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Chapter 1

Preferable Berry Fruits for 
Tolerance to Global Climate 
Change and Dry Conditions
İlbilge Oğuz, Halil İbrahim Oğuz, Şule Hilal Attar,  
Duygu Ayvaz Sönmez, Hüseyin Çelik  
and Nesibe Ebru Yaşa Kafkas

Abstract

Global climate change and possible drought scenarios have forced researchers, 
breeders and producers to create new plant patterns that will adapt to changing climate 
and soil conditions for production of horticultural plants in the future. Here, the most 
important topic is the shortening of the physiological growth period of plants due to 
abiotic stress. In other words, reductions experienced in both cooling needs and matu-
ration periods cause negative impacts on flowering times and amounts, and this causes 
significant loss of yield. In recent years, the production of berry fruits that will adapt 
to drought conditions has attracted the attention of breeders and producers. The aim 
of this study is to discuss in detail the possibilities of producing berry fruits that are 
resistant to drought and negative climate conditions and to present research results and 
recommendations about this topic. In this study, the production opportunities in arid 
and negative climate conditions for the berry fruits of strawberry (Fragaria vesca L.), 
mulberry (Morus spp.), fig (Ficus carica L.), blackberry (Rubus fruticosus L.), choke-
berry (Aronia melanocarpa L.), rosehip (Rosa canina L.), raspberry (Rubus idaeus L.) 
and blueberry (Vaccinium corymbosum L.) were researched and recommendations are 
made about production methods for some varieties and types resistant to drought in 
berry fruit cultivation.

Keywords: climate change, aridity, berry fruit, adaptation, production models

1. Introduction

Agricultural activity, an ecosystem linked to nature, is one of the sectors most 
affected by global climate change. Climate change occurring as a result of greenhouse 
gas emissions negatively affects all agricultural activities. Additionally, fruit cultiva-
tion is the agricultural activity most sensitive and most intensely impacted by global 
warming and climate change. As a result, fruit trees are negatively affected by unsuit-
able climate conditions during winter rest, flowering, budding and fruiting periods 
and large economic losses occur. It is predicted that climate change will cause global 
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food crises, that food crises will become more severe with climate change and that 
small-scale farmers will be the first and most severely impacted group as a result of cli-
mate change. Among agricultural products, the agricultural products most negatively 
impacted by climate change and greenhouse gas emissions come from horticultural 
plants. One of the most negative physiological responses to climate change is experi-
enced in the growth and development periods of fruit and vegetable production. These 
effects will create negative outcomes for the growth and development of horticultural 
plants with water loss from soil due to temperature increases. As a result, within the 
framework of ecological change, it is mandatory to perform breeding and adaptation 
studies of species and varieties suitable for climate change on a product basis [1].

The IPCC predicts that in the period from 2070 to 2100, the mean temperature in 
Türkiye may increase from 3 to 7°C. This increase will be higher in warm seasons com-
pared to cold seasons, with temperatures in the summer months predicted to be 4.5°C 
higher while temperatures in winter months will be 3.5°C higher. According to a more 
pessimistic scenario, the expected increases may reach 7°C in the summer months and 
4.5°C in the winter. According to the results of regional climate models, a clear reduc-
tion is expected in rainfall in the west and south regions where the Mediterranean 
climate is dominant, while an increase in rainfall is expected in the Black Sea region. 
Due to increasing temperature and reducing rainfall, the severity, frequency and 
duration of drought events are expected to significantly increase [2]. Drought events, 
frequently experienced due to anthropogenic climate change, the resulting increasing 
atmospheric temperatures, and changes in rainfall will significantly damage global 
agricultural systems and agricultural production [3, 4]. Due to the complicated climate 
structure of Türkiye, it appears to be one of the countries that will be most affected 
by climate change due to global warming [5, 6]. Additionally, as is known, climate 
change will impact different regions in different ways and at varying scales as Türkiye 
is surrounded on three sides by seas, has variable topography and orographic features. 
For example, just as the Southeast and Central Anatolian regions will be under threat 
of further desertification due to temperature increases, arid and semiarid regions and 
semi-humid Aegean and Mediterranean regions without adequate water will be more 
impacted [5]. It is considered that the significant reductions in rainfall in the Seyhan 
River basin in 2070–2100 and changes in the amount of snowfall and melt times 
will change the seeding/planting times for basic products like wheat and corn, and 
more importantly will change the planting localities [7]. In Türkiye, there are serious 
concerns related to the increases that will occur in summer and winter temperatures, 
reductions in rainfall and agricultural production, and increases in sea level [8].

In light of this knowledge, undoubtedly the negative climate conditions will take 
their toll on berry fruit production. However, berry fruit generally do not cover a 
large area in terms of production area, while the high possibility for horizontal or 
vertical agriculture for berry fruits like strawberry, raspberry, gooseberry and blue-
berry, especially, has attracted the attention of producers. The product with highest 
cultivation in berry fruit production around the world is the strawberry. For global 
blueberry production, the USA is in first place producing 308,760 tons, followed 
by Canada in second place with 176,127 tons, Peru in third place with 142,427 tons 
and Spain in fourth place with 53,380 tons. For global raspberry production, Russia 
is in first place producing 174,000 tons, followed by Mexico second with 128,848 
tons, Poland third with 150,000 tons, Serbia fourth with 120,058 tons and USA in 
fifth place with 102,510 tons production. Türkiye has 8% share of global berry fruit 
production and it was reported that 24.92% of this is strawberries, while 25.18% is 
other berry fruit species [9]. As a result, the convenience of producing berry fruit 
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will increase their preferability in the struggle with global warming and drought. 
Additionally, berry fruits generally have bush and spreading forms and just as they 
can be cultivated in very large areas, they can also be cultivated in narrow and small 
areas, which makes these plants more advantageous. Berry fruits grow on small fruit 
plants with different colors like blue, purple and red. Berry fruits with more common 
production around the world in recent years may be listed as chokeberry, barberry 
blueberry, cranberry, blackberry, raspberry, white, red or black currant, and straw-
berry. Additionally, the shelf-life of berries is short and their use in processed food 
like fresh fruit, fruit juice, jam and drinks is limited. Additionally, the majority of 
berry fruits require different storage methods in processes like drying and packaging 
to preserve the quality of fruit during storage [10]. Berry fruits contain flavonoids 
(anthocyanins, flavonols and flavanols like concentrated tannins or proanthocy-
anidins), hydrolyzable tannins (ellagitannins and gallotannins), phenolic acids 
(hydroxybenzoic and hydrocinnamic acids, chlorogenic acid), and high levels of 
polyphenols like stilbenoids and lignans [11, 12].

Berry fruits grew wild in forests in the first years and were cultivated mainly as 
fence plants along field boundaries. It is known that cultured varieties of berry fruits 
were derived from soft- and hard-seeded fruits toward the end of the 16th century. 
Currently berry fruits are very commonly grown, especially in Europe; however, 
apart from strawberries, cultivation of the others is still new in Türkiye. As berry 
fruits are very rich in aroma agents, they are used at broad scale mainly in the mar-
malade, jam, fruit juice and drink industries [9, 13, 14]. Additionally, berry fruits 
contain phytochemicals like phenolic acids (hydroxybenzoic and hydroxycinnamic 
acid), flavonols (quercetin, kaempferol, myricetin), flavanols (catechins and epigal-
locatechin [EC]), anthocyanins (cyanidin glycosides and pelargonidin glucosides) 
and flavonoids like tangilanins. Anthocyanins responsible for the color of the fruit 
are found in abundant amounts in the skin of the fruit [15–20]. Due to these rich 
bioactive components, there is increasing demand for berry fruits in recent years. 
Hence, berry fruits are products with high added value and economic value. While the 
wild berry fruits found in the natural flora of Türkiye are collected from forest areas 
and sold for fresh consumption in local markets, cultivated species are processed or 
frozen for use in products like fruit juice, jam, jelly, puree and ice cream due to being 
seasonal [21–24].

Additionally, due to the wealth of active components in berry fruits, several stud-
ies have been performed as consumption of berry fruits like mulberry, chokeberry, 
barberry blueberry, cranberry, blackberry, raspberry, white, red or black currents 
and strawberry is very beneficial in terms of health [25–28]. Additionally, in recent 
years, drying processes have been performed for berry fruits, as for many types of 
fruit. New technologies used for drying processes contribute to the struggle against 
global warming and climate change. For export of fresh fruit, high cost storage and 
transport processes are implemented to prevent degradation of fruit during storage 
and transport. This process increases both costs and energy consumption as input costs 
increase and more energy is used. At this point, trade in dried fruit has gained more 
importance for market presentation in recent years. For example, for quality features of 
dried fruit, drying conditions and techniques used require great care due to fruit being 
very sensitive to degradation of phytochemical content like anthocyanins and phenolic 
compounds [10, 12]. Classic drying processes generally cause losses of the functional 
properties and antioxidant activities of fruit. As a result, the drying process conditions 
and methods used are known to significantly affect the bioactive compounds in the 
fruit, linked to the fruit species. Additionally, fruit dried with the lyophilized drying 
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method, for example, generally do not have any changes in color, nutrients, vitamin val-
ues, aroma, odor and fruit shape. This and similar methods are considered to contribute 
to methods in the struggle against global climate change and drought in the future, 
though costs are high at the moment [12, 29]. Additionally, it is known that climate fac-
tors have very significant effects on biochemical properties of fruit. For example, bio-
climatic data about atmospheric forcing on the vine in the long term identified different 
climate variables in certain places in the long-term period had significant effects on the 
growth cycle of vines, biomass production and grape properties based on temperature 
and radiation intensities and durations in a spatial and temporal sense in viticulture [30, 
31]. Some of the most important factors affecting fruit production and quality of berry 
fruits are extreme climate conditions during winter rest, flowering, budding and fruit-
ing periods [32]. In fact, it was reported that budding would be delayed as a result of not 
meeting cooling needs linked to temperature increases for viticulture in the Margaret 
River region in Australia [33]. To better prepare for possible impacts of climate change, 
it was reported that it was necessary to perform more research about breeding varieties 
with lower cooling requirements, developing rootstocks that can cope with inadequate 
winter cold and understanding the responses of products to temperature better [34]. 
For example, in Downeast, Maine region of the USA, research about wild blueberry 
fruits reported that summer temperatures significantly increased over 40 years in 
natural blueberry fields due to climate change and this situation caused farmers to expe-
rience significant economic losses [35].

Every year in different regions and provinces significant losses are experienced in 
many agricultural sectors due to the negative impact of climate change on drought, 
hail, heavy rainfall, floods, frost, storms and other abiotic stresses. Additionally, 
changing climate events, unbalanced rainfall and high-low temperature regimes 
threaten all sectors of agricultural production [36]. Climate change causes a reduc-
tion in fruit and vegetable production from annual and perennial horticultural 
plants for agricultural production, shortening the growth duration of plants due to 
negative effects on growth and development of plants linked to terminal heat stress, 
especially. The results will provide a beneficial guide for planning vine development 
in the future in Serbia. However, contrary to what is known, this research reported 
that cold damage, usual to date, may be reduced in cold regions, especially. However, 
it was reported that there is a need for more detailed studies and to develop concrete 
adaptable strategies to clearly say that there will be positive effects for viticulture in 
Serbia. Additionally, it was reported that research in the future should use multi-
model and multi-scenario climate modeling with the holistic approach, identify the 
accuracy of data obtained from this modeling and measure the correlation between 
grape quality and yield by revealing the impacts on vine phenology due to climate 
change in the region. Other factors that need to be explained include identification 
of the impacts on plants of other meteorological factors like humidity and wind, in 
addition to temperature and rainfall; direct effect of increasing atmospheric carbon 
dioxide concentrations on vines; impacts of soil, topography and other environmental 
factors on vine products; impacts of climate change on disease and pests; and deter-
mining the possible physiological reactions of some vine varieties to predicted climate 
changes [37]. In many European countries, though strawberries are cultivated in 
strawberry gardens using plastic cover material as they are early producers and to pro-
tect from cold, strawberry cultivation is still performed in open areas. As is known, 
plastic cover materials are commonly used with the aim of preventing damage from 
frost in the flowering period in spring and to ensure early yield in strawberry cultiva-
tion. Additionally, in many countries in Europe, around the world and in Türkiye, 
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automation in production of berry fruit like strawberry, blueberry, blackberry and 
mulberry uses steel, wood and similar constructions to create gothic, arc roof, tunnel 
and glass greenhouses produced from plastic and glass (with shades) appropriate to 
the geographical and climate conditions suitable for the berry fruit type and variety 
[38]. The aim of this study is to provide information about which production methods 
and models should be applied in climate regions for the cultivation of berry fruits 
linked to temperature, rainfall and aridity, and what the appropriate rehabilitation 
work is for a variety of rehabilitation, drought and limited irrigation methods consid-
ering aridity and vegetation indexes. Information is also given about care and training 
systems for berry fruits, irrigation, methods against disease and pests, marketing and 
processing techniques.

2.  Cultivation models for berry fruit compatible with aridity and climate 
change

In this section, the focus is on botanic and ecological needs and nutritional content 
of berry fruit with easy cultivation and high adaptation to different climate condi-
tions to be able to use them in arid and global climate change scenarios. In general, 
the ability of individual genotypes of all plants to create distinct phenotypes when 
exposed to varied environmental situations is referred to as phenotypic plasticity. 
Environmental influences on the expression and function of genes that regulate 
plastic characteristics cause these phenotypic variations [39]. As in all fruits, fruit 
phenotypic properties such as sugars, acids, phenolics, anthocyanins and aroma 
compounds in berry fruits are significantly affected by variety and environmental 
conditions. The combination of these phenotypic parameters depends entirely on 
the stability of fruit traits. Researchers defined this situation as “the tendency to 
keep the characteristic of a physiological or morphological system constant [40]. 
Despite the fact that phenotypic plasticity is a significant ecological phenomenon, 
genetic and molecular mechanisms are insufficient to fully explain it [41]. Moreover, 
phenotypic variation between species and organisms within the same species can 
effect variances in gene expression as well as differences in gene structure. However, 
it is hypothesized that phenotypic plasticity between clones of the same genotype is 
far more dependent on variable gene expression in different contexts [42]. Recent 
research has shown the presence of high-throughput expression profiling tools, which 
making it possible to analyze the genetic mechanism (activity and spatio-temporal 
features) on a global scale. As a result, the impact of transcriptome plasticity may 
now be studied directly [42–44]. In order to adapt to climate change, new research 
and applications continue to be developed in terms of all kinds of plant and animal 
production techniques. Especially in the production of berry fruits, researches on 
the choice of soil location, tillage, seedling production from production techniques, 
planting system, pruning and training systems, changes in the planting environ-
ment (soilless culture, horizontal or vertical agriculture, plant nutrition and garden 
management systems with machine learning content, artificial plant environments) 
continue at full speed. For this purpose, in a study conducted by [45], they stated that 
regarding the berry orchard, applications that increase the organic matter level of the 
soil should definitely be made, the berrys in the garden are different in terms of soil 
compaction in the management applications should be considered; and for example, 
different doses should be tried for the soils of different berry species for an economi-
cal approach in the barnyard manure applications. Furthermore, they recommended 
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that preliminary soil analyses be performed before establishing berry orchards, and 
that berry varieties suitable for these soil qualities be favored. For instance, berry 
types with stronger root structure than other berry types, such as aronia, blackberry, 
and goji berry, should be favored in semi-arid environments. Besides, except very 
hot, arid, and foggy environments, blackcurrant growing does not provide significant 
climatic challenges. It is more cold-resistant than other berry fruits. Black currants are 
vulnerable to hard winters. Currant cultivation is dangerous in areas prone to spring 
frost [46]. The discovery of “primocane” types, which take fruit from flower buds 
grown on one-year shoots, is the most significant breakthrough in blackberry produc-
tion today. These variations are favoured not because they produce higher-quality 
items, but because they allow harvest to extend a longer period of time through the 
use of techniques such as tip picking into breeding systems. In recent years, thornless 
primocane cultivars have also been developed. Adaptations of these cultivars continue 
in greenhouse cultivation, particularly along the Mediterranean coast. The private 
sector is developing healthy and high quality seedling production, variety adaptation 
and introduction, extension of the harvest period with different breeding techniques, 
greenhouse, fertigation, correct harvesting and preservation techniques. Planting 
healthy, suitable seedlings at the correct time is a critical aspect in strawberry produc-
tion. Strawberry seedlings used in cultivation include frigo, fresh, green, and “plug” 
seedlings. The frigo seedling is the most often utilized seedling type in strawberry 
growing in Turkey and many other nations across the world. However, in recent 
years, the use of frigo seedlings has been completely abandoned, especially for early 
growing; and the use of fresh and “plug” seedlings has begun. Due to the ecology and 
planting period during which flower bud production occurs, it is feasible to obtain 
fruits earlier in culture with these seedlings, and harvest is extended a wider period 
[47]. Thus, changes are made in the production and breeding techniques mentioned 
above, taking into account climate change and ecological conditions in the produc-
tion of berry fruits. Furthermore, numerous production practices, such as mulch 
treatments, soil processing processes, and irrigation systems, have had to modify as a 
result of climate change and temperature increases.

The study of species and cultivars suitable for drought and adverse climatic condi-
tions in berry fruits is one of the priority issues of plant breeders all over the world. 
Honey berry (Lonicera caerulea L.) production, for example, is increasing in certain 
European countries as well as Canada and Japan. The explanation for this is that it 
is a plant of Russian origin with a remarkable adaptation to severe environmental 
conditions. Besides its fruit is a sort of berry with a distinct flavor reminiscent of 
raspberry, blackcurrant, and blueberry. Its fruits range in flavor from bitter to sour to 
sweet [48]. Honey berry is notable for its early maturity, high ascorbic acid content 
in its fruits, and bioactive flavonoid content. One of the most important features 
of this berry is its exceptional frost resistance to cold, its suitability for mechanized 
harvesting, and its resistance to diseases and pests [49]. Its cultivation is still taking 
place in Russia, Japan, Poland, the Czech Republic and Canada. There are more kinds 
bred in Russia, where the population density is high. Tundra, Berry Blue, Indigo Gem, 
and Borealis were among the major cultivars launched in Canada in the early 2010s. 
New kinds include the honey bee, Aurora, Boreal Blizzard, Boreal Beauty, and Boreal 
Beast [50]. Boreal Beauty (Lonicera caerulea var. edulis) is a new variety with superior 
characteristics developed in Canada. Boreal Beauty carries the Russian, Japanese and 
Kuril gene. It is the most heat tolerant variety. Boreal Beast (Lonicera caerulea var. 
kamtschatica) grows upright in the form of a bush. It is very similar to Boreal Beauty. 
It is a variety with high tolerance to diseases and pests. It is a highly productive variety 
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tolerant to powdery mildew. As a result, studies are continuing in the breeding of 
species and varieties that are tolerant to climate change, drought, diseases and pests in 
berry production in the world.

2.1 Strawberry (Fragaria x ananassa L.)

In recent years, strawberry cultivation under protected conditions has increased 
for the fresh market in European countries. Producers choose very short day varieties 
in order to reach the market early. The aim of protected cultivation is to protect the 
strawberry from negative weather conditions. The selection of varieties with low 
cooling needs and high quality is becoming more common for strawberry cultiva-
tion in the winter and spring in the Mediterranean climate, while generally neutral 
varieties in terms of light needs are chosen for strawberry cultivation in the open 
air in cool places. Additionally, producers choose summer planting for strawberries 
rather than spring planting to prevent the effects of cold in continental climates. The 
use of refrigerated seedlings for summer and autumn strawberry production has 
significantly increased. This has contributed to the increase in strawberry cultivation 
in greenhouses and plastic tunnels. As a result, many different production techniques 
are used to offer fresh strawberries to the market in nearly every season by developing 
new production models for strawberry production in Europe in parallel with climate 
change [38]. As is known, the effect of climate change on plants is a topic that requires 
study by scientists and there is continuous research about this topic.

2.2 Black chokeberry (Aronia melanocarpa Michx)

Chokeberry is a plant species with superior adaptability to pedoclimatic condi-
tions (wet habitats, sand dunes, rocky slopes and steep cliffs and extremely over-
grown or bare rock outcrops). Additionally, chokeberry plants may be cultivated in 
marginal areas in terms of nutrients [51]. It is a plant that has the ability to tolerate 
dry or excessively humid soils [51] and very low temperatures and additionally is 
resistant to plant diseases and pests [52]. Due to these features, chokeberry is a berry 
brush that can be very easily used for rehabilitation with plant cover in abandoned 
areas [51]. The basis of the adaptation success of this plant species is linked to the 
ability to adjust to the soil pedoclimatic conditions and continuously changing 
environmental conditions. In this context, a study completed in Romania Research 
Institute for Fruit Growing Pitesti—Maracineni related to adaptation to specific 
climate conditions of Melrom and Nero chokeberry varieties used the Biologische 
Bundesantalt, Bundessortenamt and Chemische Industrie (BBCH) scale for pheno-
logical observations. The study calculated the mean flowering and fruiting initia-
tion, flowering and fertilization duration, mean air temperature, total solar radiation 
and cold and heat accumulation. According to this study, budding began from 28 
January – 8 February, bud opening began on 3 March, flowering began from 15 April 
to 1 May and finished from 27 April to 14 May. Phenological observations obtained a 
BBCH value of 53–87, while the mean air temperature over 154 days was reported to 
vary from 6.1 to 36.8°C. At the end of this research, they identified that chokeberry 
(Aronia melanocarpa) was a berry fruit species that was adapted to the temperate 
continental climate of south Romania [53].

In Türkiye, blueberry studies began in the 2000s in the Black Sea region, and in Rize. 
A study in Samsun province in Türkiye found the fruit harvest for blueberry variet-
ies began from the end of June to beginning of July and continued until the middle of 
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August. For extension of the harvest period, they reported the cooling needs of Misty, 
Ozarkblue, O’Neil, Jubilee and Sharpblue, low height southern blueberry varieties and 
late maturing rabbit-eye blueberry varieties of Climax, Powderblue, Tifblue and Austin 
had full flowering in the ecological conditions in Samsun Türkiye. The Misty blueberry 
variety with earliest low cooling needs fully flowered on 3 March, while for latest full 
flowering the rabbit-eye blueberry Tifblue variety flowered on 5 April. The earliest 
leaf buds were found on the Misty variety on 25 January, while the latest leaf buds were 
present on the rabbit-eye blueberry variety of Tifblue on 28 March. For the fall time, the 
southern ones were earliest on 7 May for Misty, while for the rabbit-eye variety, the latest 
occurred on 10 June. The rabbit-eye blueberry varieties had highest fruit yield (1092.3 g/
plant, Austin), while the heaviest and largest fruit were obtained from Climax (3.80 g 
and 20.70 mm), with hardest fruit obtained from the rabbit-eye blueberry variety of 
Powderblue (3.74 kgF). In conclusion, in the Samsun coastal ecology, the harvest period 
was earlier for the southern tall blueberry varieties, while the rabbit-eye blueberry 
varieties were slightly later and could extend the yield period until August [54].

2.3 Raspberry (Rubus idaeus L.)

Raspberry is a berry fruit that can be cultivated in different climate conditions by 
ensuring production conditions, and is suitable for boutique-style production in bush 
form. The Latin name is Rubus idaeus, and the raspberry fruit is in the Rosaceae family. It 
is a plant with easy cultivation and low cost. It does not require much technical knowledge 
for rootstock use and production, does not have a grafting problem and is easy to prune. 
It may provide fruit in a short duration after planting. As the roots of the plant comprise 
fringe roots with multiple and frequent thin roots, they may reach 1–1.5 m depth in 
appropriate soil conditions. The roots are perennial but stems last 2 years. As a result, the 
stems are renewed each year. As it is not very tall, care and harvest are easy. The harvest 
period may last 4–6 weeks duration. As a result, harvesting is flexible as labor require-
ments are not focused within a few days. Generally, raspberry cultivation may be success-
fully performed in areas with abundant sunlight, protected from wind and with adequate 
soil humidity [55–57]. According to historical records, it has been used as a medicinal 
plant since 1898. Tea made from the leaves is reported to have good odor and flavor. 
Additionally, the leaves contain tannin, flavonoside, organic acids and vitamin C, while 
fruits contain organic acids, sugars, pectin, vitamin C, anthocyanin, volatile and stable 
oils [58–60]. Dioscorides mentioned that the flowers of the plant mixed with honey were 
used for eye infections, were good for skin diseases and the fruits facilitated the digestive 
system in his book called Materia Medica. Raspberry fruits are commonly consumed as 
fresh fruit, as functional drink and fermented wine due to perfect nutritional proper-
ties rich in antioxidant phenolics and with attractive color and tasty flavor [61, 62]. In 
traditional medicine raspberry is frequently used for treatment of flu-like infections, and 
is said to be a very popular fruit in Poland and Europe [63]. Raspberry is reported to be 
commonly cultivated in Türkiye, especially Mount Ida (Kaz Dağları) [64].

2.4 Blackberry (Rubus fruticosus L.)

In Türkiye, the importance of blackberry cultivation is increasing due to the 
suitable ecology for blackberry cultivation, ease of cultivation, giving fruit in 
a short duration, high yield per unit area, higher price compared to other fruit 
species and consumption in different forms as food [65, 66]. Blackberry is in the 
Rosaceae Rubus genus with species assessed within the Rubus subgenus. The basic 
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feature separating blackberry from raspberry is whether the torus (fruit stem) 
remains on the fruit or not. When collecting blackberry fruit the torus remains 
on the fruit, while with raspberry the torus remains on the plant and the section 
where the torus entered the fruit forms an internal cavity. The general Latin name 
for the fruit is Rubus fruticosus. Fruit may weigh 3 to 12 g linked to the variety, 
while it is actually a cluster of fruitlets consisting of several drupelets, each 
containing a seed [67, 68]. It may be grown in soils that are inadequate in terms of 
nutrients. The plant has white or pink flowers from May to August, and has fruits 
from black to dark purple in color. The blackberry plant may grow to 3 m in height. 
Fruits are generally consumed fresh, while they are used frozen or freeze dried in 
the food industry. They are commonly used in cake products, jam, marmalade, 
fruit juice, ice cream, puree, sweets, concentrate and wine production due to color 
and aroma. The main production regions for blackberry are countries in North 
America, Europe, Asia, South America, Oceania, Central America and Africa. 
Additionally, wild blackberry may negatively affect sales of commercially-grown 
fruit in some regions [69–72]. The leaves of the plant have astringent features and 
are used in ethnic medicine for diarrhea, hemorrhoids, wound treatment and to 
balance blood sugar levels. Additionally, fruit are known to be used as antisep-
tic for eye infections, and as mouthwash for gum, tonsil and throat infections. 
Blackberry is a fruit with high antioxidant capacity due to containing high antho-
cyanins and ellagitannins (ET) with other phenolic agents. Epidemiological and 
clinical studies show that the consumption of anthocyanins and other flavonoids 
found in most fruit and vegetables may reduce the risk of obesity, coronary heart 
disease, degenerative status and a variety of cancer types [15].

2.5 Rosehip (Rosa canina L.)

Rosehip is called many different names by the public including wild rose, chillan, 
crazy rose, rosehip, rose apple, doghip and dogrose. It grows naturally in all regions 
of Europe and Asia and in Türkiye. In Türkiye, it grows on its own up to 2000 m 
elevation, on mountain slopes, in the internal openings in forests, on forest edges, in 
heathlands, and along stream and road edges in areas with abundant sunshine-semi-
shade and humic soils [73]. As flowers open in May, June, and July, they are not dam-
aged by late spring frosts. The flowering time is delayed as the elevation increases 
and the fruit quality increases. Adequate rainfall in the vegetation period increases 
the size of fruit. In locations with high and abundant sunshine and with south 
aspect, fruit color and size increase along with the vitamin C content. Rosehip is an 
important source of income for forest villages in rural areas. Rosehip (Rosa spp.) 
belongs to the Rosa species in the Rosaoideae subfamily of the Rosaceae family in 
the Rosales order. Of the 70–100 species of rosehip globally, nearly 25% (27 species) 
grow in our country [74–77]. Varying according to rosehip species, it is a deciduous 
bush-like plant that may reach 0.5–4.0 m with vertical and weeping forms, with few 
or many thorns on stem and branches. The stem and branches have weeping appear-
ance, while most have frequently thorny and creeping, climbing forms. Branches 
from the stem are thorny and sturdy and only reach 1 cm diameter at 3 years. Leaves 
comprise 5–11 hairless leaflets, leaflets are 2–4 cm in length, with shiny green color 
on the tops of the leaves [77]. Rosehip has strong root structure. It has both surface 
fibrous roots and deep (up to 4 m) taproots. Roots are resistant to disease, pests and 
difficult conditions. The roots with red color and soft fleshy structure are used in 
the dye industry. Due to nodules on the roots, they tend to produce root shoots [78]. 
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Flowers are single or collected in umbrella-like bunches, and have light red, pink, 
yellow, cream or white color. The sepals have round or long egg-like appearance, tips 
later recline, and then shed or remain on the fruit, depending on the species. The 
rosehip has hermaphrodite flower structure, with many male and female organs. 
Flowering occurs from April, May and June linked to species and climate and lasts 
15–25 days [75, 77].

2.6 Mulberry (Morus spp)

As is known, mulberry is one of the most perfect plants compared to other 
berry fruits for climate change and global warming conditions in barren areas. 
This is because care and cultivation conditions are easier compared to other berry 
fruits, and it is a beneficial berry fruit that does not require much water, is suitable 
for barren conditions, both fruit and leaves can be used in the food industry, in 
silkworm production and folk medicine. In spite of Türkiye, with fruit cultivation 
culture extending through history, being the home of the mulberry and having 
natural areas of distribution, the genetic potential has not been sufficiently evalu-
ated. This fruit type, with highly superior qualities in terms of fruit quality, is cut 
only to use the wood leaving many valuable genotypes at risk of being lost [79]. 
In addition to fresh mulberry consumption, mulberry has significant potential 
as a processed food product due to nutritional features. Products like mulberry 
molasses, jam, pestil (fruit leather), mulberry paste, fruit ice cream, mulberry 
sujuk, vinegar, fruit juice concentrate, and spirits are made in the regions in which 
it grows. Black mulberry juice has become a very common drink in recent years 
especially [80]. Mulberry (Morus spp.) is in the Morus genus of the Moraceae 
family within the Urticales order. The number of species within the Morus genus 
was reported to be 12 by Freeman [81], 14 by Huo [82], 24 by Koidzumi [83] with 
1 subspecies Machii et al. [84], more than 30 by Martin et al. [85] and 68 by Datta 
[86]. Mulberry is commonly encountered especially in east, west and southeast 
Asia, southern Europe, south of North America, northwest of South America and 
some regions in Africa. Mulberry plants grow to 15 m in height. They grow rapidly, 
with cylindrical, straight and thick trunks, with fractured bark and gray-brown 
color. The diameter of the crown is 6–8 m, with sparse and ball-like appearance. 
Roots are fleshy, brittle and fragile. As they age, strong lateral roots develop. As a 
result, they are resistant to wind. Leaves have stems, arranged in two rows, with 
rounded base or heart shape, top surface dark and bottom surface lighter green. 
The leaves generally have a pointed tip, with toothed edges. Shoots are shiny 
yellow in color and slightly hairy. When shoots are cut, they release a milk-like 
secretion. Mulberry has male and female flowers on the same tree. Flowers open 
in April–May. Pollination occurs with the wind direction generally. Mulberry fruit 
is in the form of a collection of fruitlets (multiple) each forming from a flower 
on the flower stem [79]. Mature fresh mulberry contain 85–88% water, 7.8–9.2% 
carbohydrate, 0.4–1.5% protein, 0.4–0.5% fat, 1.1–1.9% free acids, 1.4% fiber and 
0.7–0.9% minerals [87]. Additionally, 100 g of fresh mulberry provides 93 calories, 
containing 0.9 g protein, 19.8 g carbohydrate, 1.1 g fat, 0.9 g fiber, 60 mg calcium, 
1.1 mg iron, 0.05 mg vitamin B1, 0.07 mg vitamin B2, 0.2 mg vitamin B3 and 17 mg 
vitamin C. Additionally, there is 11.0–12.5 mg ascorbic acid, 0.7–0.8 mg nicotinic 
acid, 7.0–9.0 μg thiamine and 165–179 μg riboflavin within 100 g of fruit [88]. 
The syrup obtained by boiling black mulberry fruit harvested in the fully mature 
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period with water, sugar or honey mixture is rich in vitamins and minerals, in 
addition to being recommended as a drink due to blood purifying and antioxidant 
properties. Additionally, it is stated to be beneficial when used 3–4 times per day 
as a mouthwash for sore throat and gum infections [89]. Mulberry juice, produced 
as a health drink in a commercial sense, has become popular in China, Japan and 
Korea. Original mulberry juice remains fresh for 3 months in cold storage condi-
tions without any added preservatives; the bottled drink preserves its freshness for 
12 months at room temperature. Just as fruit can be used fresh for jam and compote 
and leaves can be used fresh for stuffed leaves, they may be used in a variety of 
forms by drying. Fruit, leaves and roots can be used to obtain extracts and these are 
used in a variety of cosmetic products. Just as white dried mulberry, eaten as trail 
mix, can be used to lower inflammation in blood and to increase breastmilk, it may 
be assessed for use in late-healing wounds in diabetes patients and for eczema [90].

2.7 Fig (Ficus carica L.)

The Ficus genus in the Moracea family includes nearly 600–2000 species. Most 
of these species are found in the tropics and subtropics and the fruit of only a very 
small number among these species can be eaten [91]. Among these species, the fig 
most commonly consumed by people is Ficus carica L. The Ficus carica L. species 
has great importance as a source of human nutrition and is the only Ficus species 
cultivated for fruit [92]. As understood from records dating to the 30th century 
BC, fig trees were the first trees planted in the world. Though the origin is not 
fully known, fig trees are thought to have emerged from the productive region of 
south Arabia in western Asia. At the same time, many wild species are found in 
the Middle East and Mediterranean regions [92–95]. Another berry tree resistant 
to climate change and arid conditions is the fig. Fig (Ficus carica L.), one of the 
first cultivated trees in the world, grows in many locations around the world with 
temperate climate. Figs are eaten both fresh and dried; however, as fresh figs are 
products that degrade quickly, they are mainly consumed close to the production 
areas. Figs are nutritional fruit rich in terms of fiber, potassium, calcium and iron. 
Fresh figs are very vulnerable to physical damage and are sensitive to rot infections 
after harvest. Conditions before and after harvest improve fruit quality and post-
harvest life. At this point, there is great difficulty for plant cultivators, physiolo-
gists and post-harvest technology experts to reduce post-harvest losses and develop 
global fresh fig marketing [96]. In 2022, there was 350 tons of production from 
572,472 thousand area with 57.3% of production from Aydın and 19.5% of produc-
tion from İzmir. The majority of figs produced in Aydın and İzmir are dried due to 
climate and ecological conditions, with fresh production from other provinces. In 
2021, 21.4 thousand tons of fresh fig and 57 thousand tons of dry fig were exported 
[97]. On a global scale, fig is produced from 299,541 hectares and production was 
more than 1,348,254.74 tons in 2021. Fig trees are commonly planted in gardens 
in the Mediterranean region (and similar climates) and have good adjustment to 
aridity and high temperature. Türkiye and Egypt are the countries with highest 
fig production representing nearly 50% of global production, followed by Iran, 
Algeria and Morocco. While Türkiye is in first place for fig exports, it is followed 
by the USA, Spain, Syria and Greece. Fig trees are commonly planted in gardens 
everywhere. They are berry trees well adapted to aridity and high temperatures in 
the Mediterranean region and similar climates [93].
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3. Production models compatible with climate change

Now the focus is on production methods for these berry fruits that are compat-
ible with aridity and global climate change. As is known, temperature increases will 
increase the degradation rate and process in soil; the resulting erosion hazard will 
reduce organic matter linked to humidity loss in soil. A reduction in soil productivity 
will be caused by these negative conditions. Innovative methods like soil-free agricul-
ture, an increasingly common alternative production model in the agricultural field 
in recent years, restorative agriculture and vertical agriculture are thought to support 
the struggle against climate change. Of these production models, it is thought that 
new production models like soil-free agriculture, restorative agriculture and vertical 
agriculture will be appropriate for fruit cultivation, especially for some berry fruits 
with ground-spreading or small-bush forms. For example, in strawberry production, 
strawberry cultivation and traditional cultivation methods use soil; this involves 
several problems caused by soil-derived pathogens and nematodes causing significant 
product loss. To prevent these losses, alternation, solarization of soil or disinfection 
with chemicals is necessary. These solutions both increase production costs and dam-
age the environment and soil. As a result, soil-free agriculture may be an important 
alternative solution for these problems. In addition to solving problems expected in 
greenhouse soils, targets like extending the production season in strawberry cultiva-
tion and yield per unit area, soil-free strawberry cultivation has become more com-
mon in commercial greenhouse production [98]. Additionally, production of fruit like 
blueberry, blackberry and raspberry under cover is becoming increasingly common. 
For example, blueberry production is very important in soil-free agriculture. The 
advantages can be listed as follows; pH control of the production environment, con-
venience for fertilizer, water, pesticides and labor, suitability for automation systems 
(pruning, harvesting, medicating), ease of protection from negative climate condi-
tions, control of weeds, and ease of harvesting. Studies about breeding new varieties 
suitable for greenhouse production with low chilling requirements continue at full 
speed. As productive agricultural areas are being chosen for both residential areas 
and for production areas for industry, the agricultural production area is becoming 
smaller. As a result, producers have begun to choose intensive production methods for 
small areas like vertical agriculture and undercover production among agricultural 
production methods. In this way, producers choose new production models with the 
aim of offering fresh products to the market in all four seasons, to meet consumer 
demands and to obtain high income. With this, aim, producers in Türkiye and Far 
East and European countries have given up traditional production for figs and begun 
production with wired training systems. Here, the aim is to both obtain a very early 
product (in 2–3 years) and to sell fresh products to the market at high price. At the 
same time, these methods increase the amount of product obtained per decare or 
hectare by using more plants in a smaller area, as mentioned above. Thus in wired 
training systems, nearly 83 seedlings can be planted per decare with dense planting at 
3–4 m intervals. Thus, more product is obtained from a smaller area. Though the first 
year installation cost is a bit higher in this type of production method, the producer 
has the opportunity to harvest in a shorter duration and sell to market at a higher 
price, increasing the profitability rate of wired training dwarf production methods. 
At the same time, producers choose these methods as there are lower labor costs for 
harvest and weed control. Again, undercover mulberry cultivation is performed with 
the aim of controlling climate conditions and offering fresh berry fruit to the market 
in a short period. The mulberry variety grown in greenhouses especially in Türkiye is 
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the variety belonging to the Morus laevigata Wall. species, known as finger mulberry 
or black mulberry among the public. Greenhouse mulberry production in Türkiye 
is used in Anamur and Silifke counties in Mersin. These mulberry fruits are sold to 
buyers at high prices in the market as fresh fruit, not as dried mulberries. In green-
house mulberry production, harvest begins in February and ends in June. If a single 
harvest is desired in open and greenhouse production in the Mediterranean region, 
hard pruning should be performed. If the target is a second harvest in a greenhouse, 
normal pruning should be performed. Additionally, the second greenhouse harvest 
occurs in December, January and February. As can be seen, these types of new 
research and new production models provide an alternative gain for producers and 
offer fresh fruit to consumers.

Modern gene technologies, also called biotechnology in recent years, offer impor-
tant opportunities to increase agricultural production in order to provide adequate 
and balanced nutrition for the rapidly increasing world population. In this case, in 
addition to the use of sustainable farming techniques, the creation of high yielding 
and high quality plant types resistant to biotic and abiotic stress conditions is the 
main goal. In the near and medium term, it will be more correct to focus mostly on 
molecular plant breeding approaches, rather than simply transgenic plants obtained 
by transformation, in the development of these plants. Developing countries having 
abundant gene resources, such as Turkey, will assist them in making the greatest use 
of their genetic potential by identifying priority areas, providing adequate infra-
structure for molecular biology studies, and training a critical mass of competent 
researchers. However, in parallel with technological advancements, it is necessary to 
make legal regulations regarding biosecurity are required, both during the creation 
of these techniques and products and their release into nature, as well as the training 
of competent personnel who will apply this legislation. In this case, the proposed 
legislation must be founded on scientific grounds. Likewise, it is very important for 
agriculturally developing countries such as Turkey to make the legislation such as 
Plant Breeder’s Rights and Patent Law for biotechnological applications in berry fruits 
and intellectual property rights related to products immediately applicable, to inform 
and support researchers in these fields, and to make regulations and bring them to 
a competitive position in the globalizing world trade. The necessity of adapting to 
climate change is essential for berry fruits to other fruit species. Because the com-
position of the grape grain is a major predictor of the quality, distinctiveness, and 
market value of juice, frozen or dried grapes, and wine, and is strongly reliant on the 
natural environment or ecology, as well as the harvest season. There is a consider-
able desire for lowering pesticide use in berry fruits, as there is in all fruit farming 
around the world. There are three inseparable inputs to the equation that berry 
growers must solve: first, adapting to climatic change, second, minimizing pesticide 
use, and thirdly, preserving the aroma unique to the species and variety. Although 
garden management can maintain these qualities to some amount, it is believed that 
addressing the short-medium-term effects of climate change would require long-
term sustainable solutions, rather than short-term genetic improvement. On the 
one hand, the positive aspects of breeding new varieties of berry fruits that adapt to 
climate change are as follows: (a) species and variety richness not yet fully explored; 
(b) advances in sequencing technologies that allow high-throughput sequencing of 
whole genomes, faster mapping of targeted traits, and easier identification of genetic 
relationships; (c) advances in new production technologies that potentially allow 
for definitive changes to established genes; (d) automation of phenotyping allowing 
faster and more complete tracking of many traits in relatively large plant populations; 
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(e) functional characterization of an increasing number of genes involved in develop-
mental control, fruit metabolism, disease resistance, and adaptation to the environ-
ment. On the other hand, challenges in breeding new varieties of berry fruits that 
adapt to climate change are as follows: (a) The perennial nature of the garden plant 
and its vast size, necessitating extensive and labor-intensive field experiments; (b) 
low transformation and regeneration efficiency, as well as the limited size of breeding 
populations; (c) the complexities of transferable traits and the need to more clearly 
define future ideotypes; (d) a lack of shared and integrative platforms that allow full 
assessment of genotype–phenotype-environmental linkages; and (e) legal, market, 
and consumer acceptance of new genotypes [99].

The responses of berry farmers to climate change adaptation can be divided into 
two groups. It can be summarized as (1) short-term incremental responses (incre-
mental responses) that farmers usually choose autonomously based on the observed 
changes and local knowledge and experience, and (2) long-term transformative 
responses that require strategic planning, usually applied on a larger spatial scale. 
Models can be used to aid decision making at both response levels; thus, certain 
model elements are either more or less helpful depending on the type of adaption 
response. In order to adapt to climate change, berry farmers are expected to focus on 
five different models: (1) empirical crop models; (2) regional conformity models; 
(3) biophysical models; (4) meta models; and (5) decision models. These models’ 
potential and limitations in deciding on short- and long-term adaption planning are 
examined. The biggest challenge in applying these models is to consider climate vari-
ability and uncertainty, which are future research, integrated risk and vulnerability 
assessments that support climate change adaptation efforts. To achieve long-term 
compliance success, systems for monitoring management adjustments and their 
outcomes must be institutionalized [100].

4. Conclusion and recommendations

Climate change has intensified global food crises, while the food crises are intensi-
fied by climate change and small-scale farmers are predicted to be the group first and 
most severely affected by climate change. Finally all branches of the agricultural sec-
tor will be negatively affected by global warming and climate change. Here, one of the 
agricultural sectors most impacted by negative climate conditions are horticultural 
plants. Among horticultural plants, berry fruit production is an agricultural branch 
where production can be performed by controlling negative climate conditions. In 
these negative conditions, a range of new production models can be implemented 
to control yield loss of berry fruits and to provide high yield in a shorter duration 
and smaller area. For this reason, it is thought that the use of innovative production 
methods such as soil-free agriculture, regenerative agriculture and vertical agricul-
ture, which are becoming increasingly common in the field of agriculture, are alterna-
tive production models that can contribute to the fight against climate change. The 
importance of using new agricultural models like different training systems, dwarf 
production allowing dense planting, undercover production, soil-free agriculture, 
restorative agriculture and vertical agriculture is increasing. Additionally, it is neces-
sary to choose restricted irrigation systems like drop and leach systems for correct 
water management. In breeding studies for new varieties, it is very important to give 
weight to breeding new varieties with resistance to salinity, aridity, plant diseases 
and pests, good flavor and aroma, and high yield. It is necessary to implement tighter 
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precautions to protect national and international plant gene sources paying attention 
to local varieties more resistant to negative natural and climate conditions in these 
breeding studies. It is necessary to implement multidisciplinary studies especially 
for berry fruit production about improving techniques for drying and processing 
and using new methods that are environmentally friendly and do not damage human 
health to ensure products reach consumers fresh and without nutritional loss or deg-
radation. In conclusion, we believe this study will guide more detailed studies about 
this topic and continuation of berry fruit production with least impact from global 
warming and climate change conditions.

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Chapter 2

Ecological Significance  
of Wild Huckleberries  
(Vaccinium membranaceum)
Janene Lichtenberg and Tabitha Graves

Abstract

Wild huckleberry (Vaccinium globare/membranaceum complex) is a keystone 
species in the Pacific Northwest of the United States. The fruits are a primary food 
source for grizzly bears and other wildlife, as well as an important traditional and 
contemporary human food. Huckleberry shrubs also provide cover and nesting habitat 
for many animal species, including small mammals and birds. The flowers provide 
nectar and pollen with crucial connections between bumble bees (Bombus species) 
and huckleberries. Native bee pollination is essential for successful berry develop-
ment. Huckleberries flower early in the growing season and are some of the only floral 
resources available when bumble bee queens first emerge from hibernation and need 
to collect pollen and nectar for nesting. One of these species, the Western bumble bee 
(Bombus occidentalis), is in review for listing under the U.S. Endangered Species Act. 
Future climate change has the potential to influence huckleberry distribution, produc-
tivity, and phenology. These potential changes could have wide-ranging implications 
because of the economic, cultural, and ecological importance of huckleberry.

Keywords: Vaccinium, huckleberry, pollination, bumble bees, wildlife, keystone 
species, ecological relationships

1. Introduction

The genus Vaccinium (Ericales: Ericaceae) includes the domestic blueberry 
cultivars and occurs under a variety of locations and conditions worldwide. There are 
more than 35 species native to North America alone, including a variety of species 
referred to as wild huckleberry in the Pacific Northwest. There are at least six species 
of Vaccinium in Montana, USA [1]. This chapter will focus on the huckleberry (V. 
membranaceum Douglas ex Torrey) also referred to in some sources as (V. membrana-
ceum/globare complex), two separated species that include (Vaccinium globare Ryberg) 
and V. globare as a variety of V. membranaceum [2]. There are also a wide variety of 
common names used for this plant including wild, thinleaf, black, blue, mountain, 
common, big, and square-twigged huckleberry. This species is also the most com-
mon western huckleberry harvested for commercial use [3]. It is distributed from 
the Northwest Coast to eastern Wyoming, USA, and north to British Columbia and 
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Alberta, Canada. We will refer to this species (or species complex) as “wild huckle-
berry” or simply huckleberry in this chapter (Figure 1).

The shrubs of wild huckleberry are deciduous and grow up to 2 m tall, often in rhi-
zomatous clumps [1, 4, 5]. Leaves are oval to elliptical, 11–50 mm, usually green, and 
finely serrated. Flower petals are fused, giving them a globe-like shape, and are light 
pink or sometimes white. They grow individually on the underside of stem nodes. 
The berries are red to deep purple when ripe with many small (1 mm) seeds. Roots 
may be as deep as 100 cm with rhizomes usually occurring at depths of 8–30 cm. 
Huckleberries reproduce through both seeds and rhizomes with patches often consist-
ing of vegetative clones [1, 4, 5].

Wild huckleberries are usually in areas with low canopy cover, fine and well-
drained loam soils, moderate slopes, and winter precipitation as snow [5, 6]. Periodic 
fire (every 20–50 years) is important to prevent competition from other plants and 
to maintain relatively open overhead canopy although timber harvesting, avalanche 
chutes, and even ski runs can also lead to suitable conditions [7, 8].

Wild huckleberry shrubs are commonly associated with beargrass (Xerophyllum 
tenax) [9]. Depending on location and environmental conditions, plants may be in 
forests dominated by Engelmann spruce (Picea engelmannii), western larch (Larix occi-
dentalis), limber pine (Pinus flexilis), ponderosa pine (P. ponderosa), lodgepole pine (P. 
contorta), western white pine (P. monticola), hemlock (Tsuga sp.), fir (Abies sp.), Douglas 
fir (Pseudotsuga menzeseii), and western red cedar (Thuja plicata) [5]. Other shrubs that 
are often found in the understory are currant (Ribes sp.), snowberry (Symphoricarpos 
sp.), false huckleberry (Menziesia ferruginea), bearberry (Arctostaphylos uva-ursi), white 

Figure 1. 
Huckleberry phenophases (life stages) showing flower buds (top left), flowers (top middle), developing green 
berries (top right), ripe berries (bottom left), ripe berries and red leaves (bottom middle), and harvested berries 
(bottom right) (SKC, USGS photos).
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spirea (Spirea betulifolia), mountain heath (Phyllodoce empetriformis), Cascade azalea 
(Rhododendron albiflorum), mountain-ash (Sorbus sitchensis), raspberry (Rubus sp.), 
Rocky Mountain maple (Acer glabrum), dogwood (Cornus sp.), Oregon grape (Mahonia 
repens), grouse whortleberry (Vaccinium scoparium), bilberry (Vaccinium deliciosum), 
and other huckleberry species (Vaccinium sp.) [5].

Wild huckleberry is one of the most important food plants in the Pacific 
Northwest of North America [10, 11] and has strong cultural [10–13], economical 
[10, 14, 15], and ecological value [2, 16]. The berries of huckleberries are highly 
valued by the people of the Pacific Northwest, past and present. They are a cultural 
keystone species for many Native American tribes that continue traditions and 
ceremonies surrounding collection, storage, and consumption of berries [10–13], 
as well as caretaking of huckleberry patches by spreading berries and seeds, prun-
ing berry bushes, and setting fires to clear dense vegetation and promote growth 
[2, 10–13]. Fruits are often eaten fresh but also cooked or dried [4]. Some tribes use 
the berries in pemmican or sun cakes, and to make lavender dye [4]. Various parts 
of huckleberry plants are medicinal. Some people use the leaves for tea or mix them 
with other plants for smoking [10].

Early frontier people utilized huckleberries as subsistence food [15]. Today, harvest-
ing huckleberries is an activity many people enjoy as a special treat. People mostly eat 
fresh berries or bake them in foods, as well as preserve them canned, frozen, and as 
jams and jellies. Huckleberries are difficult to cultivate, and so most commercial berry 
products are from wild harvested berries [3], with most companies paying pickers to 
harvest berries for their products [7, 8]. Some commercial pickers harvest huckleberries 
to supplement other income and others sell huckleberries to meet financial needs [15].

Huckleberry shrubs provide cover, nesting habitat, and food for many animal spe-
cies, including small mammals and birds [17]. The flowers of Vaccinium species pro-
vide nectar and pollen for animals, including at least 41 native bee species in Montana 
[18], and are used especially by bumble bees [18, 19]. The berries are the main source 
of food for wildlife [17] although some herbivores such as moose (Alces alces) [20], elk 
(Cervus canadensis) [21], and mule deer (Odocoileus hemionus) [22] also eat the stems 
and leaves. A significant portion of the diet of grizzly bears (Ursus arctos) and black 
bears (Ursus americanus) is obtained from huckleberries [8, 16, 23–26]. In Glacier 
National Park, Montana, USA, huckleberries can make up over 15% of a bear’s diet 
by volume [26]. Huckleberries have some of the highest apparent digestible energy 
of plants consumed by bears [23]. Berry productivity can influence bear movements, 
emigration, and recruitment [8, 27].

Meteorological conditions often determine annual huckleberry phenology and 
distribution [28]. Huckleberry productivity in the Cabinet-Yaak Region was positively 
correlated with cooler, wetter springs, and 70% of the inter-annual variability was 
linked to April–June growing degree days and July temperature range based on a 
twenty-one year dataset [16]. Livestock grazing, mining, and the introduction of 
invasive weed species are often detrimental [12]. Fire suppression creates unfavorable 
conditions for huckleberry plants due to denser forest canopy and more competition 
from understory plants. Fire was an important tool for the Salish and Pend d’Oreille 
people who burned low-intensity fires to remove unhealthy plants and simulated 
higher berry productivity [13]. Much of the United States and Canada began prevent-
ing fire setting by indigenous people as early as the late 1800s [10]. Although there is 
growing recognition by mainstream forest managers that prescribed fire is important 
for the health of montane ecosystems, fuel buildup from past fire suppression has led 
to implementation challenges [29].



Edible Berries – New Insights

30

Furthermore, the Pacific Northwest is experiencing warming temperatures (0.7 
degrees C warmer on average) and less precipitation [30], leading to decreases in 
snowpack and soil moisture. These factors are shifting the timing of berry ripening 
in some areas; thus, timing for harvesting plants has become less predictable [28, 31]. 
Models are being used to help determine how climate change might influence huckle-
berry distribution and phenological stages (flowering, berry ripening) in the Pacific 
Northwest region [28]. A study investigating how climate change could affect the 
wild huckleberry concluded that the suitable range of huckleberry across the Pacific 
Northwest United States will likely shrink by 5–40% by the end of the twenty-first cen-
tury [28]. The study further suggests that the phenology of huckleberry will change, 
with flowering advancing 23–50 days and fruiting advancing 24–52 days, by the end of 
the twenty-first century [28]. Models are also being developed to predict sites where 
huckleberries are most likely to be found for human harvesting and bears [6, 32–34].

Climate fluctuations leading to changes in snow depth and timing of snowmelt 
may lead to phenological mismatches, thus interrupting species interactions and 
reducing populations of some species. Earlier snowmelt and shifts in the timing of 
flowering can increase exposure of flowers to frost and reduce berry production, 
resulting in years with poor to no berries [35–38]. Furthermore, frost damage to flow-
ers can impact pollinators. For example, fecundity of the alpine butterfly (Speyeria 
mormonia) was reduced due to frost damaging the flowers of their preferred floral 
resource (Erigeron speciosus) [39]. Lack of insulating snow and unpredictable and 
repeated spring freeze–thaw cycles may damage some insect populations and ranges 
[40]. Foothills and valley bottoms of the Southern Canadian Rocky Mountains are 
projected to lose 50% of their species richness by 2080 [33] as a result of upslope 
migrations of plants.

There are also concerns that climate change could increase population size and 
spread of pest species and pathogens. Warmer temperatures are expected to make 
conditions more suitable for invasive plant species, resulting in increases at higher 
elevations and latitudes [41]. Invasive plants tend to have rapid growth rates, wide 
dispersal, and the ability to outcompete native plants [41]. Many of the pest insect 
species in the Order Hemiptera (true bugs) have piercing/sucking mouthparts and 
can cause economic damage [42]. Three hemipteran families collected from the 
leaves and stems of wild huckleberry plants in Montana, Cicadellidae (leafhoppers), 
Aphidadae (aphids), and Miridae (plant bugs) include species known to cause dam-
age to fruit crops and two species in particular, the leafhopper (Dikraneura carneola) 
and the plant bug (Lygus hesperus), are of particular concern [18]. A species in the 
Order Diptera, Spotted wing drosophila (Drosophila suzukii) is a fruit fly from Asia 
invasive to North America and may increase, and potentially impact huckleberry 
plants, as the climate becomes warmer and more humid [43]. Soil moisture deficits 
from warm and dry conditions can contribute to Western hemlock looper larvae 
(Lambdina fiscellaria lugubrosa Hulst) outbreaks that can impact not only western 
hemlock (Tsuga heterophylla) but other forest species as well including deciduous 
species [44] such as huckleberries. We observed caterpillars of this and other species 
eating huckleberry leaves and documented in a few isolated cases the consequent 
death of the shrub.

Species-specific responses to climate change can also disrupt plant-pollinator 
interactions [45, 46]. Environmental cues such as air temperature and day length 
influence the phenological responses of plants, insects, and other animal species 
[35, 40, 47, 48]. Snowpack can play a major role in the emergence of plants and 
insects [49–51]. In Japan, early snowmelt also increased the risk of phenological 
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mismatch between a spring ephemeral plant and its bumble bee pollinators, likely 
because snow melt happened sooner than increasing soil temperatures [52]. The 
indirect effects on flowers can even influence bee abundances [53].

Pollinator declines and shifts in assemblages are already impacting wild plant spe-
cies in some places [54]. Most commercially grown Vaccinium (domestic blueberries) 
rely on insect pollination [55], and climate change and other factors are resulting in 
pollinator declines [56–59]. Insect pollination is known to increase fruit or seed qual-
ity and quantity for 68% of the major crops worldwide [60], and the majority of wild 
plant species are dependent on insect pollination for fruit and seed set [61].

Greater than 85% of fruit set and yield of plants in the genus Vaccinium is 
dependent on pollination by insects [62], and the most efficient pollinators of many 
Vaccinium sp. are bumble bees [63, 64]. Fruit set, seed number, and fruit weight of 
lowbush blueberry (V. angustifolia and V. myrtilloides) was positively correlated with 
bee density and thus pollination [62]. Fruit development in highbush blueberry (V. 
corymbosum) was also positively correlated with insect pollination, particularly by 
bees [60, 63–66]. Bumble bees also increase the mass and yield of domestic cranber-
ries (V. macrocarpon) [64]. Pollination success is not only linked to bee abundance but 
also species richness [66].

Potential changes in the habitat, health, productivity, abundance, and distribution 
of huckleberry plants and the species they interact with have wide-ranging implica-
tions because of the economic, cultural, and ecological importance of huckleberry. 
Climate change has a high potential to impact huckleberry ecology and the species they 
interact with such as pollinators. To better understand the potential impact of climate 
change on wild huckleberry, we conducted an array of studies on huckleberry phenol-
ogy and plant visitors (particularly pollinators) during the years of 2015 through 2021.

2. Research on the Flathead Indian reservation, Montana

2.1 Study area

The research described in this section took place on the Flathead Indian 
Reservation of the Confederated Salish and Kootenai Tribes in northwest Montana, 
USA (Figure 2). Ten study sites were selected based on aspect, elevation (1200 to 
1900 m), slope, plant community, geographical location, and accessibility. Dominant 
tree species recorded at these sites were Douglas fir, ponderosa pine, western larch, 
lodgepole, subalpine fir (Abies lasiocarpa), and grand fir (A. grandis). Common 
shrubs were snowberry, grouse whortleberry, false huckleberry, alder (Alnus viridis), 
currant, Rocky Mountain maple, serviceberry (Amelanchier alnifolia), wild rose (Rosa 
sp), ocean spray (Holodiscus discolor), spiraea, and Oregon grape. Beargrass was com-
mon at some, but not all, of the sites.

The average annual temperature in northwest Montana is 4.8°C, ranging from −4.6°C 
in winter to 14.7°C in summer [67]. Temperatures are cooler and more variable at higher 
elevations. The state growing season averaged 206 days (1981–2010). The average annual 
precipitation in northwest Montana is 82.2 cm with a range of an average winter mini-
mum of 23.9 cm to an average summer maximum of 15.5 cm. Higher mountain eleva-
tions can receive as much as 150.8 cm annually. Most winter precipitation in Montana is 
snow that accumulates as snowpack [67].

Based on data from the nearest USDA NRCS SNOTEL station within the elevation 
range at our sites (Bisson Creek, 1500 m), snow was present during the months of 
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December through April for the winters of 2014–2015 and 2015–2016 [68]. During 
the winters of 2016 through 2021 snow was similarly present in December but also 
continued into the month of May. During this study, the highest snow water equiva-
lent (SWE) recorded was 348 mm at the start of April 2018 and the lowest SWE 
recorded in April was 124 mm in the year 2015. Mean spring precipitation (March–
June) was the highest in 2017 (666 mm) followed by 2018 (590.25 mm) and 2015 
(548.5 mm). Spring precipitation was the lowest in 2021 (419.75 mm) followed by 
2020 (421.25 mm), 2016 (472.5 mm), and then 2019 (485.75 mm) [68].

2.2 Huckleberry and vertebrate visitors

A variety of methods were utilized to record huckleberry visitors including stan-
dardized bird point counts, standardized insect observations, incidental sightings, 
and remote cameras. During 12 hours of point count surveys at 4 sites (each visited 
3 times), we documented a total of 18 species and 388 individual birds. Of these 18 
species, those known to eat or that were observed eating ripe huckleberries were 
ruffed grouse (Bonasa umbellus), cedar waxwing (Bombycilla cedrorum), American 
robin (Turdus migratorius), Canada jay (Perisoreus canadensis), and Western tanager 
(Piranga ludoviciana).

Bird species photographed in the huckleberry plants while berries were ripe 
included ruffed grouse, American Robin, Canada jay, Western tanager, and chipping 
sparrow (Spizella pallida). Dark-eyed junco (Junco hyemalis), spotted towhee (Pipilo 
maculatus), song sparrow (Melospiza melodia), MacGillivray’s warbler (Geothlypis 

Figure 2. 
Location of the Flathead reservation in northwestern Montana, USA, showing topography and landmarks 
within the reservation boundary, and an example of one of the study sites with huckleberry and beargrass in the 
foreground (CSKT maps, SKC photo).
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tolmiei), pine grosbeak (Pinicola enucleator), black-capped chickadee, and great horned 
owl (Bubo virginianus) were also photographed on or near huckleberry plants outside 
of the ripe berry season. There were multiple sightings of calliope hummingbird 
(Selasphorus calliope) visiting huckleberry flowers during peak flowering in person and 
in photographs including during a rain event and before daylight (Figure 3).

Mammals photographed feeding on huckleberries were chipmunk (Neotamias 
sp), deer mouse (Peromyscus maniculatus), red squirrel (Tamiasciurus hudsonicus), 
and black bear. White-tailed deer (Odocoileus virginianus), elk, snowshoe hare (Lepus 
americanus), and Northern flying squirrel (Glaucomys sabrinus) were photographed 
near huckleberry plants, but we did not have any pictures of feeding (Figure 4). We 
also observed moose scat and tracks close to huckleberry plants at one study site.

2.3 Huckleberry flowers and insect visitors

Flower-visiting insects were more specifically targeted with time-constrained surveys, 
net captures, photographs, and incidental sightings. The majority of visitors observed 
were in the Order Hymenoptera (bees, wasps, hornets, ants). Some Lepidoptera (butter-
flies and moths) and Diptera (flies) were observed including several bee mimics; clear-
wing moths (Hemaris sp.), day sphinx moths (Proserpinus sp.), and hoverflies (Family 
Syrphidae). Other insect visitors included beetles, ladybugs, and aphids.

Standardized, time-constrained (15 min) focal surveys of individual huckleberry 
plants were used to quantify the percentage of insects visiting huckleberry flowers. 
We conducted 359 focal surveys (approximately 90 hours of observations) during 

Figure 3. 
Some of the bird species photographed near huckleberry plants at study sites located on the Flathead reservation. 
Calliope hummingbird (top left), calliope hummingbird before daylight (top right), ruffed grouse (bottom left), 
and dark-eyed junco (bottom right) (SKC, USGS camera photos).
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huckleberry flowering 2018–2020. Insect visitors included 569 individuals observed 
during 309 of the surveys. The group most frequently visiting flowers was bees 
(50.4%), followed by vespids (wasps and hornets, 18.3%), dipterans (flies, 18.1%), 
large ants (6.5%), and other [lepidopterans (moths and butterflies, 2.5%), coleopter-
ans (beetles, 1.8%), and unidentified/other, 2.1%] (Figure 5). On multiple occasions, 
vespids were observed chewing through flower petals. Small ants were not counted 
because when observed there were usually large numbers moving around the plant. 
Bumble bees made up 85.6% of the total bees observed visiting flowers, the majority 
of bumble bees appearing to be queens based on size, which also aligns with the tim-
ing of queen bumble bee activity.

Most flower visitors other than bees do not actively forage for, or collect, pollen 
as a source of food for developing larvae. Vespids typically visit flowers either for 
nectar or to find prey [69] and our observations of vespids chewing holes in flow-
ers are a sign of nectar robbing [70]. Ants feed on nectar and may move pollen but 
they probably have a negligible role in pollination [71]. Some dipterans may feed on 
nectar, and some may be pollinators [72]. Lepidopterans are pollinators but were 
only occasionally observed visiting huckleberry flowers. Because bees were the 
most common huckleberry flower visitors and are known to be efficient pollinators, 
and many species specifically collect pollen as a food source for developing larvae; 
we concluded that bees, especially bumble bees, are the main pollinators of huckle-
berry flowers.

Figure 4. 
Some of the mammal species photographed near huckleberry plants at study sites located on the Flathead 
reservation. Snowshoe hare (top left), northern flying squirrel (middle left), white-tailed deer fawn (bottom 
left), black bear (top right), and deer mouse (bottom right) (SKC, USGS camera photos).
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2.4 Bumble bees as primary probable pollinators

Bumble bees are capable of sonication (buzz pollination) which might be neces-
sary to rapidly vibrate the globe-like flowers to access pollen from the recessed anthers 
[63, 64, 73]. Some other native bee species are also capable of sonication [19, 73] but 
only contributed to a small proportion of the total flower visitors. European honey 
bees can be efficient pollinators, but only nine individuals were observed during focal 
surveys at a single site and they are not capable of sonication [73]. Honey bees likely 
came from hives cultivated for honey at a lower elevation. This species is not common 
in huckleberry habitats in Montana where most cultivated hives are not located near 
montane forested areas.

Because we observed bumble bees to be the most frequent visitor of huckleberry 
flowers, we specifically captured them for non-lethal species identification. Bumble 
bees were captured with sweep nets at the huckleberry sites between the years 2018 
and 2021 using 45-minute standardized surveys. Each captured bee was placed in a 
vial labeled with the flower they were observed visiting if applicable then chilled in a 
cooler. Once the 45-minute capture period was complete, chilled bees were placed on 
gray cardboard, photographed from multiple angles using a close-up lens with ring 
lighting, then released. The photographs were submitted to a bumble bee specialist for 
identification.

There were 192 bumble bees that were both observed visiting flowering huckle-
berry plants and identifiable to species with confidence. From these, we identified 10 
bumble bee species visiting huckleberry flowers. These species were Bombus mixtus 
(fuzzy-horned bumble bee), B. vancouverensis, formerly B. bifarius (two-formed 
bumble bee), B. melanopygus (black-tailed bumble bee), B. sitkensis (Sitka bumble 
bee), B. flavifrons (yellow head bumble bee), B. rufocinctus (red-belted bumble bee), 
B. centralis (central bumble bee), and B. occidentalis (Western bumble bee); as well as 

Figure 5. 
Insects observed visiting huckleberry flowers at study sites on the Flathead reservation, Montana, USA.
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two cuckoo bumble bee species B. insularis (indiscriminate cuckoo bumble bee) and 
B. flavidus (Fernald cuckoo bumble bee) (Figure 6). The cuckoo bumble bees are nest 
parasites in the subgenus Psithyrus and as such do not actively collect and carry pollen. 
A few individuals of half-black bumble bee (B. vagans), Hunt’s bumble bee (Bombus 
huntii), and Nevada bumble bee (B. nevadensis), were also captured at huckleberry 
sites but not from flowering huckleberry plants. Similar to prior work in Montana 
[18], we found the same four bumble bee species accounted for the majority (86.4%) 
of the total captured and identified: B. mixtus, B. vancouverensis, B. melanopygus, and 
B. sitkensis (Figure 6).

2.5 Huckleberries need bumble bee pollination

To determine the value of pollination for berry production, field experiments are 
needed and yet uncommon [74], particularly studies that consider the influence of 
pollination of wild plants using exclusion experiments [75]. We conducted a pollina-
tor exclusion field experiment to quantify the potential importance of pollination 
for the development of huckleberries (Figure 7). We selected 120 huckleberry plants 
at one of the lower elevation (1250 m) study sites near Polson, Montana, USA, for 
this work. Half of these plants were covered with mesh bags sewn from nylon tulle 
netting to exclude natural pollinators and half were artificially hand-pollinated using 
pollen wands resulting in four treatments; (1) extra pollination: natural pollinators 
able to access flowers and plants also artificially pollinated by hand, (2) natural pol-
lination: pollinators able to access flower but no additional pollination, (3) artificial 
pollination: natural pollinators excluded but plants artificially pollinated by hand, 
and (4) no pollination: natural pollinators excluded and no additional pollination. 
Pollination treatments (extra pollination [630 berries], natural pollination [545], 
and artificial pollination [365]) had far more berries than the no pollination plants 
(63 berries).

Figure 6. 
Bumble bees captured from flowering huckleberry plants on the Flathead reservation, Montana, USA, and 
identified to species from photographs.
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Based on our observations, standardized focal surveys, and targeted captures, 
bumble bees were the primary visitors to huckleberry flowers. When bumble bees 
and other insects were excluded from pollinating huckleberry flowers, berry develop-
ment was greatly limited. Even in this highly natural system at a site with overall high 
productivity in the year of our research, we saw a significant effect of pollen limita-
tion on berry production.

3. Conclusions

Global climate change is resulting in warming temperatures and less precipitation 
in the Pacific Northwest [30]. Montana is also experiencing warmer temperatures 
that are predicted to increase by 3.1 to 5.4 degrees C by the end-of-the-century [67]. 
Precipitation in Montana has shown the greatest declines during winter months, 
particularly in northwest Montana. In Montana’s mountains, 62–65% of annual 
precipitation comes from snow. Snowpack in Montana has declined since the 1930s, 
particularly in the mountains surrounding the Continental Divide, and snowmelt is 
occurring earlier in the spring. Both of these trends are likely to continue with warming 
temperatures [67] and have led to large shifts in the phenological start of spring for 
vegetation, though the direction of change varies spatially [76]. In addition, forest pests 
and pathogens are predicted to increase [67]. Tribal elder observations further sup-
port shifts in weather patterns, less snow, and warmer temperatures in Montana, from 
observations within their lifetimes and knowledge gained from prior generations [77].

Climate-related changes have resulted in documented shifts in the range of 
huckleberry plants and timing of berry ripening in some locations [28, 33]. Models 
further suggest that the range of huckleberry will decrease at lower altitudes and at 

Figure 7. 
Photograph of a subset of the 120 huckleberry plants (60 within tulle netting) included in a pollinator exclusion 
study on the Flathead reservation, Montana, USA (SKC photos).
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the southern edge of their distribution range and perhaps shift to higher altitudes and 
northward, although germination or other constraints may influence this [28, 33]. 
Such changes in location, number, health, and timing for accessing traditional foods 
may alter cultural connections and is a concern of tribal communities [77]. The Séliš 
and Q̓l̓ispe̓ people refer to August as St̓šá Spq̓ni (Month of the Huckleberry) yet at 
some sites we found ripe berries as early as June. Tribal elder interviews concerning 
climate change mention huckleberries specifically. For example, Sadie Saloway said, 
“The huckleberries are just disappearing so fast” and Stephen SmallSalmon said, “We 
changed that…about the weather. You could tell by the choke cherries getting smaller 
and the huckleberries getting smaller. I saw that happen.” Threats posed by climate 
change have the potential to threaten native cultures and traditional ways of life [77].

The potential shifts in huckleberry range, numbers, and phenology could also 
impact the crucial interactions between bumble bees and huckleberries. In Colorado, 
there is documentation of a growing phenological mismatch between glacier lily 
(Erythronium grandiflorum) and the emergence of its primary pollinator, the Western 
bumble bee [78], a species under consideration for listing at the time of publication 
under the U.S. Endangered Species Act [79] and also found visiting huckleberry 
flowers at our field sites and others in Montana [18]. Similar mismatches in phenol-
ogy could potentially become an issue with huckleberry and the bumble bee species 
necessary for pollination if changing conditions lead to differences in flowering and 
the spring emergence of queen bumble bees. Increased variability in weather in some 
years that leads to long periods of rain, high winds, or cold temperatures that limit the 
ability of bees to fly around during flowering could also restrict pollination. Based on 
our research, mismatched phenology or other climate-related changes could result in 
years with few to no berries available for the multiple species that depend on them.

Changes in huckleberry availability and phenology could also have concerning 
impacts for bumble bees in montane forest habitats. Huckleberries are some of the 
first and only flowering plants available in montane forest sites in northwest Montana 
when bumble bee queens emerge from hibernation in the spring. Recent research 
highlights the role of forests during the queen lifestage [80]. Bumble bees at these sites 
likely rely on early-flowering plants such as huckleberry for nectar and pollen to begin 
new colonies. Seed production can be reduced when flowering of spring ephemeral 
plants proceeds the emergence of bumble bee pollinators [46].

Declining numbers of bumble bees could also be of concern to huckleberry ecol-
ogy. It is estimated that as many as one in four North American bumble bee species 
are being negatively impacted by some level of stress [81]. Habitat changes may be the 
primary stressor threatening bumble bee populations as well as stress from parasites, 
pesticides, and lack of flowers [82, 83] and climate change is predicted to lead to 
further bumble bee declines and range losses in the future [84, 85].

This chapter has illustrated the exceptional value of wild huckleberry to the 
ecology and people of the Pacific Northwest of North America. Our work in Montana 
has further added documentation of the birds, mammals, and insects that are at 
least incidental visitors to huckleberry plants. We added to the knowledge of spe-
cies that specifically visit huckleberry flowers for pollen and nectar. We were able to 
provide further support that the primary probable pollinators of huckleberry flowers 
are bumble bees. Finally, our research used exclusion experiments in the wild to 
definitively quantify the significance of bumble bee pollination for the development 
of huckleberries. More information is needed to better understand the ideal condi-
tions for huckleberry health and productivity, ability to spread to newly suitable 
areas, potential impacts of fire suppression and climate change, ecological role of 
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Chapter 3

Raspberry and Blueberry Viruses
Melike Yurtmen

Abstract

Berry fruits are nutrient-rich foods and proved to be beneficial for human health. 
High nutraceutical properties of these fruits, in particular, blueberries and raspberries, 
such with exceptionally high antioxidant levels, fiber, and a low natural sugar content 
have an important criterion for the marketable value as well. Thus, they are defined 
as functional foods. Naturally, rapid increases in their production and consumption 
rates during recent years, therefore, make sense. In the cultivation of these berry 
crops, satisfactory yields and quality of the produce posed a threat by certain pests in 
the world. Blueberries and raspberries are also infected with viruses that have been 
identified as new viruses on top of existing ones as a result of expanding cultivation 
areas around the world. Incurable plant pathogenic viruses cause major damage to the 
members of blueberry and raspberry as if serious yield losses and longevity of plant-
ings. This chapter is intended to compile knowledge of pathogenic plant viruses that 
infect blueberry and raspberry plants. Herein, a review of geographic distribution, 
importance, symptoms, transmission, detection, and management of these berry 
viruses are provided for the readers.

Keywords: pathogenic plant viruses, Vaccinium, Rubus, blueberry, raspberry, 
management strategies

1. Introduction

Blueberry and raspberry production is increased worldwide toward consumer 
demand over the last decades. Accordingly, cultivation of these fruit crops expanded 
to new areas in the world. Hereby, viruses infecting plants which prevent their growth 
and production increased in number significantly year by year since the beginning 
of this millennium. Pathogenic plant viruses pose a threat to their producers since no 
curative treatment exists [1]. However, not all viruses cause serious damage to plants, 
but some are widespread and destructive. Major losses in terms of quantity and 
quality of the crop are caused by these destructive viruses. Besides, members of the 
blueberry and raspberry plants are known to be hosting a wide range of pathogenic 
viruses which, especially when present as mixed infections, most probably cause 
severe symptoms and greatly affect the yield and viability of the plant. These viruses 
impact their growers by inducing weak stand establishment and fruit quality, reduced 
yield, and plant decline. However, symptoms caused by viral diseases in plants vary 
from being completely asymptomatic to dying of the plant. This symptomatic range 
is affected by several factors for instance weather conditions, the growing methods, 
and the age and type of the cultivars. At the beginning of all, to understand what the 
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virus is, how it spreads, and how it is determined and controlled is utmost important 
to manage diseases induced by viruses. Considering all these aspects, knowledge of 
pathogenic plant viruses infecting blueberry and raspberry plants in particular is 
reviewed in terms of their geographic distribution, importance, symptoms, transmis-
sion, detection, and management strategies in this chapter.

2. Understanding plant viruses

Plant pathogenic viruses are highly infectious, submicroscopic, and obligate 
intercellular parasites with a DNA or RNA core. The nucleic acid is the infectious part 
of the virus surrounded by a protein coat to be able to replicate within the living cells, 
and the protein coat is the protective part of the particle. They are too small to be 
seen with the human eye, but they can be observed with electron microscopes. Their 
taxonomic classification is based on chemical compounds as well as morphologic, 
biologic, pathologic, and molecular features. The given names, which are in English, 
are taken from the plant that they infect, the unique symptoms they cause, and the 
agent that causes them.

Plant pathogenic viruses are immobile agents and need to be spread from infected 
to healthy plants or plantations via several means of transmission. Their transmission 
can be divided into two types and are called as vertical transmission and horizontal 
transmission.

Vertical transmission occurs when the progeny of an infected parent plant inher-
its the virus through seeds or pollen, as well as vegetative propagation. Horizontal 
transmission occurs between generations via fungi, invertebrate vectors (nematodes, 
insects, and mites), human pruning shears and tools, and other types of direct, 
external contamination [2, 3].

Aphids, whiteflies, thrips, and leafhoppers are the most important plant virus vec-
tors because they have piercing–sucking mouth parts that allow the insects to reach 
and feed on the contents of plant cells. Among these, aphids and whiteflies are the 
most capable of transmitting virus species.

The virus is spread by sap-sucking insects in two ways: persistent transmission and 
non-persistent transmission. The time an insect takes to acquire and transmit a virus 
determines the differences.

Pathogenic plant viruses are classified into two types based on their spread 
distance from their origin. The transfer of contaminated propagation material allows 
viral infections to spread over long distances. The viral diseases can spread locally 
(short-distance movement) by pollen from infected plants or by direct contact by 
vectors such as nematodes, aphids, thrips, soil-borne fungi, and leafhoppers.

When a pathogenic virus enters a region or country, its host range determines its 
spread. The majority of plant viruses, on the other hand, have a diverse spectrum of 
alternate hosts.

Initially, to spot virus-induced host plant problems, it is necessary to understand 
what a healthy plant looks like! Some plants have characteristics or habits that, at 
certain phases of development, can be misinterpreted as disease symptoms. Plants 
can also develop virus-like symptoms in reaction to adverse weather conditions, soil 
mineral/nutrient imbalances, infection by non-viral pathogens, insect/mite/nema-
tode pest damage, air pollution, pesticides, and other factors.

A virus’s pathogenic potential is revealed by its capacity to infect one or more 
plant species and create observable symptoms. Plant symptoms are frequently used 
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to define a viral-etiology disease and to locate infected plants in order to control 
the disease. When symptoms are specific to a disorder, visual inspection is usually 
straightforward. Many factors, such as virus strain, host plant cultivar/variety, 
infection period, and habitat, may influence the symptoms shown. Some viruses may 
provide no obvious signs or asymptomatic disease. Furthermore, different viruses can 
generate the same symptoms in the same host, or different strains of the same virus 
can cause different symptoms in the same host.

Plant viruses create significant economic losses and threaten sustainable agricul-
ture. There are no antiviral chemicals available to heal plants once they have been 
infected by a viral pathogen. Control strategies that are effective can considerably 
reduce or prevent the disease from arising. In this step, virus identification is a 
required initial step in the management of a virus-caused disease. Plant viruses can be 
difficult to detect since the typical symptoms are similar to herbicide injury, air pol-
lution damage, mineral deficiencies, and other plant diseases, or more than one virus 
infection. As a result, identifying viral infection is frequently required.

A critical component of every crop management system is the early and accurate 
detection of plant diseases. When it is determined that a virus is the cause of a disease, 
a set of tests are required to determine its identity. Even though identifying a virus 
or virus complex involves one or more other diagnostic techniques, symptom assess-
ments play a significant part in the diagnostic process.

Understanding the biology of the virus such as virus properties, host range, vector, 
and inoculum sources is required for effective disease management. It is difficult to 
eliminate pathogens without harming the host plant due to their nature. As a result, 
the majority of management techniques for plant viruses are aimed at preventing 
plant infection.

This page discusses blueberry and raspberry viral infections in light of this 
understanding.

3.  Viruses infecting blueberry (Vaccinium corymposum L.; V. augustifolium 
Ait. and V. ashei Reade)

3.1 Blueberry fruit drop associated virus (BFDaV)

The virus is a member of the genus Vaccinivirus in the family Caulimoviridae. 
BFDaV has a DNA genome and can detect through polymerase chain reaction (PCR). 
The only host of BFDaV is blueberry (Vaccinium corymbosum). As a disease, fruit 
dropping of blueberry was first detected in Canada (British Colombia) in the late 
1990s. The virus was then observed in the USA in 2012. Young leaves show the red col-
oration of the veins, and the corolla of the flowers exhibits red striping while bloom-
ing. These symptoms stay only in the blooming period, and then, the plants appear as 
if normal. More symptoms are described as aborting the fruits (3–5 mm in diameter) 
around 100% in infected bushes nearly 3 weeks before harvest. Therefore, during the 
harvest, infected blueberry plants look taller compared to healthy ones [4].

3.2 Blueberry latent spherical virus (BLSV)

In Japan, Blueberry latent spherical virus (BLSV) was isolated from an asymp-
tomatic highbush blueberry. It is a Nepovirus [5]. It can detect by reverse transcrip-
tion-PCR (RT-PCR). The virus was reported as present in blueberries but with no 
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symptom expression. Thus, the virus infections call as latent in blueberry trees. BLSV 
epidemiology and mode of transmission have not been determined yet.

3.3 Blueberry latent virus (BBLV)

Blueberry latent virus is present in the USA, Canada, and Japan. It is symptomless 
and does not have negative effects in mixed infections. As a result, the virus’s preva-
lence is of minor concern. It is transmissible by pollen and seed. Taxonomically, it 
belongs to the genus Amalgavirus and is possible to detect by RT-PCR [6].

3.4 Blueberry leaf mottle virus (BLMoV)

Blueberry leaf mottle virus is reported from blueberry and its hybrids from 
Canada and USA. It spreads by seeds and pollen—1.5% of blueberry seedlings from a 
contaminated bush [7]. Although it is a Nepovirus, no means of nematode transmis-
sion has yet been identified. It occurs naturally in highbush blueberry (V. corymbo-
sum) and its hybrids with a grapevine (Vitis vinifera, Vitis labrusca).

The highbush blueberry cultivars ‘Jersey’ and ‘Rubel’ are affected negatively by 
this virus disease. The onset of symptoms is monitored after 4 years of the latent 
period from the initial infection. Stem dieback and stunting are developing symptoms 
of infected bushes. Malformed and mottled leaves caused by the shortening inter-
nodes appear as if piled on top of one another. Pale yellow-green leaves are smaller 
than the ones on uninfected bushes. Nearly no yield is harvested [8]. Virus presence 
was reported in wild species of blueberries. Detection of the virus by ELISA and/or 
RT-PCR is available.

3.5 Blueberry red ringspot virus (BRRSV)

Red ringspot disease has been described by Hutchinson [9], and Hutchinson & 
Varney [10]. It is then assigned to the Soymovirus genus with a DNA genome in the 
family Caulimovididae. Highbush blueberry (V. corymbosum L.) is the host, and symp-
tom expressions are observed on leaves, stems, and fruits [11]. The virus is present in 
the USA, Japan, the Czech Republic, Slovenia, and Poland [12–16]. It is a dsDNA virus 
and is available to diagnose by PCR [17, 18]. It is found in nature only in Vaccinium 
spp. The only known mode of transmission is vegetative propagation.

Very characteristic red ring spots are observed on at least one older stem. Mature 
leaves have 2 to 6 mm diameter pale green-centered reddish-brown circular markings. 
In mid to late summer, these symptoms appear on the upper surface of the leaf. This is a 
diagnostic symptom, but sometimes rings are visualized on both sides of the leaf in some 
cultivars. Red-stemmed or dark cultivars may have masked on matured stems [19].

Reddish rings appear on green fruits and hide as they ripen. Small, deformed, and 
late-ripening berry fruits are distinguishing symptoms of BRRSV.

3.6 Blueberry shoestring virus (BlSSV)

Blueberry shoestring virus (BSSV) belongs to the genus Sobemovirus, an RNA-
containing virus, transmissible by aphids. The only known host of BlSSV is blueber-
ries. It is present in the USA and Canada [20, 21]. The disease can be diagnosed by 
enzyme-linked immunosorbent assay (ELISA) and RT-PCR. After 4 years of latent 
period, symptoms are recorded. The spread of the virus in an infected blueberry area 
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occurs horizontally from one bush to another [22]. Elongated (0.2–1.2 cm) reddish 
stripes that disappear by the growing season are the most distinct symptom on the 
stems. Flower breaks, strap-like, narrow, and curled leaves are also observed. A sig-
nificant reduction in the yield of infected bushes has been reported [21–24]. Disease 
resistance is known for ‘Blueray’ and ‘Atlantic’ cultivars of blueberries [25]. BSSV is 
cited under the most common highbush blueberry (V. corymbosum) viruses. Yield 
losses may reach up to 25% of infected bushes [15]. In 1981, a $3 million yield loss 
caused by BlSSV has been recorded in the USA. One of the most significant economic 
damages to highbush blueberries is caused by BlSSV [14]. Mechanical inoculation of 
the virus on blueberry seedlings or rooted softwood cuttings is possible [20].

3.7 Blueberry virus A (BVA)

BVA was first reported in Japan in the ‘Spartan’ highbush blueberry cultivar. The 
presence of the virus is known in Canada and the USA. Blueberry virus A has a latent 
infection in blueberries [26, 27]. It is assigned to the family Closteroviridae, but not 
yet to a genus. Detection is available by RT-PCR [26]. BVA has no specific symptom 
expression in single infections. Therefore, no data is available on the economic dam-
age to the blueberry industry.

3.8 Blueberry mosaic associated virus (BlMaV)

The mosaic disease of blueberries has been recorded in the 1950s and is suspected 
to be a virus since it was transmitted by grafting [23]. It was reported not only from 
mosaic-affected blueberries but also from symptomless plants.

Yellow, yellow to green, and pink coloring, mosaic and mottling of the leaves, 
late ripening with low quality of the fruits, and reduction in yield are the symptoms 
induced by BlMaV [23, 28]. BlMaV as a member of the family Ophioviridae was 
detected in tested plants with symptoms [29]. The presence of the virus is reported in 
North and South America, Asia, Europe, New Zealand, and South Africa [27, 30, 31]. 
Blueberry mosaic spreads slowly in the field by unknown means. This disease is of 
relatively little concern.

3.9 Blueberry necrotic ring blotch virus (BNRBV)

The virus (BNRBV) was reported first with necrotic ring blotch symptoms in 
highbush blueberries in the USA in 2006 [27]. It is a new genus, Blunervirus, with 
an RNA genome [32, 33]. Detection of the virus is available by RT-PCR. IBlueberries 
infected with the virus displayed distinct necrotic rings with green cores, but when 
the rings joined. Earlier defoliation can be observed on severely infected bushes that 
are confused with Septoria leaf spot disease. BNRBV, unlike BRRV, infects all the leaf 
surfaces without any stem symptoms.

3.10 Blueberry scorch virus (BlScV)

In the 1980s, it is found in blueberries in the USA. No symptoms occur on tolerant 
cultivars. However, necrosis on flowers and young leaves is observed on sensitive 
cultivars. Die-back of twigs has also been recorded. The degree of blighting severity 
determines the size of the bearing fruits. Twig die-back allows lateral buds to develop 
and form branches later in the season below the point of necrosis. The productivity of 
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infected plants that show symptoms declines year by year, and finally, the plants die 
[34]. BlScV can cause a serious economic impact due to loss of yield and premature 
death of plants. Aphid vector spreads the virus in nature [34]. The virus belongs to the 
Carlavirus genus with an RNA genome. Diagnostic techniques based on ELISA and 
RT-PCR are also available for virus detection [35].

3.11 Blueberry green mosaic-associated virus (BGMaV)

The virus was discovered first in 2006 as a novel Vitivirus from a blueberry plan 
showing green mosaic symptoms [27]. It is named as ‘blueberry green mosaic-associated 
virus’ (BGMaV). It has an RNA genome, and its vector is unknown [36, 37]. Green-
centered necrotic rings can also be confused with the ones induced by fungal pathogens 
in blueberries [27]. It is detectable by RT-PCR and presents only in the USA [27].

3.12 Blueberry shock virus (BlShV)

Shock symptoms of blueberries have been reported first in 1987 in the USA and 
then correlated with Blueberry Scorch Virus. It is an Ilarvirus and is transmitted by 
pollen. BlShV moves by wind and bees during pollination [38]. Diagnosis of the virus 
is available by ELISA or RT-PCR.

After the initial infection, symptom expressions take up to 2 years. Bushes dem-
onstrate a ‘shock reaction’ the year after infection, with flowers and foliage blighting 
in early spring. Sudden dieback of young vegetative shoots and flowers, necrosis and 
blighting in flowers, defoliation, and lack of fruit set are the symptoms observed. 
Plants may not show symptoms in spring growth following the first symptom expres-
sion. Partially blighted bushes show symptoms the year after although they were 
symptomless wood the year before. Infected blueberries normally bring into flowers 
after 1–3 years and bear fruits as if normal although they are still infected and the 
source of inoculum [34, 38–40].

3.13 Peach rosette mosaic virus (PRMV)

Rosette mosaic disease of peaches was discovered as the virus in the 1970s. It is then 
reported from grapes and blueberries [41–43]. Symptoms observed in blueberries are 
distorted, malformed, and uneven distribution of bushes in the plant. Yield losses 
due to the PRMV infection in blueberries are not known. The presence of PRMV is 
recorded in Canada and USA. It is an RNA virus and is classified as a Nepovirus with 
soil-borne nature [44–46]. Virus detection is available by ELISA and RT-PCR.

4. Viruses infecting raspberry (Rubus idaeus L. and Rubus occidentalis L.)

4.1 Apple mosaic virus (ApMV)

ApMV is in the Ilarvirus genus with an RNA genome and has a wide variety of 
host plants in the Rosaceae family worldwide [47]. It spreads by pollen. The pres-
ence of ApMV is detected in R. idaeus R. occidentalis and R. ursinusin [48–50]. The 
virus is symptomless in Rubus. However, some R. idaeus plants in Germany showed 
symptoms of yellow mottling and/or line patterns [48]. Virus detection is available 
by ELISA and RT-PCR.
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4.2 Arabis mosaic virus (ArMV)

ArMV was discovered for the first time in the 1940s [51]. The virus infects about 
100 plant species from roughly 30 families, producing considerable losses in the 
majority of them [52, 53]. It is a Nepovirus that is spread by nematode vectors [54, 55]. 
ARMV can be detected using ELISA and RT-PCR. Raspberry cultivars have genetic 
resistance to ArMV [56].

4.3 Black raspberry necrosis virus (BRNV)

The virus was first detected in black raspberry (R. occidentalis L.) in 1955 [57] by 
inducing latent or mild symptoms in red raspberry (R. idaeus L.) cultivars and severe 
cane tip necrosis in black raspberry [58]. It belongs to the Secoviridae family with an 
unassigned genus. Its transmission in nature occurs by the raspberry aphids and is 
distributed worldwide where raspberries are produced [59]. RT-PCR is available for 
virus detection. Rubus is the genus hosting BRNV with its wild and cultivated species. 
Although BRNV is symptomless in several commercial species, it is still on the list of 
the most important viral pathogens of Rubus spp. Some BRNV-infected red raspberry 
cultivars show chlorotic spots and venial chlorotic mottle in leaves, but most of them 
are symptomless carriers of the virus. Symptoms caused by the virus can be listed 
as leaf chlorosis, mottling, and puckering. Infected plants do not yield fruits within 
3–4 years [60]. Shorter and thinner canes and smaller fruits are also induced by the 
virus in sensitive cultivars. Yield loss caused by the virus decreases up to 30% in sensi-
tive cultivars [61].

4.4 Cherry rasp leaf virus (CRLV)

CRLV is a type member of the Cheravirus genus [62]. It is spread by the nematode. 
RT-PCR can be used to diagnose the virus. The virus is found naturally in North 
America. Rubus has only been identified in a few red raspberries shipped from 
Canada to Scotland [63]. There is no information concerning the economic impor-
tance of the virus in commercial Rubus crops.

4.5 Cucumber mosaic virus (CMV)

CMV occurs worldwide in many different plant species [64], including Rubus 
spp. The virus is a member of the Cucumovirus genus with an RNA genome and 
is transmitted by many aphid species in nature [65]. CMV is also seed transmitted 
in several of its hosts [64], but not in raspberry seedlings. Detection of the virus is 
available by ELISA and RT-PCR. It is reported in Rubus only from Britain and Eastern 
Russia. The first report of the virus is from a few plants of R. idaeus L. cv. ‘Lloyd 
George’ in Scotland [66]. The second record of the virus comes from Scotland [67] 
and the Soviet Far East [68]. The virus is symptomless in cultivated brambles [67]. It 
has mild foliar symptoms in red raspberries although it is lethal in R. phoenicolasius 
Maxim [66–68]. Some raspberry cultivars show chlorotic mottling and blotching 
while red raspberry cv. ‘Lloyd George’ has pale green blotching of the leaves with no 
apparent effect on plant vigor or fruiting [66]. Foliar chlorotic ringspot symptoms are 
recorded by the single CMV infection of red raspberry with no obvious degeneration 
in vigor. Small leaves with bright chlorotic mottling were another symptom detected 
in infected raspberries (cv. ‘Visluha’) [68]. However, infected R. phoenicolasius plants 
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show chlorotic blotch and line patterns in leaves which become bright yellow in sum-
mer, decline in vigor, and death of the plants in 3–4 years [67].

4.6 Raspberry bushy dwarf virus (RBDV)

RBDV belongs to the Idaeovirus genus with an RNA genome. It is a pollen and 
seed-borne virus [69]. Laboratory tests are available by ELISA and RT-PCR. The 
virus infects many Rubus species and cultivars worldwide. There are resistance-
breaking (RB) isolates of the virus infecting raspberry cvs (Glen Clova, Malling 
Admiral, Malling Delight, Malling Jewel, Willamette, Haida) which are known to 
be immune to the common strain of RBDV [70, 71]. The RB isolates are recorded 
from Europe. Pollen-borne nature of the virus causes drupelet abortion thus 
crumbly fruit forms in some red raspberry cultivars. RBDV infection alone is 
symptomless in red raspberry cultivars. However, crumbly fruit disease can be 
observed in mixed infections. Mixed infection of RBDV with BRNV induces 
dwarfing and shoot proliferation in red raspberries, a typical bushy dwarf condi-
tion. The origin of virus name is derived from mixed infection of the plants with 
RBDV and BRNV [72].

4.7 Raspberry latent virus (RpLV)

The virus is not yet assigned taxonomically. It is an aphid-borne virüs with an RNA 
genome and is detectable by RT-PCR [56]. It was identified from a red raspberry cv. 
Glen Prosen with leaf spot symptoms and therefore was named before as raspberry 
leaf spot virus in 1988 [73]. A typical symptom induced by the virus is the formation 
of a few, stunted canes which are very prone to autumn fruiting.

4.8 Raspberry leaf blotch virus (RLBV)

RLBV as a member of the Emaravirus genus with an RNA genome is readily 
diagnosed by RT-PCR. It has been originally described in the red raspberry cv. Glen 
Ample in Scotland and Serbia [74]. It is responsible for leaf blotch disorder which 
was found before in Tayberry and correlated with the infestation of plants with the 
raspberry leaf and bud mite, Phyllocoptes gracilis [75]. This virus causes symptoms 
such as yellow and light green leaf blotches and patches, distortion of leaf margins, 
and leaf twisting. However, these symptoms were associated with the feeding damage 
of mites which is widespread in Europe and North America.

4.9 Raspberry leaf curl virus (RpLCV)

RpLCV is reported first in the 1920s [76] and has hosts limited by the genus Rubus. 
The virus so far is not yet characterized. It is an aphid-borne virus. No laboratory 
diagnostic tool is available for the virus. The presence of the virus is reported only 
in the United States and Canada. Infected red raspberries show severe symptoms of 
curled, distorted, and chlorotic leaves in the following growing season right after 
infection. Shoots with extreme shortening of the internodes are dwarfed. Crumbly, 
seedy or small fruits are set in infected plants and naturally, plant yield is severely 
reduced. Since the virus spread is very slow in the field, there is no significant loss in 
terms of economic value [56, 77].
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4.10 Raspberry leaf mottle virus (RLMV)

The virus is an aphid-borne Closterovirus with an RNA genome and is readily 
detectable by RT-PCR. It was first identified in 1924 as producing ‘raspberry mosaic 
disease’ (RMD). RLMV is a widespread virus in Europe and North America. It has 
a latent infection in most of the red raspberry cultivars although some diagnostic 
symptoms are induced in a few of them. It is the member of a disease complex induc-
ing mosaic disease in raspberries along with rubus yellow net virus (RYNV) and black 
raspberry necrosis virus (BRNV). Additionally, RLMV is responsible for producing 
“raspberry crumbly fruit” syndromes together with the raspberry latent virus (RpLV) 
and raspberry bushy dwarf virus (RBDV) in a disease complex [56].

4.11 Raspberry ringspot virus (RpRSV)

RpRSV is a Nepovirus with an RNA genome transmissible by pollen, seed, and 
nematode [78]. Laboratory tests are available by ELISA and RT-PCR. It was first 
described in the 1950s as the causal agent of the raspberry leaf curl disease [79]. The 
virus is present in Europe and has a very wide range of host plants belonging to at 
least 14 families [80]. The virus resistance has been reported in red raspberries [56].

4.12 Raspberry vein chlorosis virus (RVCV)

The virus as a member of the Rhabdovirus genus with an RNA genome has an 
aphid vector [81] and is detectable by RT-PCR. RVCV was first described in 1952 and 
is widespread in New Zealand, the UK, and Europe, causing stunted cane growth and 
reduced vigor thereby reducing yield in particular with mixed infection. A notable 
symptom caused by the virus is characteristic chlorosis of the minor leaf veins in 
field-grown red raspberry plants.

4.13 Rubus yellow net virus (RYNV)

RYNV is an aphid-transmitted Badnavirus with a DNA genome and is detect-
able by PCR [82]. RYNV is a member of a disease complex inducing mosaic disease 
in raspberries along with raspberry leaf mottle virus (RLMV) and black raspberry 
necrosis virus (BRNV). The virus infects all the cultivars of red raspberries and most 
of the cultivars and hybrids of blackberries in North America and Europe [61]. It 
is symptomless in all red raspberries and although veinal chlorotic mottle or line-
pattern symptoms may be observed in some of them. Yield losses of 30–75% in the 
first year and up to 15% in following years have been documented as a result of the 
combined infection with the black raspberry necrosis virus [83]. The rapid spread of 
the virus is correlated with the vector aphid population [56].

4.14 Sowbane mosaic virus (SoMV)

It is a pollen and seed-borne virus with an RNA genome belonging to the genus 
Sobemovirus. Laboratory tests are available by ELISA and RT-PCR. It was named 
first as Rubus chlorotic mottle virus (RuCMV) but then classified as Rubus strain of 
sowbane mosaic virus (SoMV-R). It was found recently in Scotland, in red raspber-
ries and wild blackberries (Rubus fruticosus) [84]. Rubus strain of the virus is not seed 
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transmitted. It is widespread [85]. Identical symptoms produced by SoMV-R are the 
reverse curling of the tip leaves in R. idaeus ‘Gaia’ temporarily and diffuse chlorotic 
spots in blackberry leaves.

4.15 Tomato black ring virus (TBRV)

It is transmitted by pollen, seed, and nematode and belongs to the genus 
Nepovirus with an RNA genome. Laboratory diagnosis of the virus is available by 
ELISA and RT-PCR. It is described in 1946 [25, 86] and has a very large host range 
including Rubus spp. It is present in Europe, Japan, India, and Saudi Arabia. The virus 
together with RpRSV in mixed infection causes diseases named raspberry leaf curl 
or raspberry ring spot based on the cultivar. The virus’s host range is as broad as that 
of other nematode-transmitted viruses. Resistance to TBRV has been identified in 
blackberry and raspberry cultivars [56].

5. Common viruses infecting blueberry and raspberry

5.1 Cherry leaf roll virus (CLRV)

The virus is a member of the Nepovirus genus with an RNA genome and is 
detectable by ELISA and RT_PCR [87]. It is a pollen and seed-borne virus and is 
transmissible by nematodes. It was found in blackberies first in England [88]. It 
was reported as sometimes being lethal in Rubus armeniacus ‘Himalaya Giant’. The 
second record came from cultivated red raspberries in New Zealand showing vigor 
depression and severe leaf symptoms [89]. The virus is reported with a wide natural 
host range around the world [90]. Chlorotic mottling and line patterning in leaves 
are produced in the blackberry cv. Himalaya Giant by CLRV. CLRV-infected red 
raspberry cultivars have stunted and deformed leaves with severe chlorotic mottle 
and ring and line patterns.

5.2 Strawberry latent ringspot virus (SLRSV)

It is an RNA virus and not yet assigned species in the Secoviridae family [91]. 
The virus is detectable by ELISA and RT-PCR. SLRSV has a very wide host range 
including more than 125 plant species belonging to 27 families and is transmissible 
by nematodes, pollen, and seed [92]. Yellowing and stunting in blackberry and 
raspberry are the symptoms observed. The virus is reported from Rubus plants 
only in Europe. Blackberry and raspberry cultivars have the sources of resistance 
to SLRSV [56].

5.3 Tobacco ringspot virus (TRSV)

TRSV is a member of the genus Nepovirus with an RNA genome [93, 94]. 
Laboratory analyses are available by ELISA and RT-PCR. It is a pollen and seed-borne 
virus transmitted by nematodes. TRSV has a worldwide distribution. It was identified 
first in 1917 [95]. The presence of the virus in Rubus is reported in the USA, from wild 
blackberries [96]. TRSV in single infections produces mild or no symptoms. However, 
severe symptoms are produced when co-infection occurs with other viruses. The only 
resistant cultivar to the common strain of the virus is reported as ‘Jersey’.
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5.4 Tomato ringspot virus (ToRSV)

The virus is classified in the Nepovirus genus and has an RNA genome. It is 
transmitted by nematodes and is detectable by ELISA and by RT-PCR. The first 
isolation of the virus in Rubus was in 1938 in Canada [56]. The virus has a wide host 
range from 35 families [97]. In raspberry production, the virus can induce a serious 
problem. Blackberries can be infected by ToRSV as well [98, 99]. In raspberries, canes 
were partially or completely killed 3 years after becoming infected within 10–80% 
[100]. Infected raspberry plants have no symptoms in the first year. Meanwhile, 
following spring, some of the primocanes exhibit yellow rings, line patterns, or vein 
chlorosis in the leaves which may be called shock reactions although the symptoms are 
infrequent in the following years. The disease’s red raspberry symptoms vary accord-
ing on the cultivar, the length of the infection, and the stage of growth of the plants. 
Fruiting canes are delayed, with varied degrees of chlorosis on the leaves and a large 
proportion of deformed or crumbly fruit, as well as an overall fall in vigor as output 
decreases [101].

6. Management of virus diseases

There are a few alternatives for reducing the impact of plant virus diseases [102], 
but no anti-viral cure that block or interfere with virus infection have been identified. 
It is, therefore, plant virus disease management strategies based on conventional and 
non-conventional methods. In conventional methods, pest control, cultural control, 
development of virus-free/virus-tested plants, quarantine regulations, and breeding 
programs are employed.

Pathogen resistance is being employed in non-conventional ways. Coat protein, 
movement protein, replicase, satellite RNA, and antisense RNA all contribute in 
pathogen-derived resistance.

Insecticides are used to suppress viral vector populations.
Monitoring for virus-like symptoms, removing and burning of infected plants, and 

identifying alternate and reservoir hosts are all cultural techniques. Plants that show 
signs of infection should be inspected on a regular basis and removed. Remove weeds 
and plant debris that may harbor the disease. They should not be buried or composted.

The distribution of healthy plant material is a key step in preventing the spread of 
harmful viral infections that might accompany plant germplasm mobility. Alternative 
hosts act as virus reservoirs and cultural controls, as well as having a substantial 
impact on epidemiology.

Blueberry and raspberry plants are vegetatively multiplied perennial crops. One of 
the greatest ways for reducing the disease effect generated by pathogenic plant viruses 
is to establish orchards using virus-tested stock that is devoid of targeted viruses [1]. 
Apical meristem culture and/or chemotherapy/thermotherapy are used to generate 
virus-free/virus-tested category plants.

Quarantine regulations is a must to be followed during plant material import and 
export. Plant quarantine is a bio-security tool used to restrict the introduction and 
spread of economically relevant pests of plants or plant products that are not yet 
present in an area or are present but are not extensively distributed and are under 
official control [103, 104]. Consumer demand for these fruits has led to a rise in global 
output in recent years. Viral infections are easily spread since these crops are typically 
propagated and disseminated as vegetative cuttings.
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Traditional breeding is used to create virus-tolerant/resistant cultivars; however, it 
is a time-consuming process that is not always practical or available.

The key ingredients in deciding which control measures to use and whether to use 
them alone or in combination with others are thorough epidemiological knowledge 
of the pathosystem in question, as well as solid information on the selectivity, mode 
of action, effectiveness, and reliability of each measure, as well as how to respond. To 
be adopted, control systems must be ecologically and socially sustainable, resilient, 
low-cost, and consistent with ordinary farming operations.

Virus epidemics in cultivated plants provide a global challenge to achieving 
acceptable yields and product quality. To confront this challenge, a more sophisticated 
and broad set of host resistance, cultural (phytosanitary and agronomic), chemical, 
biological, and legislative control techniques are becoming accessible. Knowing which 
elements limit viral epidemics in natural plant communities and primitive subsistence 
farming systems has aided in their evolution.

In Brief:

1. It is strongly advised to use certified, micro-propagated, virus-tested, and 
if  possible, disease-free stock to establish nursery blocks and commercial 
 plantings.

2. To control nematode-transmissible viruses, pre-plant soil testing for the 
 presence of nematodes is advised, followed by pre-plant fumigation with an 
 approved nematicide if vector nematodes are identified.

3. To eliminate new, latent infections, remove diseased plants as well as symptom-
less plants beyond the symptomatic plants in each direction.

4. Chemicals used to manage the vector, such as those targeting the mite or insect, 
may aid in reducing losses due by virus infection.

5. Weed removal to reduce possible in-season and overwintering viral reservoirs.

6. When available, choose resistant or tolerant cultivars or get transplants from a 
trustworthy supplier.

7. Disinfect all tools and machinery before and after use (one part bleach to four 
parts water).

Tobacco should not be used near vulnerable plants, especially in greenhouses. 
Cigarettes and other tobacco products may be contaminated and spread disease.
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Abstract

Strawberry is major horticultural fruit crop grown across the globe. The crop is 
basis of a multibillion dollars food product industry and a major employer of the 
global population. Gray mold disease caused by pathogen Botrytis cinerea is responsi-
ble for massive pre-harvest and post-harvest losses in the crop making it a major chal-
lenge for the overall health of the industry. Furthermore, infected fruits are equally 
disliked by commercial buyers and domestic consumer resulting in to major losses for 
the growers. Rising populations and climate change factors are crucial in this aspect as 
well, because they have a negative impact on the overall yield of crop and can also lead 
to rapid mutations in pathogen genome making it more resilient to multiple climatic 
conditions. In this chapter we are going to discuss fundamentals of this issue, basic 
biology of the pathogen followed by conventional and modern approaches for disease 
control and future perspective.

Keywords: strawberry, botrytis rot, pre-harvest, post-harvest losses, management

1. Introduction

Strawberry is a globally important fruit crop with significant financial value for 
growers across the globe. Currently, almost 400,000 hectares of land is cultivated 
with strawberry crop plant with estimated global market value of about 19 billion 
USD [1]. China and US are the biggest producers of the crop with US market worth 
about US$ 2.5 billion [2]. Most common commercial cultivar of the plant has origi-
nated some 300 years before in response to hybridization between four different 
global cultivars (F. viridis, F. iinumae, F. nippiconica and F. vesca) [3]. Current domesti-
cated crop is an allo-octoploid crop (2n = 8x = 56) and its overall genomic complexity 
has often led to the use of diploid relatives as model crops to better understand the 
genomic complexion of crop.

Commercial cultivars of the crop found their origin about 3 centuries ago in 
accidental hybridization of Fragaria chiloensis and Fragaria virginiana cultivars. 
Evidences has shown that Thomas Knight made some of the earliest efforts for 
crossing and breeding of strawberry cultivars in his personal gardens during 1817 
in Britain [4]. Similarly, growers from north American region also began mak-
ing efforts for newer and better cultivars of the crop, and these efforts played 
an important in overall technological production advancement and breeding 
efforts of the crop over the next 2 centuries. Strawberries and other berry fruits 
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(i.e. blueberries, raspberries, blackberries, etc.) are well known for their high 
crop nutritional profile and are often added in to diet plan for patients of various 
cardo-vascular diseases [5]. Strawberry is among the group of so-called super fruit 
group that often tend to enhance overall body metabolism and bio-chemical setup 
with an additional supply of minerals and anti-oxidants. According to an estima-
tion made by the UNFAO, overall production of strawberry plant has increased by 
more than 80% over the last two decades with nearly 3/4th of the produced berries 
being consumed as fresh products while remaining being taken in by industries as 
processed foods.

In general strawberry are perennial plants with an herbaceous growth pattern, 
and denser leave system. It produces a complex fruit called the achenes which are 
single-seed fruit, and the receptacles that are similar to floral meristem tissues [6]. 
Strawberries are source of various vitamins and minerals that are essential for proper 
functioning of human body. Strawberry fruit also contain good amount of dietary 
fibers that help in maintenance of blood sugar levels, and healthy fatty acids helps in 
metabolism stability.

Strawberry crop is infected by a number of pathogens including Fungal, bacte-
rial, viral and nematode based infections. Among these most damaging of all are 
fungal pathogens that result in major losses for the crop [7]. Fungal pathogens 
are capable of damaging all parts of the plant including stem, root, leaf and fruit, 
in addition to this these pathogens are responsible for causing on field as well as 
post-harvest losses of the crop. Among all the fungal pathogens gray mold or the 
botrytis disease is the most damaging one caused by ascomycetes Botrytis cinerea, 
as it is responsible for significant on field yield losses as well as post-harvest 
losses [8]. The pathogen has severe economic implications for the growers and 
causes senescing of plant fruit and vegetative tissues. Disease prevalence is more 
dominant under wet, humid conditions, with some infection leading up to 80% 
losses (Table 1).

Ploidy Species Indigenous Area Fruit Characters

Diploid Fragaria nubicola Himalayas Bright red appearance 
with raised seed

Fragaria viridis Central Europe/ 
Eastern Europe

Small and firm fruit with 
Pink-red appearance

Fragaria daltoniana Himalayas Elongated and bright red 
fruit with no taste

Fragaria iinumae Japan Ovoid in appearance 
with sunken achenes

Fragaria vesca Japan Bright red appearance 
with raised seed

Tetraploid Fragaria mounpinensis China—Tibet region Small fruit with 
similarity to F. 
nilgerrensis

Fragaria orientalis Korea and Siberia 
regions

Soft fruit, with slight 
aroma and sunken seed

Hexaploid Fragaria moschata North Europe Light to Dark purplish 
red color, ovoid shape, 
raised achenes
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2. Botanical aspects of strawberry cultivars

One of the earliest efforts made to answer several mysteries of strawberry plant 
and discussing its botanical efforts were made by French researchers Antoine Nicolas 
Duchesne and Bernard de Jussieu, and their findings were later on published in their 
book during 1766 in France [9]. In their book Duchesne discussed basic aspects of 
strawberry plant and concluded that the current commercial cultivar of the crop is 
hybrid made in North America from two South American cultivars of the crop (i.e. F. 
virginiana and F. chiloensis) [10]. The genus Fragaria belongs to family Rosaceae that 
also contains a large number of commercially significant fruit crops and ornamental 
plants in it. Fragaria genus is added in to sub-family group Rosoideae that has about 20 
difefernet species of the plant added in to it, with some of those being diploid, tetra-
ploid, hexaploid and octaploid varieties [11]. The sub-family also consists a number 
of wild relatives of the crop such as, Fragaria nubicola and Fragaria vesca which are 
diploid wild relatives of commercial strawberries. Strawberry plants are normally 
perennial herbaceous plant that have trifoliate, membranous leaves, pitted leaflets 
and whitish flowers. The petals are normally obovate, short, scrabbled and numerous 
distinct pistils borne on elevated convex receptacles. These receptacles later on provide 
space for berry like fruits to grow on, with minute seed like achenes formed over the 
fruit [12].

An important aim of modern breeding programs is to improve growth potential 
of the plant as well as betterment of nutritional profile. These features are controlled 
and manipulated by genetic and epigenetic elements of the plant with some changes 
being permanently added in to the plant while other being a temporary addition in to 
their nutritional profile due to influence of favorable conditions [13]. Several qual-
ity traits are greatly influenced in strawberry plants owing to genetic basis as well as 
climatic factors associated with growing practices of plant, these traits include size of 
the fruit, it shape, color, rigidity of the fruit pulp and overall color formation on fruit 
surface. Over the time growing awareness among consumers is pushing people world-
wide to add more proportion of food in their daily intake for healthy and balanced 
diet. For this purpose, small berry fruits are a major contender owing to its higher 
concentration of numerous vitamins, minerals, phenolic compounds, flavonoids, 
iso-flavonoid etc. Owing to this major health benefit associated with the crop it has 
become an important target for researchers to identify cultivars with relatively higher 
concentration of beneficial bio-compounds and subject these varieties for breeding 

Ploidy Species Indigenous Area Fruit Characters

Octoploid Fragaria virginiana North America Double than the size of 
F. vesca with soft fruit 
and light to deep red in 
color appearance

Fragaria chiloensis North America, Chile, 
Argentina

Red brownish furit color 
with white flesh

Fragaria ovalis Western coast to Rocky 
Mountains

Round small sized fruit 
with pink color

Fragaria inturupensis North Japan Oval shaped fruit

Table 1. 
Species diversity of strawberry plant (Fragaria spp.).
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programs. Strawberry fruit has a diverse and heathy nutritional profile, among the 
most important of this are phenolic compounds which play an important role in bio-
chemical activities, growth and survival of plant under different growing conditions. 
Basic structure of phenolic compounds consists of one or more benzene ring in it with 
increased solubility owing to attached sugar molecules with it. Flavonoids, tannins, 
and phenolic acids are the most significant biochemicals of the category essential for 
optimum growth of plants and stable functioning of human body (Table 2) [14].

Phenolic compounds are produced in response to plant biochemical activity, they 
are essential for normal growth and survival of plants [15]. Evidence shows that these 
compounds are bio-actively important in humans as well owing to consumption 
of berry fruit. Several groups of phenolic compounds are important in this regard 
including flavonoids, hydrolysable tannins, phenolic acids, and condensed tannins. 
Anthocyanin is an important hydrophilic pigment associated with strawberry fruit 
and it has a varying color ranging from reddish to slight purple in color, this varying 
pigmentation in fruit is attributed to growing pH conditions of plant [16]. These 
anthocyanin compounds have a higher concentration of anti-oxidant compounds 
increasing overall antioxidant capacity of plant. Berry fruit also contains fair amount 
of carbohydrate molecules in it, including fructose, glucose and sucrose, also various 
organic acids such citric acid, malic acid etc. are all present in strawberry.

3. Disease pathogen

B. cinerea has a wide range of host and is capable of causing infection on hun-
dreds of plant species having significant food and ornamental value [17]. Many 
horticultural crops (fruits and vegetables) have been reported to accumulate 

Class Group Compound

Flavonoids Anthocyanins Cyanidin-3-glucoside

Cyanidin-3-malonylglucoside

Pelargonidin-3-galactoside

Pelargonidin-3-arabinoside

Pelargonidin-3-malyloglucoside

Pelargonidin-3-acetylglucoside

Flavonols Quercetin-3-glucuronide

Quercetin-glucoside

Quercetin-glucuronide

Kaempferol-glucunoride

Phenolic acids Hydroxycinnamic acids Ellagitannins Ellagitannin

Bis-HHDP-glucose

Methyl-EA-pentose conjugate

Ellagic acid

Sanguiin H-6

Table 2. 
Biochemical profile of strawberry fruit.
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millions in yield losses owing to B. cinerea pathogen infestation. The pathogen has a 
necrotrophic mode of nutrition that grows on host plant vegetative tissue ultimately 
causing death of plant. Pathogen spores are predominantly present in different 
growing locations that emerge out of infected plant parts which serve as primary 
inoculum for causing infection. Initially spore gain entrance inside plant system via 
several natural openings or wounds [18]. Although it has been reported to cause sig-
nificant damage in mature, ripped plants, infection rates are observed to be lower 
in unripen plants. Often in unripe plants pathogen has been reported to cause slow 
infection either in of delayed germination of conidia, as symptomless endophytic 
infection or colonization of abscising plant organs where growth arrests. Often 
under mild infectious conditions, pathogen enters a small asymptomatic phase 
during initial stages of the cycle. Followed by this pathogen initiates a more severe 
necrotrophic cycle in ripening plant tissues that leads to cellular breakdown and 
decay of these tissues [19].

Owing to modern sequencing technologies and OMIC approaches, more informa-
tion is now available regarding bio-chemical basis of the plant as well as the corre-
sponding pathogen species [20]. Reference genome analysis for the botrytis pathogen 
has shown that pathogen produces a variety of virulence factor which promote 
overall susceptibility of the pathogen [21]. During initial stages of the infection the 
pathogen is known to secrete a variety of effector proteins molecules and sRNA’s that 
enable suppression of cell death under stress and restrict immuno-response of the 
plant [22]. This provides favorable condition for plant to further grow in plant tissues 
and gradually establish infection in plants. Establishing fungal hyphae also secrets 
dicer like protein molecules DCL1 and DCL2 which penetrates in to the host cell and 
inhibit its RNAi mechanism limiting host defense ability in response to the infection 
[23]. Several pathogen enzymes including toxins and reactive oxygen species (ROS) 
producing enzymes cause immediate death of host cell. Another key activity involves 
synthesis of oxalic acid that lowers pH level of host cell, creating a suitable environ-
ment for enhanced fungal activity. Pathogen produces several enzymes including 
pectinases, protease and laccase that result in cellular degradation [24]. Pathogen also 
cause accumulation of Ca2+ which leads to lower structural integrity of pectin in cell 
wall and restrict callose deposition in cellular structures. Furthermore, pathogen also 
secrets cell wall degrading enzymes which causes cell wall to loosen and lysis of cell. 
Fungal pathogen also secrets a variety of hormonal biochemical which interfere with 
normal cellular functioning of host cell.

4. Pathogen infection mechanism

Infection in strawberry plants is caused by invading fungal pathogen, in primary 
infection invading pathogen hyphae tend to infect the host plant specially during the 
flowering stage, grow in to receptacle during flowering stage. Pathogen often tend 
to overwinter by forming sclerotia or by infecting surrounding plants with mycelial 
extension. Pathogen growth is restricted after initial infestation of unripe receptacle 
and a symptomless quiescent phase occurs. Estimates has shown that inhibition of 
earlier infection in unripe plants is nearly 50% in comparison to just 8% in ripen plant 
fruit. This is attributed to the presence of proanthocyanins in unripe fruit which 
restrict the activity of fungal enzymes necessary for rapid infection of plant [25]. 
Similarly, anthocyanin content has also been associated with lower infection in early 
growth stages of plant.
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In secondary infection the source of conidia is diverse and it initiate necrotrophic 
phase without any quiescence. Secondary infection takes place at a rapid pace with 
initial symptoms appearing within 16 hours of primary infection and significant 
biomass appearing in almost 48 hours of initial infection [26]. Early responses of 
strawberries to infection include higher expression of the defense genes FaPGIP and 
FaChi 2–1 (Class II Chitinase), whereas lower expression of the reference gene DNA 
Binding Protein – FaDBP indicates extensive cell death induced by B. cinerea at late 
stages of infection [27].

Research evidence suggests that ripening process tend to increase the overall 
susceptibility of strawberry fruit to Botryits cinerea infection. In unripe form berry 
fruit is resistant to fungal infection as it causes pathogen quiescence. Initiation of 
ripening process tend to increase it susceptibility, this is due to sveral transcriptional 
regulator molecules associated with ripening process that increase disease risk of 
strawberry [28]. OMIC analysis has shown that significant changes takes place during 
trnastion from large green to white phase; this includes alteration in cell wall compo-
sition, biochemical profile, plant hormones, pigmentation, carbohydrate metabolism 
and antioxidant profile [28]. This result in relatively lower oxidative phosphorylation 
during ripening ultimately disrupting a variety of biochemical and physiological 
processes. Research has shown strong evidence suggesting that pathogen infection 
interferes with biosynthetic mechanism of plant hormone synthesis including; 
ethylene, ABA, etc., that tend to act as virulence factor by promoting fruit ripening 
and senescence process (Figure 1) [29].

Pathogen also tend to introduce several physiological and cellular changes in the 
crop for facilitating infection process. Cell wall degradation assist higher infection 
severity as the physical barriers to pathogen invasion are weakened. In berry fruit, cell 
wall begins to disassemble as the fruit enters in to ripening phase, this solubilization 
of cell wall increases overall available sugar contents as polysaccharides continue to 
breakdown. Down regulation of pectin lyase (PL) gene has shown a higher degree 

Figure 1. 
Influence of ripening phenomenon on overall susceptibility of strawberry fruit to B. cinerea infection.
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of fruit firmness during ripening and a lowering overall severity of disease. Invading 
pathogen targets polysaccharide compounds in cell wall by secretion of a variety of 
cell wall degrading enzyme, pathogenicity gene such as Bcpg (endopolygalacturo-
nases gene) gene plays an important role in infection prevalence [27, 30]. Similarly, 
cuticle is another major barrier to prevent pathogen invasion, and this barrier get 
compromised during ripening phase as expanding fruit tend to create small cracks on 
fruit surface and relatively thinner cuticle. In addition to this pathogen secret cuticle 
degrading enzyme which further increase overall penetration and infection causing 
ability of pathogen [28].

5. Management strategies for botrytis rot in strawberry

Owing to the overall quantitative and qualitative importance of the strawberry 
fruit crop, management of pathogen is a crucial task in this regard. Historically, little 
information was available regarding pathogen survival, overwintering in other crops, 
mode of action and optimum growing conditions that limited the potential of control 
measures. Owing to this lack of information regarding disease spread the disease was 
mainly managed via conventional or cultural practices. During the late 19th to early 
20th century discovery of pathogen species, formulation of new chemical compounds 
and the green revolution enabled application of synthetic chemicals as well as certain 
biocontrol agents for disease management. Recent progress in the availability of 
OMIC’s data owing to rapid progress in sequencing technologies are now enabling 
researchers to introduce resistance capabilities in to the genome of plant to overcome 
the invading pathogen. Latest genetic engineering technologies like the CRISPR/CAS 
technology has enabled knocking-out of susceptibility genes in plant and virulence 
genes in pathogen, making it difficult for disease to affect the plant. Also, massive 
data sets regarding climatic conditions has added in to our better understating of 
optimum growth conditions of both the plant and pathogen which can be used for 
managing infections in post-harvest and controlled growing environments. Following 
are some of the key management strategies used for managing Botrytis rot infection.

5.1 Conventional management techniques

Historically botrytis infection has been contained by adopting certain management 
strategies focused on constraining inoculum buildup of pathogen. Similarly, second 
most common approach used involves the practice of keeping pathogen away from 
the fruit by avoiding fruit contact with soil, infected plant parts or contaminated farm 
equipment. It is important to avoid contact of fruit with soil surface as certain conidia 
are present on the surface of soil and tend to germinate quickly upon connection with 
fruit and under relatively higher soil moisture [31]. Owing to pathogen dependence on 
higher soil moisture content it is also important to better manage the field irrigation 
system. In this regard, drip irrigation system, micro-sprinklers and smart sensors-based 
irrigation system plays an important role in maintaining stable soil moisture as well 
as restricting over irrigation of field to avoid prevalence of conidial germination [32]. 
Shady environment also tends to aid fungal infection and for this purpose proper thin-
ning and pruning of trees tend to reduce infection initiation probability. Furthermore, 
application of moderate to lower dosage of nitrogen fertilizers is recommended dur-
ing infection season to avoid excessive shoots and leaves growth. Similar to canopy 
issue, close spacing in plants also tend to promote infection and can be avoided with 
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appropriate spacing among fruit plants. Another common practice for reducing fungal 
infestation is to grow plant under tunnels, in this case a relatively lower level of air 
inoculum is able to invade host which in turn reduces overall rate of infection. Although 
beneficial, tunnel-based approaches are challenging as well, the tend to increase risk 
of powdery mildew infection and create issues with fruit harvesting process [33]. 
Conclusively, the conventional approaches have shown significant results in the past 
and still plays a prominent role in management of disease.

5.2 Fungicide/chemical based control strategies

Demand for increase of crop production has always been a major challenge for 
human race, in an effort to satisfy increasing food demands of rising global population. 
This effort has often faced plant disease as a major challenge that tend to restrict fruitful 
outcomes of such efforts. In this regard application of various pesticide or insecticide 
chemicals has been utilized as a major source to restrict the pathogen activity and ensure 
higher crop yields [34]. Like many important plant diseases (such as powdery mildew 
disease, downy mildew, rice blast disease etc.) botrytis rot of strawberry is also manage 
heavily these days via synthetic pesticide chemicals. In order to secure effective outcomes 
from pesticidal application it is important to take in account for number of applications 
and time span for applying chemicals to diseased or susceptible plant [35]. furthermore, 
use of multiple fungicide is also important to control such pathogens that requires multi-
mode of actions for growth inhibition. Botrytis rot has been heavily managed by the use 
of such chemicals with fungicides from the FRAC (Fungicide resistance action commit-
tee) groups and captain being most prominent group of chemicals overall [34]. Recently 
resistance development to fungicide application in pathogen has been a major challenge 
in plant disease management owing to changing resistance profile of invading pathogens 
in a single growing season (Table 3).

Efforts have been made recently in order to develop resistance profile of several 
B. cinerea isolates, a study conducted in the Louisiana state of USA involved resistance 
profiling of nearly 13 fungal isolates with each of them showing lower to moderate level 
resistance against FRAC 1 pesticidal chemicals. These isolates were later on further tested 
against FRAC 2 type of pesticide chemicals with a few isolates showing some degree of 
resistance to them. Another study including assessment of more than 1800 B. cinerea 

FRAC Chemical Target site Target action Resistance risk 
profile

Dicarboximides Hisitidine kinase Signal transduction Medium to high 
risk

Succinate dehydrogenase 
inhibitor

Succinate 
dehydrogenase

Respiration activity Medium to high 
risk

Benzimidazole Tubulin assembly Cytoskeleton High rsik

Phenylpyrroles Hisitidine kinase Signal transduction Low to medium 
risk

Sterol bio-synthesis inhibitor Keto reductase in C4 
de-methylation

Inhibition of sterol 
synthesis

Low to medium 
risk

Anilinopyrimidines Methionine synthesis Protein synthesis Medium risk

Table 3. 
List of synthetic fungicide chemicals to control botrytis disease.
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isolates was carried out in 2015, isolates from 10 different American states were subjected 
to resistance profiling, results indicated that multiple isoaltes have developed resistance 
against all single action sites of FRAC group chemicals [36]. A positive correlation was 
also observed between overexpression of efflux transporters, modification of fungicide 
target site and increased resistance level of pathogen against chemicals. B. cinerea also 
possess a diverse range of transposable elements in its genome, along with heterokaryosis 
and sexual reproduction process that enables pathogen to gain multiple resistance related 
mutations in a single growing season. This increased resistance in fungicide action 
sites indicates a prevailing nascent demand for more innovative approaches in disease 
management strategy. Efforts are now under way to produce new type of fungicide 
chemicals that will interfere with pathogen growth patterns at RNA level and inhibition 
of transcription-translation phases in plants, enabling targeted growth reduction and 
containment of pathogen infestation [37]. These approaches are in early development 
phase and far from large scale commercial availability. Meanwhile, mixed application 
and rotation of different fungicide chemicals can assist better management of disease 
along with avoiding risk of resistance development.

5.3 Biological control approaches for B. cinerea

Although synthetic chemicals have been utilized heavily for disease contain-
ment, many of the negative aspect of aforementioned approach has raised questions 
regarding its effectiveness. For example, many copper based or other type of pesticide 
chemicals are causing respiratory, dermatological issues as well as heavy metal con-
tamination in agricultural fields [38]. Therefore, evaluation and application of other 
eco-friendly sustainable approaches has become a priority now. In this regard use of 
biocontrol microbes has been under extensive studies to make commercially viable 
eco-friendly products out of it. Several microbial species including Bacillus subtilis, 
Colletotrichum gloeosporioides, Epicoccum purpurascens, Gliocladum roseum, Penicillium 
sp., Trichoderma spp. have been tested to contain botrytis infection in controlled 
conditions [39]. Earlier studies have indicated that in many cases bio-control agents 
tend to reduce disease severity much higher than the synthetic chemicals, with up to 
90% disease reduction in stamens and more than 75% reduction in fruits.

Bio-control agents utilizes multiple mode of actions to contain pathogenic microbe 
growth, this includes competition for primary growth nutrients, secretion of several 
growth inhibiting bio-molecules (such as anti-biotics), and influencing host plant 
biomechanism to produce pathogen growth restricting molecule such as chitinases and 
peroxidases, as well as certain PR proteins [40]. A combination of bio-control microbes 
is recommended to for application to infected plant so that pathogen growth contained 
via multi-mode of action strategy. Also, use of certain bio-control volatile compounds 
and extracts from these microbes has shown some potential to resolve pathogenicity 
issue [41]. Overall microbes and microbes-based bio-compounds have shown significant 
growth inhibiting properties, but their large-scale commercial application remains under 
question due to high degree of pathogen diversity at sub-species and variant levels, as 
well as overall commercial cost that is needed to incurred in order to produce commercial 
scale quantity of microbial compounds for disease management.

5.4 Genomic approaches for disease management

Over the last three decades huge number of genomic information data sets have 
been generated related to various crop plants and disease pathogens. These data sets 
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have enabled a better understanding related to genes responsible for susceptibility in 
plants and utilization of this information for better management of disease. Earlier 
efforts were mainly the transgenic approaches that involved Agrobacterium mediated 
cellular transformation for disease related traits. Several factors affecting transforma-
tion efficiency in strawberry have been determined, that the leaf discs from in vitro 
cultures proliferating in the presence of 2.21 μM kinetin were the best explant for 
transformation. Furthermore, it was observed that the transformation efficiency for 
antibiotic-sensitive F. vesca and Fragaria semperflorens could be improved by using anti-
biotic carbenicillin for selection and suitable Agrobacterium strain. They achieved opti-
mal transformation efficiency (15%) by the appropriate use of explant type and age, 
leaf-disc orientation, inoculation time, and phenolic compounds for bacterial virulence 
induction [42]. Incubation of A. tumefaciens with acetosyringone and indole acetic acid, 
age of explant, pre-culture, and pre-selection on antibiotic-containing medium were 
the other key factors to affect the transformation efficiency in strawberry.

Studies have shown significant results obtained by transgenic techniques for man-
agement of botrytis rot in strawberry. Schestibratov and Dolgov (2005) introduced 
thaumatin II protein via Agrobacterium-mediated transformation in multiple straw-
berry plants, with transformed platns with higher level of thau II expressed proteins 
exhibiting resistance against botrytis infection [42]. Vellicce et al. focused on strength-
ening of cellular defense mechanism in plant by transforming such genes in to plants. 
Two genes were targeted for this purpose; ch5B gene responsible for chitinase synthesis 
in plant and gln2 gene encoding for glucanase. Ch5B gene is responsible for degradation 
of cell-wall structures in pathogen resulting in to reduced growth of the pathogen and 
lesser infection severity [43]. In addition to this, modern CRISPR/CAS based genome 
editing has also enabled better management of disease; studies have shown that CRISPR 
mediated knock-out of SIMAPK3 gene susceptible for gray mold has shown a higher 
degree of resistance to the disease [44]. This is mainly due to increase in production of 
certain defense related secondary metabolites as well as synthesis of reactive oxygen 
species (ROS). In another study targeted mutagenesis of FaPG1 gene was carried out, 

Figure 2. 
CRISPR gene editing approach for resistance development in strawberry against B. cinerea infection.
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this resulted in up to 70% increase in firmness of strawberry fruit, ultimately enhancing 
its shelf life and making less vulnerable to pathogen attacks (Figure 2) [45].

5.5 Post-harvest management of disease

The pathogen also causes major challenges during post-harvest handling of the 
crop ultimately resulting in major losses. Efforts are also made to alter storage condi-
tions in a manner to reduce overall infection, berry fruit is stored immediately below 
3 degree temperature which inhibits the chance of pathogen to regrow. Fruit is also 
kept in an environment that is higher in carbon dioxide concentration and lower 
in oxygen, so that metabolism of fruit is restricted [46]. Relative humidity during 
storage is usually kept around 85–90% to prevent dehydration of fruit, but limit 
fungal growth [47]. A novel approach for post-harvest management of this disease 
includes the application of protective coatings on fruit surface, that prevents loss of 
water from the fruit and at the same time restrict growth of fungus owing to pres-
ence of anti-fungal compounds. Application of chlorine mist in storage facilities also 
has the potential to reduce pathogen infestation and disease severity [48, 49]. More 
recent approaches includes use of ultraviolet radiation as a treatment method to kill 
any microbial spore that might be present on surface of harvested fruit or inside the 
storage facility.

6. Conclusion

Many aspects of botrytis disease development are still not properly understood, 
technological advancement will play an important role in better understanding 
genetic diversity of pathogen and various bio-chemical pathways crucial for pathogen 
cellular growth. Similarly, better understanding of plant defense mechanism and 
reasons associated with its failure will also assist in development of effective disease 
management strategies. Furthermore, current disease management needs to be 
re-evaluated to cope with increasing restrictions and lack of efficacy of fungicides. 
Investigations on biocontrol approaches and pre- and postharvest treatments are 
necessary to manage gray mold. Research related to study of such natural mutations 
taken place in strawberry that enabled better resistance against pathogen attack can 
also assist in this regard. Also, massive information regarding climatic data can be 
used for better studying of climatic factors supporting pathogen growth so that a 
disease forecasting model can be developed which can later be used for better man-
agement of disease.
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Chapter 5

Native Trichoderma Strains 
Biocontrol Potential against  
Soil-Borne Pathogens: Strawberry
Yunus Korkom

Abstract

Strawberry production remains important in the world. Soil-borne fungal 
pathogens (such as Macrophomina phaseolina, Rhizoctonia spp., Fusarium oxysporum, 
Phytophthora spp., and Pythium spp.) are causing serious problems for strawberry 
farmers. Distinct treatments, such as fumigation, resilient varieties, solarization, 
rotating crops, synthetic fungicides, and cultural practices are used to combat infec-
tions of soil-borne in strawberries. Since strawberry fruits are consumed immedi-
ately, fungicide treatments raise a number of problems, including pesticide residue on 
the fruits which gives harmful effects on consumers. Solarized soils are often effective 
against certain soil-borne pathogens. New studies have focused on eco-friendly bio-
logical control agents (BCAs) that can be used as effective substitutes for fungicides. 
Trichoderma strains are efficient BCAs that have different mechanisms against soil-
borne diseases in strawberries. Despite the success of commercial Trichoderma-based 
products, their low efficacy or ineffectiveness against targeted pathogens are major 
limitations under field conditions. Native Trichoderma strains that can be used to 
control this disease are ideal antagonists. This section discusses the potential of native 
Trichoderma strains to combat soil-borne pathogens in strawberry fields.

Keywords: Macrophomina, Rhizoctonia, Phytophthora, Fragaria × ananassa,  
biological control

1. Introduction

Strawberry (Fragaria × ananassa Duchesne ex Rozier) have been around since 
ancient and is a member of Rosaceae family [1]. China is one of the top manufacturers 
of strawberries, in addition to the US, Türkiye, Mexico, Egypt, and Spain are signifi-
cant producers. In 2023, there were 7.9 billion people on the planet, and by 2050, it’s 
predicted that there would be about ten billion [2]. The need for more readily acces-
sible food supplies is driven by the increase in population intensity. Abiotic factors can 
significantly harm agricultural crop systems. For example, worldwide warming and 
climate change are significant factors in these factors [3]. Fungi, bacteria, viruses, and 
other parasites are caused an important infection in crop production [4]. Although 
soil-borne plant diseases are extensively dispersed, only a few species exhibit a pattern 
of limited distribution. At the same time, crops may be at risk if pests, which serve 
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as vectors for spreading plant infections, change their distribution patterns [5]. The 
prevalent strawberry pathogens enclosing Macrophomina phaseolina, Rhizoctonia 
solani, Fusarium spp., Phytophthora fragariae, P. cactorum, Pythium spp., Verticillium 
dahliae, Botrytis cinerea, Colletotrichum acutatum, Colletotrichum gloeosporioides, 
Sphaerotheca macularis, Phomopsis obscurans, Gnomonia comari, and Xanthomonas 
fragariae [6–11]. These pathogens are frequently difficult to control. They are free-
living organisms with a diverse variety of hosts and the ability to thrive for extended 
periods on soil organic materials and plant detritus. However, these pathogens of 
fungi have resistant structures that can be produced even in the absence of plants, 
such as sclerotia, microsclerotia, oospores, or chlamydospores. Additionally, owing 
to the likeness of symptoms, diagnosis is challenging and time-consuming [12]. 
Strawberry growers use synthetic fumigants and chemical fungicides in an orderly 
round the production season to reduce soil-borne diseases. The extensive use of fumi-
gants and fungicides has a negative impact on soil and warm-blooded [13]. Cultural 
precautions, such as crop rotation, bio-fumigation, anaerobic soil disinfestation, and 
soil solarization, are embraced by farmers; however, these methods have inconsistent 
results and are ineffective in soil-borne disease management. In addition, the increase 
in crop diversity in agriculture has necessitated the creation of new research strategies 
[14]. Biological control can be an alternative for the management of plant diseases. 
The Trichoderma genus (Hypocreales, Ascomycota) is extensively used to control 
soil-borne diseases and to promote growth in different plants [10, 15, 16]. They have 
several antagonistic tools such as mycoparasitism [17], antibiosis [18], production of 
cell wall-degrading enzymes [19], rhizosphere and root colonization [20], and nutri-
ent competition [17]. Trichoderma is widely used in bio-remediation in pollutants 
of soils and waters [17], as regional and systemic resistance-inducing in plants [21]. 
Trichoderma species or isolates can show different levels of effectiveness in different 
geographic locations, diverse crops, or cultivar functions [22–24]. Therefore, it is 
important to use native Trichoderma isolates for protection from soil-borne diseases in 
the field. This review informs the use of native Trichoderma, with some perspectives 
on the biocontrol potential of strawberry production.

2. Strawberry production and soil-borne diseases

2.1 Cultural practices of strawberry production

Strawberries are cultivated commercially in a variety of settings, including open 
fields, polytunnels, and glasshouses [25]. High tunnel production is employed to 
extend the strawberry growing season and yield earlier than open-field production. 
Greenhouses have been enabled for a year in strawberry production [26]. The interval 
on strawberry plants is usually 30 cm by 30 cm and 1.5 m between each bed in the 
field [27]. Many different factors are considered when selecting a variety of strawber-
ries. These include locations, production methods, and customer choices. Strawberry 
plants can be divided into three primary groupings based on their flowering behav-
iors. Plants of long-day begin flowering under long-day conditions and generate twice 
harvests each season. June-bearing strawberries, commonly referred to as short-day 
strawberries, give a start of flowering under short-day conditions. These plants are 
provided only one harvest per season. Day-neutral cultivars depend on temperature 
differences for flower commence and day-long is not important. Strawberry produc-
tion in the field is preferred of day-neutral cultivars [28]. According to the growth 
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stage, strawberry plants require between −0.016 and 0.032 L of water per week [29]. 
When growing strawberries, it is crucial to know when and how much irrigation 
is used so that the fruit receives the necessary moisture while preserving labor and 
water resources [30–32].

2.2 Soil-borne diseases in strawberry

Serious soil-borne diseases influencing strawberry production are Phytophthora 
root rot (Phytophthora spp.), black root rot (Pythium spp., Rhizoctonia solani), 
Fusarium wilt (Fusarium oxysporum), charcoal rot (Macrophomina phaseolina), 
and Verticillium wilt (Verticillium dahliae). These pathogens have spread all over 
the world [7, 33–35]. Without disease management, these soil-borne diseases led to 
20–30% output reductions in strawberry yield [36, 37]. The use of an overhead irriga-
tion method causes early-season outbreaks of Oomycete-induced diseases in annual 
strawberry production [38, 39]. Different species of Phytophthora (Stramenopila, 
Peronosporaceae) cause crown rot in strawberries. These species as P. cactorum, 
P. fragariaefolia, P. citricola, P. nicotianae, and P. citrophthora [40–42]. In the studies 
carried out, Phytophthora was initially determined only from soil or crown could. But 
as a result of the studies carried out in subsequent processes, it was determined that 
isolates obtained from other host plants and strawberry fruit also caused leather rot 
[43, 44]. Phytophthora cactorum was first recorded as ground leather rot on fruits and 
crown rot in strawberries [44]. Owing to the continual presence of strawberry plants 
in the cultivation of perennials and plantations, the source of inoculum might include 
oospores [45]. The first symptoms appear at the onset of bluish-green color on new 
leaves, after which the plant begins to wilt. Plants wilt and die within days due to 
disease progression and crown rot [46]. Phytophthora fragariae causes red core, which 
can be leading to plant death in strawberry-cultivated regions [47]. The definition of 
the disease indicates dark reddish-brown staining of crowns that begins at the upper 
or lower and the breakdown of vascular texture. Since secondary infections show 
rare throughout the one crop cycle, the disease develops in a monocyclic pattern. 
The parent inoculum source was an infected plantation. Additionally, soil fumiga-
tion prior to planting is sometimes unsuccessful in eradicating this disease in fruit-
producing areas [39, 48]. Most strawberry varieties are not tolerant to Phytophthora. 
Black root rot is a common disease that causes the death of feeder roots and degrades 
the structural roots in strawberries. It limits productivity and affects strawberry 
production worldwide [49, 50]. The genera Rhizoctonia and Pythium largely cause the 
black root rot complexes [51, 52]. Rhizoctonia spp. are associated with the black root 
rot complex and fall into an imperfect Basidiomycete fungus [53]. Rhizoctonia isolates 
are classified as multinucleate or mononucleate [54]. R. solani is the high virulent 
than R. fragariae in strawberry plants [55, 56]. Soil fumigation is still the only effec-
tive treatment for root rot by Rhizoctonia in strawberry [57]. The early symptoms 
exhibit only a few plants, which are mostly found in poorly drained and compacted 
soil. Plants that have been affected lack feeder roots, and many of the bigger roots 
have broken off at rotten locations where the cortical tissue has collapsed. Because 
of root rot, some plants lose their lives throughout the growing season, whereas 
those that survive will be stunted and will yield fewer strawberries [58]. The genus 
Pythium (Pythiaceae, Oomycota) has 327 described species [59]. Some species were 
only recently identified from Phytopythium in strawberries [38, 60]. Fusarium wilt is 
an important disease of strawberries worldwide. This disease was reported Fusarium 
oxysporum f. sp. fragariae in several countries [34, 61–63]. The first symptom of 
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Fusarium is common to flower or fruit set in well-grown of  strawberries. Here, the 
oldest leaves starting wilt, become gray-green, and then dry out [64]. Macrophomina 
phaseolina (Botryosphaeriaceae), a soil-borne phyopathogen fungus, is found world-
wide and affects over 500 plant species in 100 families. Diseases including charcoal 
rot, rot in the stem as well as root, and seedling blight are brought on by this pathogen 
in strawberry [65]. The main infectious source of M. phaseolina is microsclerotia. This 
resistant construction can last in the soil for 15 years [66]. The intensity of disease 
increases when temperatures of aerial and soil reach 30–35°C and lowly 60% of 
soil humidity [67]. The germinating hyphae of M. phaseolina are able to infect roots 
during the seedling phase. Afterward, the fungus influences the vascular system and 
distorts the transfer of water and nutrition in the plant. Yield loss is related amount 
of inoculum in the soil at the same time intensity with the severity of the disease 
[67]. Verticillium genus in the phylum Ascomycota accounts for the vascular wilt of 
many plants. The species V. dahliae and V. albo-atrum cause serious economic losses 
worldwide [68]. Verticillium dahliae is common in strawberry-growing areas, and 
it can be particularly severe when springtime temperature fluctuations might stress 
the plants [69]. The conidia, or microsclerotia, of the pathogen, germinate in the 
being of root secretions; upon this, the germ tubes penetrate the plant roots. The 
pathogen can survive for more than ten years in the soil or as microsclerotia (ms) on 
tissues of dead plants [70–72]. Microsclerotia concentration is 2 ms/g soil that can 
rise 100% wilt in strawberries [73]. Therefore, this pathogen is rough to struggle with 
present management strategies. Some fungicides are utilized based on the targeted 
pathogens, including azoxystrobin, carbendazim, prochloraz, metalaxyl, mancozeb, 
difenoconazole, pyraclostrobine, dimethomorph, chlorothalonil, tebuconazole, and 
fludioxonil [74]. Azoxystrobin, metalaxyl, and difenoconazole due to the often use of 
fungicides, these pathogens have developed resistance to these fungicides. As a result, 
chemical combat is unsuccessful in offering enough control for the disease [75, 76]. 
There is no one-size-matches-all-solution to disease control in soil-based strawberry 
growing, and a combination of strategies can be useful. The soil fumigant Methyl 
Bromide (MB) controls a broad wide of pathogens, pests, and weeds, so farmers have 
preferred it often. MB was phased out in 2005 below the Montreal Protocol because of 
its impacts as the chief ozone stratum thinner, notwithstanding its effectiveness [77]. 
Holmes et al. [78]. summarized MB options with the inclusion of recent fungicides, 
stubborn varieties, solarization, anaerobic soil disinfection, plastic films, and cover 
crops. Soil fumigants used to substitute MB comprise 1–3-dichloropropene (1,3-D), 
Chloropicrin (Pic), Dazomet (DZ), and Metam Sodium (MS), Metam Potassium 
(MP) [26]. Solarization is used as an alternative treatment for pathogens in tropical 
regions. Solarization involves wetting the soil and then covering it with a transparent 
film to raise the soil temperature during the summer. The transparent film remains 
closed for 4–6 weeks. Yet solarization is not practicable in loud-altitude regions where 
strawberry production occurs [79].

3. Biocontrol mechanisms of Trichoderma

Trichoderma species have different mechanisms, which are briefly explained 
as follows. The mycoparasitism mechanism of Trichoderma takes place with many 
sequential actions: (i) positive chemotrophic growth toward the host, (ii) direct 
contact with the phytopathogenic fungus, and (iii) coiling around the host hyphae. 
Trichoderma also undergoes morphological changes in hyphae, which enables it to 
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penetrate the host hyphae and death its biomass. These changes include the forma-
tion of appressorium-like penetration structures and the production of cell walls that 
degrade hydrolytic enzymes (CWDEs) [19]. CWDEs include chitinase, glucanase, 
N-acetylglucosaminidase, and protease [80]. The second biocontrol mechanism 
of Trichoderma is antibiosis. Trichoderma species generate a wide range of small-
molecule compounds as secondary metabolites (SMs), including pyrones, terpenoids, 
steroids, and polyketides. Additionally, Trichoderma produces siderophores and a 
significant amount of peptaibiotics known as peptaiboles, which frequently include 
non-standard amino acids [18]. The 6-pentyl-alpha-pyrone (6-PP) is one of the 
most studied in Pyrones group. This compound has been associated with yellow 
pigmentation and a coconut aroma for production in some strains of Trichoderma. 
Moreover, this compound exhibited antimicrobial activity. Polyketides (PKs) have 
antimicrobial activity. The role of PKs has to simplify competition for nutrients, 
reduce the ability of pathogens, and set chemical communication with organisms 
[81]. Another biocontrol mechanism is competition. Trichoderma species’ ability to 
displace other fungal species in the rhizosphere is that they are excellent contestants 
for ground and nutrients. Trichoderma strains that efficiently absorb nutrients and 
develop more quickly than their rivals will have a clear advantage in their ability to 
colonize and thrive in various habitats [82]. Another mechanism involves an increase 
in plant growth. Trichoderma species realize root colonization, plant nutrition, and 
growth, as well as enhance plant resistance to abiotic stresses [83]. Trichoderma has 
been observed to induce systemic resistance for both monocots and dicots plants. 
This reaction includes plant recognition of the fungus through systemic induced 
resistance (ISR), which is mediated by the phytohormones ethylene (ET) and jas-
monic acid (JA) [17]. Trichoderma also stimulates the expression of genes related 
to pathogenesis (PR), which is mediated by salicylic acid (SA). This reaction, also 
brought on by biotrophic and hemibiotrophic infections, is referred to as systemic 
acquired resistance (SAR) [84]. The pollution of water and soil is occurring taking 
by extreme pesticides and synthetic fertilizer utilization in plant production fields. 
Chemical substances can be removed using either methods of biological or chemical 
[85]. In recent research, Trichoderma species have executed their skills to remediation 
on different fungicides, insecticides, and herbicides [86, 87]. This biological control 
agent successfully  detoxifies into sulfonylurea (herbicide) [86], dichlorvos (insecti-
cide) [88], carbendazim [89], and penthiopyrad [90].

4.  The use of the antagonistic properties of native Trichoderma species 
against soil-borne pathogens in strawberry

In Giza, Egypt, a study using four distinct Trichoderma species to treat strawberry 
black root rot was carried out. The pathogen isolates F. solani, R. solani, and Pythium 
sp. employed in the investigation was isolated from strawberry growing areas. Black 
root rot was assessed in vitro and in field settings using native T. harzianum, T. viride, 
T. virinis, and T. koningii isolates. The in vitro investigation revealed that the 
 pathogen isolates had their mycelial development inhibited by T. harzianum 92.1, 
91.7, 93.4%, T. viride 91.7, 92.9, 90.3%, T. virinis 87.4, 86.6, 84.3%, T. koningii 92.1, 
93.4, 90.6%, respectively. A variety of Festival strawberries was evaluated for plant 
growth, yield, and disease severity in field conditions. The combination of all 
Trichoderma isolates produced the greatest rise in the fresh and dry weight by 83.3 
and 176.9%, respectively. Moreover, the mix of Trichoderma species showed the 
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highest increase in yield (117.1%). Single-proceedings of T. harzianum, T. viride, and 
T. koningii raised the fresh weight of plants by 105 to 68%, and these isolates showed 
increasing yield by 71.1, 57.1, and 64.3% respectively. T. virinis was less efficient in 
fresh-dry weight and yield. The Trichoderma mix treatment enhanced the peroxi-
dase and chitinase activity in strawberry leaves by 150 and 160.9%, respectively [91]. 
Rhizoctonia solani, Fusarium solani, F. oxysporum, and Macrophomina phaseolina of 
diseased strawberry plants were collected from Qalyubia Governorate, Egypt. 
Trichoderma album, T. harzianum, T. viride, and T. hamatum were isolated from 
rhizospheric soils in the roots of healthy strawberry plants. In vitro test results, all 
pathogens were reduced growth by T. harzianum 83.43, 78.53, 67.10, 69.50%, T. album 
(77.53, 72.67, 66.53, 68.43%), T. hamatum (55.70, 63.27, 56.53, 53.33%), T. viride 
(74.57, 70.03, 65.47, 61.23, 67.83%), respectively. Field treatment results of disease 
incidence (7-weeks post transplanting), T. harzianum showed the highest impact 
(77.0, 67.2%) follow up by T. album (72.0, 63.4%), T. hamatum (27.0, 29.9%) in the 
2015/16 and 2016/17 seasons, respectively. T. harzianum was the most successful 
treatment in terms of chlorophyll, protein, total nitrogen, total phenols, and total 
sugars. Moreover, this treatment greatest increased in yield (36.84% and 25.22%) 
when compared to the control treatment over the two consecutive growing seasons 
[92]. Trichoderma harzianum strain T-H4 inhibited mycelial growth on Rhizoctonia 
sp. 70.22 ± 5.46, and Fusarium sp. 63.65 ± 1.50 in dual culture test [93]. Mirmajlessi 
et al. [94] isolated V. dahliae (29 isolates) from strawberry-growing areas in Estonia. 
V. dahliae isolate SV-19 had high virulence (79.51%). Volatile metabolites of T. harzia-
num isolates showed different inhibitory values on V. dahliae, from 15.8% to 88.3%, 
while TU79 determined the maximum effect on the pathogens. This isolate had 
significant mycelial inhibition in dual culture (92.1%) and non-volatile metabolites. 
The results of in vitro studies chosen seven isolates (TU63, TU68, TU72, TU74, TU75, 
TU79, and TU80) (mycelial inhibition rate > 50%) for the greenhouse treatment. In 
greenhouse studies, the antagonist isolates were observed with different rates of 
disease severity from 14.2% to 75.6%. The isolate of TU79 represented only the 
highest reduced disease severity (≈27%) that was applied to the soil or root [94]. The 
efficiency of four T. harzianum was analyzed against F. oxysporum f. sp. fragariae 
using a dual culture approach. Solely one strain of T. harzianum observed to inhibit 
pathogen growth. This isolate treatment protected strawberry plants (80.0%) in the 
greenhouse after 42 days [95]. The present study identified harzianic acid produced 
by T. harzianum M10, and hydrophobin produced by T. longibrachiatum MK1 effect 
on strawberry plant (cv. Sabrina) growth in Naples, Italy. The plant-growing season 
started in October 2016 and ended in June 2017, and the fruits were harvested once 
each week from April to June 2017. The harzianic acid increased by 24% in total fruit 
yield (g plant−1) and it had the maximum number of fruits for each plant (14%). 
Also, this treatment showed the highest increase in the total soluble solids content 
(8%). The hydrophobin had effectiveness on the ascorbic acid content (9%), and it 
showed an increment in root length (15%), root fresh weight (15%), and dry weight 
(19%). The maximum content of cya 3-O-glc and pel 3-O-rut was provided by 
hydrophobin as 63%, 11%, respectively [96]. Native T. citrinoviride determined the 
ability to biocontrol of R. solani (isolated from strawberry root) in dual culture and 
pot trial by Sekmen Cetinel et al. [97]. The result of the dual culture test, T. citrino-
viride showed a high inhibition of 79% against R. solani. T. atroviride + R. solani using 
determined disease incidence from 33% to 41%, and Trichoderma pre-treatment 
increased the dry weight of strawberry plant (cv. Rubigen) in pot trial. Moreover, 
this treatment indicated a higher plane of PSII. Trichoderma isolates, R. fragariae, 
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and R. solani were isolated from different strawberry fields regions in Menoufia, 
Egypt. T. harzianum and T. hamatum in vitro test showed different inhibition values 
on R. fragaria by 83.3%, 72.2%, respectively. This biocontrol agent effect in field 
trials determined on disease severity of R. fragaria of strawberry plants (cv. Sana) by 
9.6%, 6.8%, respectively. The group control had a disease severity of 86.4%. T. 
harzianum and T. hamatum increased yield (g/plant) by 50.4%, 33.2%, respectively 
[98]. R. solani and native Trichoderma isolates isolated from strawberry roots and 
soils in Qingdao, China. These Trichoderma isolates are namely T. atroviride T1, T. 
harzianum T2, T. atroviride T3, T. harzianum T4, T. harzianum T5, respectively. In the 
dual, non-VOC, and VOC assays, T1 and T3 had maximum inhibition rates of 
60.4–100–75.3%, 60.9–100–69.8%, respectively. All native Trichoderma isolates 
showed well-enzymatic activities of protease, cellulose, chitinase, and glucanase. 
Another result obtained from this study is that the antagonistic effect of the five 
Trichoderma isolates against R. solani in the petioles of strawberries was ordered as 
follows: T2 (34.8%) > T4 (−16.7%) > T3 (−46%) > T5 (−171.5%) > T1 (−172%) [99]. 
Native T. viride isolates were collected from the rhizosphere of sound strawberries. 
The pathogen isolate was R. fragariae which was isolated in the northwest of Egypt in 
Ismailia district. The antagonist inhibited the mycelial growth of Rhizoctonia by 
69.5%. The ethylene synthesis increased when the assessment 2–7 days after the 
process in plant assays of R. fragariae + T. viride treatment. The maximum SOD 
activity was considered at day 6 (T3, T4, and T5), increased at day 7, and stayed high 
at day 8 on the treatment of T3, T4, and T5 in field and greenhouse studies. The T3 
treatment showed superlative CAT activity on day 4, while T4 and T5 remained 
stable until the end of the field and greenhouse trials. The Trichoderma treatments of 
plant fruit numbers showed a difference: T3, T4, and T5 had maximum fruit but T2 
had minimum fruit in the greenhouse and field. In strawberry plants treated with 
Trichoderma, there was a lower disease incidence and a bulkier root than in the other 
plants [100]. Different isolates of T. viride, T. viride, T. hamatum, T. koningii, and T. 
harzianum species were obtained from soil samples taken from strawberry produc-
tion areas in Buhayre province in Egypt. These isolates were evaluated against M. 
phaseolina (M1 and M3 isolates) isolated from strawberries showing symptoms of 
charcoal rot disease from the same region under in vitro and greenhouse conditions. 
As a result of the dual culture test, T. viride isolates had the highest inhibition rate 
against M. phaseolina isolates. As a result of the study conducted under greenhouse 
conditions, it was reported that T. hamatum (1, 2) application had the best effect on 
the survival rate of pathogen-infected plants [101]. Korkom and Yildiz [102] investi-
gated ten Trichoderma isolates isolated from the soil of strawberry production areas 
in Aydin province, Türkiye, and their obtained effects on M. phaseolina under in 
vitro and in vivo conditions. Within the scope of antagonistic studies carried out in 
vitro, it was determined that Trichoderma isolates limited the mycelial growth of M. 
phaseolina by 25.9–59.1% in dual culture and VOCs formed by Trichoderma isolates by 
13.3–30.0%. In addition, it was determined that Trichoderma isolates reduced 
microsclerot formation in the dual culture assay by 11.7–63.1% and the effect of 
volatile compounds by 9.7–77.3%. In vivo, the study was carried out by simultaneous 
application of antagonists and pathogen to strawberry plants (cv. Rubygem) 
(Tr + Mp) and pathogen inoculation 15 days after antagonists application 
(Tr + Mp15). Tr28 showed the highest weight rate (36.47%) and no plant death was 
observed in Tr + Mp. In Tr + Mp(15), Tr25 was observed the highest wet weight rate 
(47.37%) and plant death did not occur in Tr26, Tr24, Tr21, Tr28. T. harzianum 
(sixteen isolates), T. virens (three isolates) were obtained from the soil in strawberry 
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production areas of Aydin province, Türkiye. The effects of these isolates on M. 
phaseolina and plant growth in strawberries (cv. Festival) under in vitro and in vivo 
conditions. Tvr4 (T. virens) inhibited the highest rate (66.4%) of mycelial growth of 
the pathogen in the dual culture test. The VOCs produced by Tvr2 limited the 
mycelial growth of the pathogen (33.3%). Thr15 (T. harzianum) and Tvr4 reduced 
the highest rate of microsclerot formation by 80.5%, 73%, respectively. Thr15 
provided the highest plant wet weight rate (281.95%) when the antagonists and 
pathogen were applied to the soil at the same time in vivo assay. Furthermore, no 
mortality occurred in plants treated with Thr13 and Thr14 isolates. Thr20 was 
determined to be the isolate with the highest plant wet weight rate (411.47%) in the 
pathogen when it was applied to the soil 15 days after the antagonist’s application. No 
mortality occurred in the plants applied at Thr13 and Thr14. Thr22 and Thr6 pro-
vided high wet weight rates of 344.93%, 331.15%, respectively, in the plant growth 
assay [103]. The isolation and identification of Trichoderma spp. from different 
agricultural areas of Aydin province, Türkiye. Eighty-eight Tichoderma isolates were 
obtained from 165 soil samples in Aydin province. T.  afroharzianum, T. guizhouense, 
and T. harzianum by morphological and molecular identification in this study of 
Trichoderma isolates. The T. guizhouense isolates obtained in this study are the first 
records for Türkiye. These antagonistic isolates were carried out to determine their 
biological control potential against charcoal rot disease and plant growth in straw-
berries in vitro, in vivo, and in field conditions. In vivo and field studies were carried 
out on the Fortuna strawberry variety, and the trials were repeated for two years. As 
a result of the study conducted under greenhouse and field conditions, the TrMix 
application had the best effect on plant mortality (mean 14.1%) and yield (mean 
29.7%). In field studies, native T. afroharzianum isolates were applied five times 
during strawberry production per season and were successfully colonized in the soil. 
Moreover, all Trichoderma isolates showed the highest enzymatic activities, including 
chitinase, sellulase, and sidephore [35].

5. Conclusions

From the perspective of agriculture, the main issues surrounding soil and environ-
mental health include an increase in pesticide residue in soil and water, a decrease in 
soil-beneficial microorganisms, changes to the physical and chemical makeup of the 
soil, and pesticide resistance of the pathogen. This chapter of the book compiled how 
novel Trichoderma species control soil-borne diseases in strawberries. Many studies 
have indicated that Trichoderma species have multiple beneficial effects on strawber-
ries, that not only include disease control, but also the stimulation of plant growth, 
increased yield, uptake of nutrients, and healing of crop quality. Therefore, the 
interactions that take place between soil-borne pathogens, micro- or macroorganisms, 
and even the physicochemical environmental conditions, it is crucial to thoroughly 
comprehend these interactions as possible for disease management measures to apply 
them as effectively in strawberry production. Additionally, further research is needed 
to develop models for different systems to assess the application of native Trichoderma 
isolates in strawberries.
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Chapter 6

Research of Antioxidant Activity of
Aronia melanocarpa Fruits and
Viburnum opulus Fruits
Valentina Golikova

Abstract

The general interest and the possibility of extensive use of polyphenol compounds
determines the relevance of search of new low-cost and available sources of raw
rnaQ-ial. In this aspect the Aronia melanocarpa. Viburnum op ulus are promising. I
decided to determine the optimal concentration of ethyl alcohol, providing the highest
antioxidant activity were prepared tinctures A. melanocarpa fruits, Viburnum opulus
fruits and their combination. For this I took tinctures were made 1: 5 with percolation.
Alcohol (40%, 70%, 95%) was used as an extracting agent; medicinal plant material -
V. opulus fruits, A. melanocarpa fruits. Study of AOA was carried using test systems
and method of EPR spectroscopy. Statistical analysis of the obtained data was done
with Statgraphics (n = 6). Conclusion: The highest antioxidant activity was shown
tincture V. opulus fruits 40%. In that way the optimal concentration of ethyl alcohol,
providing the highest antioxidant activity is 40%.

Keywords: antioxidant activity, Aronia melanocarpa fruits, Viburnum opulus fruits,
tincture, plant

1. Introduction

The development of modern medicine makes it possible to prevent and cure many
diseases. At the same time, significantly increased the number of chronic diseases has
greatly increased. In search of new effective and safe drugs, clinicians and pharma-
cologists turn to medicinal plants.

The organism has its own system of fighting excessive amounts of free radicals, but
it is weakened by the adverse effects of the environment and needs constant support
from outside. Many studies have proven that flavonoids are able to bind free radicals,
therefore, exhibit antioxidant activity.

The “French paradox” that caused surprise made scientists pay attention to poly-
phenolic compounds of plants. Polyphenols, diverse in their structure, have a diverse
pharmacological effect on the human body.

The general interest and the possibility of extensive use of polyphenol compounds
determines the relevance of search of new low-cost and available sources of raw
material. In this aspect the A. melanocarpa. V. opulus are promising [1].
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1.1 A. melanocarpa

Aronia prune - A. melanocarpa (Michx.) Elliott., family of Rosaceae - Rosaceae. A
few decades ago, few people knew about Aronia prune. Since 1843, aronia has been
grown only in botanical gardens. However, local residents of Altai began to taste the
fruits of an unknown plant, as a result of which many began to feel much better:
headaches stopped, gastrointestinal disorders passed, sleep improved. These observa-
tions formed the basis for a detailed study of the chemical composition of berries and
the determination of their therapeutic effect in the clinic, which began in 1953.

A. melanocarpa is a small shrub up to 2.5 m high. Shoots are numerous with simple
whole leaves obovate and saw-edged; leaves are dark green, turning red in autumn.
The flowers are regular, five-membered, white or slightly pink, collected in
corymbose inflorescences Figure 1.

1.2 The main groups of biologically active substances of A. melanocarpa

Aronia fruits contain a P-vitamin complex consisting of flavonoids: rutin, cate-
chins, quercetin, hesperidin, anthocyanins, as well as a significant amount of ascorbic
acid (up to 110 mg%).

Other groups of BAS:

1.tannins (upto 0.6%),

2.organic acids,

3.sugars (fructose, glucose, etc. (up to 10%)),

4.glucoside-amygdalin (5–30 mg),

5.pectin substances (up to 0.75%),

6.vitamins of group В, A, C (up to 100 mg%).

Figure 1.
Appearance of Aronia melanocarpa.
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Of inorganic substances, fruits contain:
Aronia is distinguished by a large set of trace elements — it contains boron,

fluorine, iodide compounds (6–10 micrograms per 100 g of fresh fruit), iron, copper,
manganese, molybdenum. Se accumulates.

From the above, it can be concluded that the chemical composition of various parts
of the plant is quite diverse, but the main class of biologically active substances
contained are flavonoids [2].

1.3 Pharmacological properties

Aronia lowers cholesterol in the blood of patients with atherosclerosis. Fresh, dry,
pureed fruits with sugar and juice of aronia are used for therapeutic and prophylactic
purposes in various conditions accompanied by increased permeability of blood ves-
sels — glomerulonephritis, radiation damage, rheumatism, allergies, measles, typhus,
scarlet fever.

The fruits of aronia contain sorbitol, which is important for the nutrition of
patients with diabetes mellitus, with diseases of the liver and biliary tract. Fruits and
juice of aronia, which preserve vitamins well, increase the body’s defenses, increase
appetite, increase the digestibility and acidity of gastric juice.

Fresh fruits are used as a vitamin remedy for hypo- and vitamin deficiency P and
hypertension of stages 1 and 11.

The juice helps strengthen the walls of blood vessels. The leaves contain substances
that improve liver function, the formation and outflow of bile [3].

Recently, substances have been identified in aronia that increase blood pressure to
normal, if it was reduced. P-active compounds of aronia fruits have the ability to bind
and remove radioactive strontium from the body. Preparations from aronia have
vasodilating properties.

Among many doctors, there was a fear that the use of aronia would cause increased
thrombosis in the human body. This fear was based on the fact that aronia contains a
large number of substances with P-vitamin properties. However, experimental and
clinical studies have shown that aronia affects blood clotting only in cases when it is
lowered, that is, with bleeding.

1.4 Viburnum opulus

V. opulus is a small branching shrub or a small tree 1.5–4 m high with graybrown
bark. The leaves are petiolate, opposite, broadly ovate or rounded, 5—8 cm long and
5–8 cm wide, three-five-lobed Figure 2 [1].

The main groups of biologically active substances of viburnum vulgaris: the fruits
contain carbohydrates: fructose, glucose, sucrose, mannose, galactose, xylose, arabi-
nose, polysaccharides; pectin substances, organic acids: aceticand isovaleric (up to
3%); triterpenoids: oleonolic and hederagenic acids and their acetyl derivatives,
ursolic acid; steroids, vitamin C (up to 0.09%) and carotene; phenol-carboxylic acids
and their derivatives. Also flavonoids, tannins, catechins.

1.5 Pharmacological properties of Viburnum opulus

The infusion is used as a vitamin, diaphoretic, diuretic and disinfectant. Liquid
extract and decoction, used as a hemostatic agent, mainly for uterine bleeding.
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Flavonoids are a numerous group of phenolic compounds, the structure of which
is based on a skeleton consisting of 2 benzene rings connected by a three-carbon
chain [4].

1.6 Pharmacological action of flavonoids

Most flavonoids have high P-vitamin activity, that is, they are able to reduce the
fragility and permeability of capillary walls. Currently, preparations with
antiinflammatory and anti-ulcer effects, as well as choleretic and hepatoprotective
have been obtained on the basis of flavonoids. As a result of recent studies,
hypoglycemic and antiviral drugs have been obtained.

Flavonoids have an antispasmodic effect. Flavonols mainly affect the neutralizing
function of the liver, the mechanism of action is associated with changes in redox
processes in the mitochondria of liver cells.

Isoflavonoids have a moderate estrogen-like effect, they are sometimes referred to
as phytoestrogens. Raw materials containing these compounds (species of the genus
clover) are used in the production of biologically active additives, which are used in
gynecology for various hormonal disorders.

Thus, it can be concluded that flavonoids have versatile pharmacological activity,
which, with low toxicity, makes them a very valuable and promising group of
biologically active substances [1, 2].

1.7 Antioxidant activity of plant material

Antioxidants are substances that slow down or prevent the oxidation of organic
compounds. They protect our body from the bad effects of free radicals. The antiox-
idant creates a barrier to the destructive action of an additional electron when it
combines with a free radical. The body converts the cellular oxidant into water and
oxygen with the help of an enzymatic defense system.

Oxygen is a powerful oxidizer, oxidation reactions with its participation are a
source of energy for many living organisms. On the other hand, oxygen compounds

Figure 2.
Appearance of Viburnum opulus.
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are formed during metabolism, which destroy the cell structure. As a result, metabo-
lism is disrupted not only in the cell, but throughout the body. The role of antioxidants
is to bind and remove free radicals from the body.

The body has its own system for combating excessive amounts of free radicals, but
it is weakened due to exposure to polluted environments, smoking, direct sunlight and
needs support. It was found that many plants contain substances flavonoids - a large
group of compounds with a polyphenolic structure that bind free radicals, that is, they
are antioxidants [5].

1.8 The role of free radicals in a living organism

A free radical is an atom or group of atoms having an unpaired electron at the last
electronic level, which makes them extremely unstable. In this state, free radicals trap
vulnerable proteins, enzymes, lipids, and even whole cells. By taking an electron from
a molecule, they inactivate cells, thereby disrupting the fragile chemical balance of the
body. When the process happens again and again, a chain reaction of free radicals
begins, while cell membranes are destroyed, important biological processes are
undermined, mutant cells are created. Free radicals can reversibly or irreversibly
destroy substances of all biochemical classes, including free amino acids, lipids,
carbohydrates and connective tissue molecules [6].

Over the past few years, it has been proven that antioxidants are extremely useful
for the body - they prevent the development of cardiovascular diseases, protect
against cancer and premature aging, also increase immunity and much more. The last
decade has provided a lot of evidence proving that free radicals play a role in the
development of many diseases. If free radicals oxidize lipids, a dangerous form of lipid
peroxide is formed. Many scientists associate the formation of lipid peroxides with
cancer, heart disease, accelerated aging and immune deficiency.

Free radicals are constantly formed in the body, so there must be antioxidant
protection from them, which is one of the most important components of immunity in
general. It is important to supplement your diet with natural substances - antioxi-
dants, which enhance protection against free radicals, thereby increase immunity, the
body’s resistance to adverse external factors, slow down the aging process [5].

The most important antioxidants are: vitamins С, E, beta-carotene, selenium,
bioflavonoids (vitamin-like substances contained in the skin of plants - oranges,
lemons, tomatoes, etc.). Many plant extracts, vitamins, amino acids, minerals, trace
elements have antioxidant properties either directly or indirectly, as they are part of
antioxidant enzymes.

About 5000 flavonoids - antioxidants with a wide range of healing effects were
found in plants. They have vasodilating, antitumor, anti-inflammatory, bactericidal,
immunostimulating and antiallergic properties.

Any organism can be considered as an example of a balanced and well-functioning
antioxidant system consisting of many components - vitamins (vitamins С, E, P),
enzymes and trace elements (selenium, zinc), polyphenolic compounds (flavonoids),
and sulfurcontaining amino acids (cysteine, methionine), as well as the tripeptide
glutathione. These are only some compounds that have an antioxidant effect. The
chemical nature of these compounds is diverse, among them there are both water- and
fat-soluble components. The main principle on which the action of the antioxidant
system of a living organism is based is synergy. It consists in the fact that the
components of the system work together, restoring each other and enhancing the
effectiveness of the action [6].
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In the course of the work, research objects and auxiliary substances were used,
which corresponded in terms of qualitative indicators and quantitative content to the
requirements of regulatory documentation.

2. Material and methods

Tinctures were made 1:5 with percolation. Alcohol (40%, 70%, 95%) was used as
an extracting agent; medicinal plant material - V. opulus fruits, Aronia melanocarpa
fruits. Study of AOA was carried using test systems and method of EPR spectroscopy.
Statistical analysis of the obtained data was done with Statgraphics (n = 6).

Tinctures were obtained in a ratio of 1:5 by percolation, extractant - 40%, 70%,
95% ethyl alcohol. As medicinal plant raw materials used: V. opulus fructus, A.
melanocarpa fructus, and their combination (0.5,0.5). The total content of flavonoids
in terms of catechin was carried out as follows: for the preparation of the standard,
20 mg of catechin was taken and placed in a 50 ml flask, brought to the mark with
purified water. 1.4 ml of purified water and 100 ml of the test sample, 60 ml of 5%
sodium nitrite solution and 60 ml of 10% aluminum chloride solution were placed in
the cuvette and mixed well. To prepare a reference sample, 1.4 ml of water, 100 ml of
catechin solution, 60 ml of 5% sodium nitrite solution and 60 ml of 10% aluminum
chloride solution are placed in a cuvette. They were kept for 5 minutes in a thermostat
at 25°C, then 0.4 ml of IM NaOH was added, mixed well and the optical density was
measured at 510 nm. Further calculations were carried out according to the calibration
schedule [7].

The antioxidant activity was determined using the free radical 1,1-diphenyl-l-
picrylhydrazyl (DPPG), using electron paramagnetic resonance (EPR). This method is
based on the determination of changes in the concentration of DPH as a result of a
reaction with an antioxidant. EPR operates under the influence of a magnetic field
with a constant frequency (microwave). The EPR spectrometer at the Faculty of
Pharmacy of the Warsaw Medical University operates in the X band (microwave
9.4 GHz) [8].

Dilute 50 ml of each tincture with water. Add a DFPG of about 1.3 mm. Stir on a
Vortex machine for 30 seconds. The solution is kept for 20 minutes in a dark place and
re-mixed. The capillary is filled with the resulting solution and EPR spectra are
recorded [9].

3. Research results and their discussion

The content of flavonoids (in terms of catechin) in tinctures (mg КА/ml): Aroniae
melanocarpae + Viburni opuli 40% - 5.9766 � 0.455576; Aroniae melanocarpae 70% -
1.00667 � 0.253739; Aroniae melanocarpae + Viburni opuli 95% - 2.07 + 0.0496828;
Aroniae melanocarpae 70% - 548,667 � 0,339,095; Aroniae melanocarpae 95% -
0.713333 � 0.0143422; Aroniae melanocarpae 40% - 3.37 � 0.430265; Viburni opuli
70% - 5.17333 + 0.539883; Viburni opuli 40% - 6.00333 + 0.6212; Viburni opuli 95% -
2.26333 � 0.248827 Figure 3. Statistical processing in appendix 1 Tables 1–3.

Thus, the following conclusions can be drawn:

1.The quantitative content of flavonoids in tinctures based on Viburnum opulus
fructus, Aroniae melanocarpae and their combinations were determined;
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2.The optimal alcohol concentration was determined, which provides the highest
yield of flavonoids. Such concentrations are 40% and 70%:

• In tinctures based on Aronia melanocarpa fructus, the largest amount of
flavonoids is contained in 70%concentration and is 5.48667 � 0.339095;

• In a tincture based on V. opulus fructus, the highest content of flavonoids is
manifested in 40% concentration and is 6.00333 � 0.6212;

• In the combined tincture, the highest content of flavonoids is observed in
40% concentration and is 5.9766 � 0.455576.

3. It was found that the largest amount of flavonoids contains 40% tincture of 1
krnoaddU-JClJS (16.00333 � 0.6212).

Antioxidant activity (mg/ml): Aroniae melanocarpae 40% - 44.63 � 0.08618,
Aroniae melanocarpae 70% - 13.86 � 0.06992, Aroniae melanocarpae
95% - 18.09 � 0.02548, Aroniae melanocarpae + Viburni opuli 40% -
57.76 � 0.08455; Aroniae melanocarpae + Viburni opuli 70% - 71.39 � 0.3164;
Aroniae melanocarpae + Viburni opuli 95%- 24.55 � 0.07154,
Viburni opuli 40% - 162.97 � 0.0322; Viburni opuli 70% - 158.06 � 0.0186;
Viburni opuli 95%-37.06 � 0.08178 Figure 4. Statistical processing in appendix 2
Tables 4–6.

The results of the study were processed statistically using STATGRAPHICS Plus
for Windows (n = 6).

Thus, the following conclusions can be drawn:

1.Antioxidant activity was determined in tinctures based on viburnum vulgaris,
aronia melanocarpus and their combinations;

Figure 3.
The content of flavonoids in the studied tinctures.
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2.Having determined at what concentration of alcohol the greatest antioxidant
activity is manifested, we have obtained that:

• In tinctures based on Aronia melanocarpa fructus, the greatest antioxidant
activity is manifested in 40% concentration and amounts to
44.63 � 0.08618;

• In the tincture based on viburnum ordinary fruit, the greatest
antioxidant activity is manifested in 40% concentration and is
162.97 � 0.0322;

• In the combined tincture, the greatest antioxidant activity is manifested in
70% concentration and is 71.39 � 0.3164.

3. It was found that the greatest antioxidant activity is shown by 40% tincture of
viburnum vulgaris (162.97 � 0.0322).

4. Conclusion

The highest antioxidant activity was shown tincture Viburnum opulus fruits 40%.
In that way the optimal concentration of ethyl alcohol, providing the highest antiox-
idant activity is 40%.

A. Appendices 1

See Tables 1–3.

Figure 4.
Results of antioxidant activity in the studied tinctures.
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Raw
material

Alcohol
concentration

(%)

Optical
density

Content of
flavonoids

(divided), mg
KA/ml

Content of
flavonoids

(concentrated), mg
KA/ml

Average

A.
melanocarpa
fructus

40 0.220 0.16 3.47 3.37 � 0.430265

0.241 0.17 2.47

0.241 0.17 3.47

70 0.073 0.005 0.88 5.48667 � 0.339095

0.060 0.04 0.89

Table 1.
Results of determining the quantitative content of flavonoids in the tincture of Aronia melanocarpa fructus.

Raw material Alcohol
concentration

(%)

Optical
density

Content of
flavonoids

(divided), mg
KA/ml КА/мл

Content of
flavonoids

(concentrated), mg
KA/ml

Average

Aroniae
melanocarpae +
Viburni opuli
fructus

40 0.428 0.31 6.12 5.9766 � 0.455576

0.422 0.30 6.04

0.403 0.29 5.77

70 0.388 0.28 5.55 5.48667 � 0.339095

0.372 0.27 5.33

0.390 0.28 5.58

95 0.144 0.10 2.09 2.07 � 0.0496828

0.141 0.10 2.05

0.143 0.10 2.07

Table 3.
Results of determining the quantitative content of flavonoids in the tincture of Aroniae melanocarpae + Viburni
opuli fructus.

Raw
material

Alcohol
concentration

(%)

Optical
density

Content of flavonoids
(divided), mg KA/ml

Content of flavonoids
(concentrated),

mg KA/ml

Average

V.
opulus
fructus

40 0.220 0.16 3.17 6.00333 � 0.6212

0.241 0.17 3.47

0.241 0.17 3.47

70 0.364 0.26 5.37 5.17333 � 0.539883

0.375 0.27 5.37

0.345 0.25 4.94

95 0.149 0.11 2.16 2.26333 � 0.248827

0.157 0.11 2.27

0.163 0.12 2.36

Table 2.
Results of determining the quantitative content of flavonoids in the tincture of Viburnum opulus fructus.
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B. Appendices 2

See Tables 4–6.

Raw material Alcohol
concentration (%)

DDPH (mg/ml),
divided

DDPH (mg/ml),
concentrated

Average

A. melanocarpa
fructus

40 2.07 41.47 44.63 � 0.08618

2.11 42.29

2.51 50.12

70 0.28 5.65 13.86 � 0.06992

1.02 20.44

0.77 15.48

95 0.09 1.85 8.09 � 0.02548

2.09 41.85

0.53 10.56

Table 4.
Results of determination of antioxidant activity in tincture of Aronia melanocarpa fructus.

Raw
material

Alcohol
concentration (%)

DDPH (мг/мл),
divided

DDPH (мг/мл),
concentrated

Average

V. opulus
fructus

40 4.14 206.89 162.97 � 0.0322

3.09 154.57

2.55 127.44

70 0.98 68.71 158.06 � 0.0186

4.21 294.82

1.58 110.66

95 0.30 14.88 37.06 � 0.08178

0.96 47.96

0.97 48.34

Table 5.
Results of determination of antioxidant activity in tincture of Viburnum opulus fructus.
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Raw material Alcohol
concentration

(%)

DDPH (мг/
мл), divided

DDPH (мг/мл),
concentrated

Average

Aroniae melanocarpae +
Viburni opuli fructus

40 2.96 59.18 57.76 � 0.08455

2.38 47.53

3.33 66.57

70 3.10 62.08 71.39 � 0.3164

3.88 77.64

3.72 74.45

95 1.11 22.19 24.55 � 0.07154

Table 6.
Results of determination of antioxidant activity in tincture of Aroniae melanocarpae + Viburni opuli fructus.
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Chapter 7

Mulberry
Zoha Sohail

Abstract

Mulberry plant belongs to the family Moracea from the genus Morus and can be 
cultivated in mountains, plains, and valleys, even in humid and rain-fed areas. Many 
various varieties of this plant are present around the world, but three prime varieties 
include, that is, native red mulberry (Morus rubra), East Asian white mulberry  
(Morus alba), and southwestern Asian black mulberry (Morus nigra). The presence 
of certain biologically active compounds in its fruit provides several pharmacological 
benefits to health. Polyphenols, flavonols, anthocyanin, flavonoids, anthocyanins, 
benzoic acid, and hydroxycinnamic acid are the major bioactive active compounds 
responsible for pharmacological benefits, that is, anticholesterol, antidiabetic, anti-
oxidative, and antiobesity effects fruit of this plant can be consumed as whole fruit, 
as juice, and as spread but its preservation is difficult due to its high water content. 
Therefore, this chapter will aim to focus on different types of mulberry plants and the 
pharmacologic benefits of different mulberry fruits.

Keywords: mulberry, Morus alba, Morus rubra, Morus nigra, biological active 
compounds, pharmacologic benefits

1. Introduction

The family Moraceae shelters mulberry (Morus), an East Asian plant; throughout 
the world, this plant is widely spread in various biological and geographic zones by 
farming in tropical, subtropical, and temperate climates and by natural occurrence 
in forestry [1]. The word “mulberry” has a stimulating etymological progression; 
the German word for berry, beri, was combined with the Latin word Morus to create 
the word múlbere, múlbere was then transformed into the German name Maulbeer, 
afterward which was then morphed into the Dutch word moerbezie, and ultimately 
was transformed to mulberry an English word [2]. Its origin is in Asia, grows in length 
to about 16 m, an ecologically important plant as its leaves are used as feed for silk-
worms and this plant is wind cross-fertilized and also set fruit without pollination [3]. 
Depending on the plant’s age and cultivars, mulberry fruit contains a wide diversity of 
nutritive and bioactive compounds, that is, amino acids, fatty acids, vitamins, miner-
als, rutin, quercetin, anthocyanins, chlorogenic acid, and polysaccharides. Due to the 
presence of these compounds in its fruit, it possesses antioxidative, neuroprotective, 
antiatherosclerotic, immunomodulative, antitumor, antihyperglycemic, and hypolip-
idemic properties [4] among berries; mulberries are richest in phenolics and anthocy-
anins [5]. Mulberry fruits are categorized as functional foods owing to the occurrence 
of these bioactive chemicals and the provision of medicinal properties important for 
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human health [6]. Although this fruit is native to Asia but has been broadly spread to 
Europe, Asia, North America, Africa, Latin America, and South America [7]. Three 
main types of this plant include white mulberry (M. alba) originated in Western Asia, 
red mulberry (Morus rubra) originated in North and South America and black mul-
berry (Morus nigra) originated from Southern Russia [8]. The Mulberry plant offers 
multibenefits, that is, food, fodder, and fuel; its fruit is eaten as a raw fruit as fruit 
juice as fruit puree, and also used in sericulture [9] used as molasses, vinegar, and 
jam [10]. Communities in southeast region consume dried mulberries as an appetizer. 
They process mulberry in its juice and then combine the juice with starch afterward, 
boiling and drying under the sun, forming pestil; they also mix mulberry fruit juice 
with starch and walnut kernel, forming a solid sausage shape and lastly, drying 
under the sun forming kome [11] thus providing substantial marketing value due to 
the nutritious and distinct characteristics [10]. It has been affirmed that mulberry 
fruits and their products, such as molasses, juices, compotes, and jams, could aid in 
the management of some coronary, gastric, and intestinal problems [12]. Agrarians 
in China and India cultivate mulberry plants for silkworms, and European cultivate 
mulberry plants for their fruit [13]. With respect to fruit production, there are three 
prime varieties of mulberries, that is, M. alba, Morus rubra, and Morus nigra.

2. Major types of mulberry fruit

2.1 White mulberry (M. alba)

M. alba plant is also known as Tutam in Sanskrit, Tut in Hindi, Mulberry in 
English, Malbari in Malayalam, and Musukette in Tamil. This plant is moderately 
sized, three to six meters tall, and categorized as a shrub or tree. In Chinese medicine, 
M. alba plant provides a long list of medicinal benefits and traditionally its fruit is 
traditionally used to nourish blood, treat anemia, fatigue, and prevent premature 
graying of hair. Besides its fruit, all its parts offer medicinal benefits in treating 
asthma, edema, cough, bronchitis, insomnia, influenza, diabetes, eye infections, and 
nose bleeding. The indigeneous system has providediuretic, laxative, antibacterial, 
and anthelmintic properties [14].

2.2 Red mulberry (M. rubra)

Morus is a Latin word for mulberry, and rubra is a Latin word for red. Trees of 
this plant are found in damp soils, floodplains, and moist sites in South Florida, West 
Texas, Minnesota, Ontario, and mid-Atlantic regions. In different areas, different 
parts of this plant are used to treat diseases, that is, Albama and Indians are using its 
root to treat urinary tract issues, its juice is being used by Rappahannock community 
to treat ringworm by rubbing over the skin, Cherokee uses its bark to eliminate intes-
tinal worms by steeping its bark and ingesting the liquid lastly, its root bark is used in 
Meskwaki to treat many ailments [2].

2.3 Black mulberry (M. nigra)

M. nigra is a species of plant in the family Moraceae, innate in humid, subtropi-
cal, and pleasant zones in Asia, Europe, North America, South America, and Africa 
[13]. This is one of the very important specie of Morus genus, its sensory evaluation 
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indicates that it has sweet, sour, musky and woody flavors and has woody, fresh 
aroma physiognomies [15], dark black color of the fruit due to the presence of antho-
cyanins [16]. This plant is grown in many countries without any particular protection, 
and fortunately, its barks, leaves, and berries all provide medicinal properties, that 
is, berries for treating inflammation and blood bleeding, bark for treating toothache, 
and leaves are used as an antidote. Fortunately, its trees are super resistant to pests 
and other diseases, due to which its fruit can make products with good nutritional 
value leading to healthy, organic, and ecological lifestyle [17]. In Europe, leaves of 
M. nigra have been used to stimulate the production of insulin production in people 
with diabetes mellitus [18]. In Turkey, M. nigra has been used in folk medicine to treat 
fever, to buffer the liver, to support joints, to manage blood pressure, and to assist the 
passage of urine [19].

3. Nutritional composition of mulberry fruit

Mulberry fruit, when ripened, offers great taste, aroma, and flavor. It is valued 
to consume it as raw fruit rather than consuming it in its processed form [20]. The 
nutritional composition of fruits is dependent on the ripeness, type of soil, season, 
variants in genotypes, and postharvest observations. Taste, color, and browning of the 
fruit are dependent on the concentration of phenolics compounds [21]. Mulberry fruits 
contain good water content, that is, >70%, are low in calories, and are rich in nutrients 
and antioxidants; they have great composition to maintain a healthy body status [22]. 
Mulberries are an excellent combination of polyphenols, that is, flavones, isoflavanols, 
lignans, tannins, anthocyanins, catechins, and flavonols. The popularity of this fruit in 
the human fruit is basically due to the presence of these phytochemicals [23].

Mulberries grown in the Xinjiang region of China have high potassium content, 
followed by calcium and magnesium, the high iron content of black mulberry from 
China has made them a valuable source for overcoming iron deficiencies. A high 
percentage of linoleic acid, that is, 52.3% present in white mulberry obtained from 
Xinjiang, China [24]. 4.2 mg/100 g iron is present in M. alba and nigra, Russian 
mulberry and black mulberry obtained from China have high iron content rang-
ing from 11.4 to 11.9 mg/100 g FW, and the bioavailability of iron can be enhanced 
by vitamin C’s chelating properties; the highest value of vitamin C is present in M. 
alba (22.4 mg/100 ml) followed by M. nigra (21.8 mg/100 ml) and then M. rubra 
(19.4 mg/100 ml) [22]. In context to the fatty acid composition of mulberry fruits, 
linoleic acid is the most dominant one, followed by palmitic and oleic acid [22]. 
Mulberry fruits obtained from southeastern Spain contain a good percentage of 
protein and are considered as a high protein source; M. alba has high protein content 
than M. nigra [25].

3.1 Major phytochemicals

Anthocyanins: A flavonoid and a major contributor to the color of flower and fruit 
ranging from red to blue and purple, gained great importance due to its biological 
benefits, that is, antitumor, antidiabetic, and antioxidant properties. Mulberry fruit 
contains many various types of anthocyanins, that is, cyanidin-3-glucoside (C3G), 
cyanidin-3-rutinoside (C3R), pelargonidin-3-glucoside, pelargonidin-3-rutinoside, 
cyanidin 3-O-(6“-O-α-rhamnopyranosyl-β-D-glucopyranoside), cyanidin 3-O-(6”-O-
α-rhamnopyranosyl-β-D-galactopyranoside), cyanidin 3-O-β-D-galactopyranoside, 
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cyanidin 7-O-β-D-glucopyranoside, and petunidin 3-O-β-glucopyranoside. Among 
these all, the most principle one in mulberry fruit is C3G and then C3R, also con-
tains minimal amounts of pelargonidin-3-glucoside and pelargonidin-3-rutinoside, 
these two compounds, that is, cyanidin 3-O-(6’-O-α-rhamnopyranosyl-β-D-
glucopyranoside) known as keracyanin and cyanidin 3-O-(6’-O-α-rhamnopyranosyl-
β-D-galactopyranoside) have been identified by high-speed counter current 
chromatography [4].

Flavonols and flavanols: flavonols present in mulberry fruit include rutin, quer-
cetin, quercetin 3-O-rutinoside, quercetin 3-oglucoside, quercetin 3-O-galactoside, 
myricetin, kaempferol, kaempferol 3-O-glucoside, and kaempferol3-O-rutinoside 
and flavanols present in it include catechin, epigallocatechin gallate, epicatechin, 
procyanidin B1, and procyanidin B2. Among all these, rutin is the most abundant one 
flavonols, quercetin, and kaempferol’s derivatives are its major components and their 
glycosylated forms, that is, quercetin 3-O-glucoside, quercetin 3-O-galactoside, and 
kaempferol3-O-rutinoside are found in some mulberry fruits [4].

Phenolic compounds and alkaloids: hydroxycinnamic acid and benzoic acid are 
two basic phenolic compounds in mulberry fruit. Compounds in hydroxycinnamic 
acid include chlorogenic acid, ferulic acid, p-coumaric acid, o-coumaric acid, and 
caffeic acid compounds in benzoic acid include gallic acid, p-hydroxybenzoic acid, 
syringic acid, protocatechuic acid, and vanillic acid. Among all these, chlorogenic 
acid occurs in the highest amount in mulberry, that is, 5.3–17.3 mg/100 g DW. Other 
major phenolic compounds include gallic acid, that is, 7.33–23.34 mg/100 g DW and 
cinnamic acid, that is, 11.64–15.05 mg/100 g DW. The concentration of phenolic 
compounds in different mulberries varies as geographical area and environmental 
factors, that is, temperature, light, humidity, and degree of maturity [4]. Alkaloids 
are pharmacologically active, therapeutic, and nitrogen-containing compounds [26]. 
In white mulberry, through NMR Spectroscopy, five alkaloids have been found, that 
is (morrole B, C, D, E, and F), and alkaloids present in other mulberry fruits include 
2-formyl-5-(hydroxymethyl)-1H-pyrrole-1-butanoic acid, 5-(hydroxymethyl)-
1H-pyrrole-2 carboxaldehyde, 2-formyl-1H-pyrrole-1-butanoic acid, and 2-formyl-
5-(methoxymethyl)-1H-pyrrole-1-butanoic acid [27].

Aromatic and volatile compounds: Aromatic compounds, that is, benzaldehyde, 
ethyl butanoate, (E)-2-nonenal, 3-mercaptoethanols, and 1 hexanol are present in 
mulberry fruits [28] and volatile compounds present in white and black mulberry fruits 
include 2,4-nonadienal, methyl hexanate, limonene, octanol, and ethyl hexanoate [29].

Melatonin: A neurohormone also known as N-acetyl-5-methoxytryptamine, 
produced by the pineal gland, has a role in regulating circadian rhythms and sleep ail-
ments and also possesses antioxidative and anti-inflammatory properties. Many fruits 
including mulberry have a good percentage, but the percentage differs as per fruit 
development, that is, high levels (5.76 ng/g FW) present in stage 1 and then decreased 
in stage 2 and 3 [4].

3.2 Nutrient composition of three major types

Mulberries are a great combination of bioactive compounds, that is, sugars (glu-
cose and fructose), vitamins, minerals, fats (linoleic, palmitic, and oleic acid), and 
phenolic compounds, that is, alkaloids, flavonoids, tannins, and carotenoids [30].

M. alba: M. alba is a great composite of carbohydrates, lipids, proteins, vitamins, 
minerals, and fiber. The percentage of protein in M. alba is higher as compared to 
raspberries, strawberries, and blackberries [31]; it contains all essential amino acids, 
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particularly branched-chain amino acids [21]; other than essential amino acids, M. alba 
also contains nonessential amino acids also its amino acid/total amino acid content is 
42% that is equivalent to a good protein source, that is, fish and milk [32]. Macro and 
micronutrient composition of M. alba show that it contains 1.55 g/100 g dw protein, 
0.48 g/100 g dw lipids, 1.47 g/100 g dw crude fiber, 0.57 g/100 mg dw ash content, 
14.21 g/100 g dw total carbohydrates, moisture of fresh weight (fw) is 81.72 g/100 g 
dw, 7.55 g/100 g fw total sugar content, 0.088 mg/100 g fw riboflavin, 15.2 mg/100 g 
fw ascorbic acid, 0.19–0.37 g/100 g dw calcium, 0.24–0.31 g/100 g dw phosphorus, 
1.62–2.13 g/100 g dw potassium, 0.12–0.19 g/100 g dw magnesium, 28.2–46.74 mg/
kg dw iron, 4.22–6.38 mg/kg dw copper, 12.33–19.38 mg/kg dw manganese, 14.89–
19.58 mg/kg dw zinc, 1.40–2,62 mg/kg dw nickel [33]. M. alba seeds are enriched with 
omega 3 fatty acids [34]. Upon analysis, its quoted that it contains the highest percent-
age of total fats, that is, 1.10%, followed by 0.95% in Morus nigra and then 0.85% in 
M. rubra [35] fatty acids composition shows that it contains linoleic acid and oleic acids 
in good amount along with this also contains trace quantities of eicosadienoic, linolenic, 
stearidonic, eicosanoic, and erucic acid [33]. The concentration of polyunsaturated 
fatty acids is highest in its fruit, that is, 76.68%, then monounsaturated fatty acids and 
lastly, saturated fatty acids [36]. Amount of total phenols is 0.13–0.40 mg GAE/g (fw), 
total flavonoids 29 mg/QE/100 g (fw), anthocyanins 0.36 mg/100 g (dw), carotenoids 
13.16 mg/100 g, total sugars 7.55 g/100 g (fw), fructose 3.0–6.27 g/100 g (fw) and 
glucose 3.1–6.68 g/100 g (fw) [37]. Phytochemical investigation shows that it contains 5 
anthocyanins (phenolic compounds serving as cancer-protective, cardioprotective, and 
inflammation-protective agents) and 25 phenolic compounds [38].

M. nigra: It has been used for medicinal purposes since ancient times because of 
its good compositional status comprising both nutritional and biologically active 
nutrients, that is, carbohydrates (polysaccharides), proteins, vitamins, minerals, and 
polyphenols, that is, anthocyanin and quercetin. Furthermore, extracts of this fruit 
also attain anti-Alzheimer, antimicrobial, antitumor, and anticancerous qualities 
[39]. Amount of moisture 82.40% (fw), ash 0.50% (dw), carotenoids 14.0 mg/100 g 
(dw), protein 0.96 g/100 g (dw), fat 0.95 g/100 g (fw), fiber 11.75 g/100 g (dw), total 
phenols 0.42–0.80 mg GAE/g (fw), total flavonoids 276 mg QE/100 g (fw), total 
sugars 6.64 g/100 g (fw), fructose 1.5–5.63 g/100 g (fw), glucose 1.4–7.75 g/100 g 
(fw), anthocyanins 0.57 mg/100 g (fw), riboflavin 0.04 mg/100 g (fw), niacin 
1.6 mg/100 g (fw), ascorbic acid 11.30–15.37 mg/100 g (fw), iron 4.2–42.13 mg/100 g 
(fw), calcium 132 mg/100 g (fw), phosphorous 232 mg/100 g (fw), sodium 
59 mg/100 g (fw), potassium 922 mg/100 g (fw), magnesium 106 mg/100 g (fw), 
and nickel 0.27 mg/100 g (fw) [37].

M. rubra: Its nutritional composition analysis shows that it contains 1.26 g/100 g 
(fw) protein, 0.85 g/100 g(fw) fat, 3.2–5.41 g/100 g (fw) fructose, 3.3–6.07 g/100 g 
(fw) glucose, 19.38 mg/100 g (fw) anthocyanins, 16.17 mg/100 g (fw) ascorbic acid, 
4.5–57.38, 132 mg/100 g (fw) calcium, 226 mg/100 g (fw) phosphorous, 61 mg/100 g 
(fw) sodium, 834 mg/100 g potassium, 115 mg/100 g magnesium, 3.2–5.04 mg/100 g 
(fw) zinc, 0.37 mg/100 g (fw) nickel, 0.20–0.90 mg GAE/g (fw) total phenols, and 
219 mg QE/100G (fw) total flavonoids [37].

4. Health benefits of mulberry fruits

M. alba is a great composite of bioactive compounds, and due to their presence, 
this fruit has been used in Chinese medicine for treating fever, optical disorders, 
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upper respiratory tract problems, high blood pressure, hypercholesterolemia, and 
joint problems [40]. In 1985 Ministry of Health of China had titled this fruit to be the 
first one to provide curative benefits to health. Korean and Japanese also use this fruit 
for the treatment of sore throat, liver and kidney disorders, and eye health issues [4].

4.1 Antioxidative activity

An antioxidant exhibits radical scavenging effects [41], the ability to transfer its 
electron to the radical to establish cell neutralization [42] and thus possess an antioxi-
dizing nature [23] for the physiological processes reduction in oxidative stress caused 
due to pollutants, alcohol, medicine, illness, poor diet, toxins, and radiations is very 
much important because oxidative mutilation to DNA (deoxyribonucleic acid) pro-
teins and other macromolecules becomes a resourceful reason for many diseases [30].

The phenolic content commands the antioxidative activity of the mulberry fruit, 
dependent on the cultivator, phenotype, amount of phytochemicals in fruit and age; 
as the fruit reaches the maturity age from unripened to ripened, the phenolic content 
increases. A vast variety and good quantity of polyphenols in mulberry fruit offer 
surplus benefits. The antioxidative capacity of mulberry fruit polysaccharides (MFP) 
is amazing, among four fractions of MFP, that is, MFP-1, MFP-2, MFP-3, and MFP-
4, MFP-4 possess the best scavenging properties [4], in vitro studies mulberry fruit 
polysaccharide, that is, MFP3P-Se (selenide of polysaccharide) showed great radical 
scavenging activity as compared to MFP3P [43]. Four mulberry species, that is, alba, 
rubra, nigra, and laevigata, when tested for phenol and alkaloid content, showed 
a higher content of these compounds, that is, (880 ± 7.20)-1650 ± 12.25 mg/100 g 
fresh weight and (390 ± 3.22)-660 ± 5.25) mg/100 g fresh weight, respectively [44]. 
Mulberry fruit anthocyanins possess antioxidative properties verified by mulberry 
juice purification (MJP) and mulberry mark purification (MMP) [45]. Other than 
anthocyanins, mulberry fruits also contains resveratrol, a potent antioxidant; that 
reduces reactive oxygen species [46] and ultimately reduces DNA damage [47].

Due to its great composition, this fruit acts very strongly in radical striking 
areas, mainly skin, tissue, hair, and other areas of the body, thus preventing the 
oxidate stress of these radicals and ultimately reducing blemishes, age-related spots 
and promoting healthy body status [48] also gains the ability to prevent premature 
white hair formation [23], possess the ability to destruct oxidative substances that 
have a role in damaging red blood cells [49]. In context to mulberry fruit protec-
tive action, 70% ethanol extract comprised of 400 μg/mL showed a positive action 
against H2O2-induced oxidative injury of pancreatic MIN6N beta-cells [37]. In 
streptozotocin-induced rats, mulberry fruits boost up the antioxidative defense 
mechanism and lower down damaging oxidative substances [49]. The antioxidative 
potential of black mulberry fruits was assessed by preparing methanol extract and 
using α, α-diphenyl-β-picrylhydrazyln(DPPH). Results concluded the existence 
of high-level antioxidative activity of methanol extracts. In another experimental 
study, ethanol-ethanol water (1:1) and water extracts of black mulberry reported 
great antioxidative activity [50].

4.2 Anti-inflammatory activity

Mulberry fruits contain cyanidin-3-glucodise (C3 G) reported to provide anti-
inflammatory properties, thus inhibiting inflammation and endothelial distinction. 
Researchers have also reported that black mulberries contain flavonoids providing 
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anti-inflammatory response; work against proinflammatory cytokines in mice serum 
[51]. In female mice, tumor growth was inhibited by cyanidin-3-glucoside, ultimately 
leading to apoptosis [22].

4.3 Antibacterial activity

S. epidermidis and placacnes places are the bacterias responsible for acne; black 
mulberry fruit possesses antibacterial properties against these bacterias and has been 
reported to prevent bacterial acne [52]. M. alba’s component; Morin, when investi-
gated against bacterial activity, showed antibacterial properties against Streptococcus 
mutants [53]. Black mulberry possesses more antibacterial properties as compared to 
other mulberries, that is, studies revealed that flavonoids in black mulberry’s possess 
great antibacterial properties against Escherichia coli, Pseudomonas aeruginosa, and 
Staphylococcus aureus than flavoinds present in other mulberry types [54].

4.4 Antiobesity activity

Obesity is the basic root cause of many chronological disorders, that is, diabetes 
mellitus, cardiovascular diseases, and cancer. Around the world risk of obesity and 
its related disorders is now increasing at a great speed which is now a point of con-
cern. Mulberry fruit has been known to provide antiobesity properties. A study was 
conducted on male hamster rats to determine the effect of mulberry fruit extract on 
body weight; results concluded a decline in the body weight status [51].

4.5 Antitumor activity

To identify the role of natural compounds in possessing antitumor activities, a 
series of detailed research has been done for this purpose and came to the point that 
mulberry fruit offers virtuous antitumor activities through different pathways, an 
important biological quality [4]. Mulberry fruit extract (MFE) antitumor activity is 
characterized by the decline in nitric oxide production in lipopolysaccharides (LPS) 
produced RAW 264.7 cells, MFE in LPS also suppresses the expression of proinflam-
matory markers and cytokines [55]. Another study in mice also reported a positive 
role of MFE in suppressing acute colitis and tumorigenesis, and in S-phase cell cycle 
arrest, phenolic components of MFE provide a 70–80% decline in tumor growth 
[56]. MFE contains a good percentage of anthocyanins and, when fed to mice for the 
period of 7 weeks with an objective to investigate tumor growth, results concluded a 
decline in Atypical Glandular Cells (AGS) tumor xenograft growth [57]. Other than 
anthocyanins, resveratrol present in mulberry fruit has been reported to decrease the 
proliferative mechanisms of tumor growth in lymphoid, myeloid, breast, prostate, 
stomach, colon, pancreas, thyroid cancers, and ovarian and cervical cells [58].

4.6 Antihyperglycemic activity

Diabetes mellitus, characterized by high blood glucose levels due to defects in the 
secretion of insulin [51] and other metabolic issues and has now become the third 
lifespan-threatening disorder. It is also estimated that the prevalence of this disorder 
will constantly increase rather than decreasing; it is also expected that 300 million 
patients will be diabetic by 2025. Natural food items have been evaluated a lot for the 
determination of hypoglycemic effects to manage hyperglycemia [4]; mulberry fruit 
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contains 1-deoxynojirimycin (DNJ), glycopeptides, hydrophobic flavonoids, and 
2-arylbenzofuran; serves important role in high blood glucose management [30] pro-
vision of DNJ and alpha-glucosidase inhibitors; this fruit is very much fruitful against 
diabetes [30]. Four mulberry fruit polysaccharides have been isolated, that is, MFP-1, 
MFP-2, MFP-3 and MFP-4; MFP-3 and MFP-4 possess better inhibitory effects on 
α-amylase and α-glucosidase than MFP-1 and MFP-2 [43].

A study concluded that when diabetic rats were given mulberry fruit polysac-
charides – MFP50 and MFP90 ethanol extract for the period of 7 weeks revealed 
26.5% and 32.5% reduction in serum insulin levels and glucose levels, respectively. 
Another study conducted on diabetic rats showed that when they were given ethyl 
acetate-soluble extract of mulberry for the period of 2 weeks concluded a decrease in 
the fasting glucose and glycosylated serum protein levels. In another study, mulberry 
anthocyanin extract (50 and 125 mg/kg body weight per day) was taken to investigate 
its effects on blood sugar levels of diabetic mice, extract was given for the period 
of 8 weeks and showed an effective reduction in fasting blood glucose levels [37]. 
In streptozotocin-induced diabetic mice, mulberry fruit extract (MFE) has been 
reported to hamper alpha-glucosidase activity, suppress fasting blood glucose levels, 
and suppress glycosylated serum proteins [59]. A study conducted on two fractions of 
mulberry fruit polysaccharides, that is, MFP50 and MFP90, for the period of 7 weeks 
reported a decline in fasting glucose and serum insulin levels [60]. Another study on 
Ramulus mori polysaccharide obtained from white mulberry concluded the reduction 
in fasting glucose levels in diabetic rats [61]. Research conducted on diabetic C57BL/
KsJ-db/db mice to determine the effect of MFE containing anthocyanins showed 
that it has the capability to improve insulin sensitivity, to decrease glucose 6-phos-
phatase, to decrease phosphoenolpyruvate carboxykinase ranks in the liver [4]. In 
streptozotocin-induced type 2 diabetic rats, polysaccharides present in mulberry fruit 
demonstrated a very chief role, that is, repaired damaged pancreatic tissue, lowered 
fasting glucose levels, decreased fasting insulin levels, and increased high-density 
lipoprotein cholesterol [60].

In the rats model, antidiabetic activity of mulberry anthocyanins has been 
observed, that is, a reduction in fasting blood glucose levels and serum insulin levels 
[62]. Increase in insulin sensitivity, activated protein kinase (AMPK), and glucose 
transporter type 4 (GLUT 4) and reduction of fasting hyperglycemia, postprandial 
blood glucose, and glycated serum proteins. Has been seen in chemically induced 
diabetic mice model given white mulberry fruit extract [63].

4.7 Cardioprotective activity

Resveratrol present in mulberry fruit provides protection against various heart-
related diseases, decreasing oxidants levels by reducing HO and AKT levels and 
by increasing Trx-1 and vascular endothelial growth factor (VGEF) levels [47]. 
Anthocyanins in mulberry fruit possess antihyperlipidemic characteristics, that is, in 
rat models, a reduction in cholesterol, triglyceride, and adiponectin levels has been 
observed after administering this fruit [62].

Hyperlipidemia is defined by excessive cholesterol, that is, LDL (low-density 
lipoprotein) and VLDL (very low-density lipoprotein), and fatty materials in the 
blood leading to the development of atherosclerosis. A study conducted on human 
beings aged (30–60 years) with an objective to determine the effect of mulberry fruit 
consumption on lipid profiles concluded a positive association between lipid profile 
and mulberry fruit consumption, that is, decreasing total cholesterol and low-density 
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lipoprotein, suggesting it for individuals with hypercholesterolemia [4]. Water 
extracts of mulberry fruit indicate lipid-lowering benefits by decreasing biosyn-
thesis and increasing the levels of the LDLR gene. The presence of linoleic acid and 
dietary fiber in mulberry fruit provides a very positive action against hyperlipidemia; 
research conducted on rats provided them with 5% or 10% mulberry powder with 
a high-fat diet concluded a decrease in LDL, liver triglyceride, and total cholesterol 
and increase in HDL (high-density lipoprotein). Consumption of 45 g freeze-dried 
mulberries for 6 weeks by hyperlipidemic adults aged (30 to 60 years) quoted a very 
positive result against hyperlipidemia [37].

In another study conducted on Wistar rats to investigate the hypolipidemic activity 
of mulberry fruit freeze-dried powder, Wistar rats along with mulberry were given 
with high-fat diet, and the results concluded that their serum triglyceride, total 
cholesterol, serum low-density lipoprotein, liver triglycerides, and atherogenic profile 
were reduced, and levels of high-density lipoprotein cholesterol were increased [4]. 
In a study, 45 g of freeze-dried mulberry fruits were given to hypercholesterolemic 
individuals for the period of 6 weeks; a reduction in low-density lipoprotein (LDL) 
was observed [64]. Mulberry fruit extract also possesses a property against the 
development of atherosclerosis; in a study, rabbits induced with a high-fat diet, when 
administered with MFE, showed a reduction in atherosclerosis [65].

4.8 Nephroprotective activity

Mulberry fruit also possesses nephroprotective activity; butyl pyroglutamate, a 
bioactive compound obtained from mulberry fruit effective against cisplatin-induced 
nephrotoxicity [37]. A study conducted on rabbits to investigate the nephroprotective 
properties of M. alba; results concluded that after administering 200 mg/kg/d of M. 
alba ethanol extract for the period of 2 weeks subject’s serum creatinine (4.02 ± 0.14, 
p < 0.0001), blood urea nitrogen (54.18 ± 2.60, p < 0.0001), and serum uric acid 
levels (2.34 ± 0.12, p < 0.001) were managed from the baseline results. Other than 
this, a decline in creatinine clearance and urinary volume was also reported [66].

4.9 Neuroprotective activity

Mulberry fruit consists of cyanidin-3-O-β-D-glucopyranoside; have a role in 
preventing neuronal cell damage and also prevents the cerebral ischemic dam-
age caused by oxygen-glucose deprivation (OGD) in PC12 cells [67]. Researchers 
observed mulberry fruit ripening stages and found that ripened mulberry fruit pos-
sesses great neuroprotective potential due to the occurrence of high concentrations 
of phenolic compounds [68]. It also possesses antistress action by inhibiting plasma 
peroxide levels [37]. Its fruit extract, when tested in animal models with vascular 
dementia against memory impairment and brain damage, was observed that it is a 
very potent natural cognitive enhancer and neuroprotectant [69]. Mulberry fruit 
extract also contains Oxyreservatrol, a natural hydroxystilbene that provides a 
neuroprotective effect against neurodegenerative diseases caused due to oxidative 
damage such as Alzheimer’s disease, characterized by cellular damage, high lipid 
peroxidation and an increase in iron and aluminum levels [70]. Cyanidine-3-
glucoside (C3G) fraction from M. alba possess neuroprotective potential, and when 
analyzed for oxygen deprivation and glutamate-induced cell death in rats, results 
concluded it possesses a protective potential against oxygen-depressed cellular loss 
not on glutamate-induced cell death [71].
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Omega 3 and 6 are essential fatty acids important for the development of 
healthy cell membranes, and for boosting neural functions by the formation of 
hormones, eicosanoids, thromboxanes, leukotrienes, and prostaglandins [72]. 
The human body cannot synthesize these essential fatty acids, and thus exogenous 
source is required; mulberry fruit contains these fatty acids, which then provide 
strength to brain functioning and protection against cholesterol neurotoxicity 
[73]. In the mammalian central nervous system, dopaminergic neurons present 
in the midbrain are the chief source of dopamine (DA); loss of dopaminergic 
neurons leads to a neurological disorder, that is, Parkinson’s disease (PD) [74]. 
Mulberry fruit extract has been found protective for dopaminergic neurons against 
neurotoxicity, thus protecting against Parkinson’s disease, ultimately ameliorating 
chronic disorders [75]. In addition, mulberry fruit extract has been found sup-
portive in rat models facing memory-related problems and hippocampal damage, 
that is, MFE improved their memory and also heightened the concentrations of 
neurons and cholinergic activity [76].

4.10 Gastroprotective activity

Mulberry fruit contains iron, riboflavin, vitamin C, vitamin K, potassium, 
phosphorous, calcium, dietary fiber, and phytonutrients, that is, zeaxanthin,  
resveratrol, anthocyanins, lutein, and polyphenolic compounds. Dietary fiber 
plays an essential role in the prevention of constipation, bloating, and cramping 
by adding bulk to the stool and by speeding up the movement of food through the 
digestive tract [77]. In experimental rats, gastric mucosal injury characterized by 
an observable fall in leucocyte infiltration to the submucosal layer was significantly 
reduced by M. alba extract [78]. M. nigra fruit’s oral administration of a high dose 
(300 mg/kg) is very potent against ethanol-induced acute gastric ulcers in female 
rats [79]. It has been reported in mice this fruit effectively prevented constipation; 
along with this, it also increased the concentration of acetic, propionic, butyric, 
isovaleric, lactobacillus, and bifidobacterium and decreased the occurrence of 
Helicobacter and prevotellaceae in feces [80].

4.11 Cancer-protective activity

Many medicinal plants exhibit protective properties against bacteria, virus, 
inflammation, and cancer, thus providing immune strengthening and antioxidative 
properties. Anthocyanins obtained from M. alba have shown inhibition of metastatic 
A549 human lung cancerous cells [81]. Phenolic compounds possess anticancer prop-
erties in in vitro hepatoma cells by arresting cell cycle at G2-M phase and by stopping 
topo-isomerase II activity [38]. International Agency for Research on Cancer (IARC) 
specialized agency of cancer by the World Health Organization (WHO), stated that 
10 million deaths were caused due to cancer worldwide by 2020; Asia ranked in the 
top (58.3%), followed by Europe (19.6%) due to resistance to drugs and their side 
effects [82]. In animal tumor studies, phenols present in mulberry depicted anticar-
cinogenic mechanisms in different cancerous cells, that is, working as an antioxidant, 
an antiproliferative, and an antiangiogenic, thus leading to the induction of apoptosis. 
Anthocyanins such as cyanidin and pelargonidin present in M. nigra possess the abil-
ity to decrease the capability of cancerous cells and also possess the ability to hinder 
tumor growth [22]. Resveratrol present in mulberry fruit suppresses the activity of 
transcription factor 4EBP1 and also decreases the proliferation of cancerous cells in 
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breast cells [51]. M. nigra; a well-known anthocyanin-rich fruit, possesses the quality 
of inhibiting the formation of stomach cancer caused by Helicobacter pylori; a promi-
nent factor in causing stomach cancer [39].

4.12 Hepatoprotective activity

Accumulation of lipids in liver cells is the leading cause of the development of 
nonalcoholic fatty liver. In mice, hepatic steatosis caused by a hyperlipid diet has been 
improved by ethanolic extract of M. nigra fruits, that is, reduction in serum levels of 
ALT and AST, reduction in lipid droplets of liver cells, reduction in triglyceride and 
cholesterol levels of liver cells and reduction in fatty acid and cholesterol biosynthesis 
[83]. A study was conducted on three mulberry fruit polysaccharides, that is, MFP-I, 
MFP-II, and MFP-III, by adding 30%, 60%, and 90% ethanol; the mixture was then 
given to evaluate the efficacy of MFP against palmitic acid (PA) induced liver lipo-
toxicity, the study concluded MFP-II significantly decreased PA-induced liver lipo-
toxicity at 0.1 and 0.2 mg/ml and also enhanced catalase and glutathione peroxidase 
activities; protecting against PA-induced liver lipotoxicity [84].

5. Conclusion

This chapter focused on the fruit named mulberry, which is very known and 
commonly used around the world for its extraordinary health benefits. Many dif-
ferent types of mulberry plants exist, but this chapter focused on its three major 
types, that is, M. alba (white mulberry), M. nigra (black mulberry) and M. rubra 
(Red mulberry). These all are very well known due to great nutritional composition 
as composition shows the presence of phytonutrients & bioactive compounds, that 
is, anthocyanins, flavanols, flavonols, phenolic compounds, aromatic compounds, 
volatile compounds, resveratrol, cyanidin-3-O-β-D-glucopyranoside, cyanidin-
3-glucodise (C3 G), butyl pyroglutamate, and melatonin. The presence of these 
phytonutrients and bioactive compounds made this fruit responsible for offering 
multiple health-promoting and protecting activities, that is, antioxidation, anti-
inflmmation, antitumor, antibacterial, antiobesity, antihyperglycemic, cardioprotec-
tive, nephroprotective, neuroprotective, hepatoprotective, cancer-protective, and 
gastroprotective.

Appendices

AGS  Atypical Glandular Cells
AMPK  Activated Protein Kinase
C3 G  Cyanidin-3-glucodise
DNA  Deoxyribonucleic Acid
GLUT 4  Glucose transporter type 4
HDL  High-Density Lipoprotein
IARC  International Agency for Research on Cancer
LDL  Low-Density Lipoprotein
LPS  Lipopolysaccharides
MFP  Mulberry Fruit Polysaccharides
MJP  Mulberry Juice Purification
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Chapter 8

Phytochemical Study and Biological
Activities of Endemic Species of
Vaccinium from French Polynesia
Sarah Benayad, Stéphanie Soulet and Taivini Teai

Abstract

French Polynesia is a natural laboratory with over 53% of endemism in its vascular
terrestrial flora. The flora remains little studied from a phytochemical point of view.
In order to overcome this lack of knowledge, we were interested in an endemic
taxon from the specie Vaccinium cereum, also named as “opu opu.” Four varieties of
V. cereum are present in French Polynesia: var. adenandrum (Decne) F.Br, var. cereum
(L.f.) G. Forst, var. pubiflorum Skottsb and var. raiateenseM.L. Grant. All four showed
comparable antioxidant and antiradical activities and inhibitory activity against α-
glucosidase. Leaves of V. cereum var. cereum carry out a bio-guided phytochemical
study. Among the isolated compounds, NMR has characterized ursolic acid, oleanolic
acid, chlorogenic acid, astragalin, and isoquercitrin, as the major active compounds.
The results revealed that this taxon represents a real health benefit and might have
promising proprieties to regulate blood sugar.

Keywords: Vaccinium cereum, phytochemical studies, biological activities, endemism,
French Polynesia

1. Introduction

French Polynesia is a French overseas collectivity composed of 118 islands spread
over an area as large as continental Europe. Its geographical situation, its isolation, and
its tropical climate give French Polynesia a rich and original terrestrial flora.

The native vascular flora of French Polynesia has about 870 species, of which 460
are endemic, or 54% of this flora. Some species are endemic to an archipelago, an
island, or even a valley or a mountain. Conserving this biodiversity, as well as finding
the right balance between protecting and benefiting from this resource has been a
widely accepted concept since the adoption of the Convention on Biological Diversity
(CBD) in Rio in 1992.

Diabetes represents one of the largest health problems in the world, affecting more
and more people each year, with an estimated total burden of death due to high blood
sugar in 2020 of 4 million [1, 2].

In 2017, according to figures from the IDF (International Diabetes Federation), 425
million people had diabetes. IDF estimates that the number of people with diabetes
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will increase by 48% worldwide by 2045. These rates of increase may reach 82% in
Southeast Asia and 156% in Africa [3].

In French Polynesia, 10% of the population has diabetes. This disease remains the
second most common chronic noncommunicable disease after hypertension. The
number of patients diagnosed in 10 years (from 2001 to 2012) has doubled and
continues to increase. This disease raises real social, political, and economic issues for
the future of French Polynesia: it cost nearly 30 million euros in health care expenses,
added to various patient complications.

Diabetes is a health priority in French Polynesia [4]. In addition to the diabetes
campaigns conducted by the French Polynesian Health Department for more than
15 years, the search for new treatments remains important, both locally and globally.

Numerous plant-based preparations are described in traditional medicine for the
prevention of diabetes but have not been the subject of real treatments due to a lack of
laboratory studies. In the last decades, several works on the mode of action and the
targets of these preparations could revive the interest in the use of plants in the
treatment and prophylaxis of type two diabetes, T2DM.

Table 1 describes some plants or plant preparations used to treat T2DM. This list is
not exhaustive; it cites plants used in traditional medicine worldwide and studied for
their antidiabetic effect.

Many plants are used for their hypoglycemic effect. In general, the preparations
combine several plants and can be administered in different forms: dry extracts
(capsules, herbal teas), essential oils, or mother tinctures. In addition, in the context
of antidiabetic treatment, the use of antioxidants in supplementation helps prevent
the appearance of complications related to oxidative stress [5–11].

In this context, the first research program allowed to perform a screening on
different biological targets from several extracts of terrestrial and marine organisms
targeting Alzheimer’s disease, melanoma, and diabetes. Thus, pharmacological
screening on enzymatic targets (acetylcholinesterase, α-glucosidase, and tyrosinase)
subject 117 marine extracts and 228 extracts from Polynesian terrestrial flora (from
122 species).

This work has allowed highlighted the strong inhibitory activity of the ethanolic
extract of Vaccinium cereum var. cereum leaves toward α-glucosidase, an enzyme
involved in the regulation of blood sugar and the control of T2DM.

2. Vaccinium sp.

The genus Vaccinium (bilberries, blueberries, and cranberries) is a member of the
Ericaceae family, which includes more than 340 species in 87 genera.

In 1933, there were 160 species belonging to the genus Vaccinium distributed
between the northern hemisphere and the mountains of tropical regions.

In 2014, Northern Hemisphere described 450 species. Many of them are cultivated
for their berries as they are often edible.

The antidiabetic properties of plants of the genus Vaccinium were first cited in
1892. The infusion of bilberry leaves would decrease glycosuria [12].

Research on the use of the aqueous extract of Vaccinium as an antidiabetic agent
mobilized the scientific world until 1936, with suspicion of the presence of toxic
hydroquinones. In 1996, Vaccinium myrtillus demonstrated the absence of hydroqui-
none, which re-launched research on the antidiabetic properties of Vaccinium
extracts’ [12].
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Table 2 summarizes some recent research on the antidiabetic properties of organic
extracts and molecular families isolated from different Vaccinium species.

2.1 Vaccinium cereum (L.f.) G.Forst

In French Polynesia, two endemic species, whose berries are edible, are present
[22]: Vaccinium cereum (L.f.) G.Forst and Vaccinium rapae Skottsb.

V. rapae being an endangered species listed on the red list of threatened species in
France, the study was conducted only on the species V. cereum (Figure 1).

Several vernacular names are used to refer to Vaccinium cereum as “opu opu” in
Tahiti, “heua” or “heuki” in Nuku Hiva and “puatoatoa” in Fatu Hiva [22]. It
is endemic to Polynesia. Present in the Society archipelago, the Marquesas

Plant Preparation Plant
part

Use and therapeutic target

Allium cepa Raw, infusion, mother
tincture

Bulbs Hypoglycemic, antioxidant

Allium sativum Raw, freeze-dried
powder, alcoholic
tincture

Bulbs Hypoglycemic

Anacardium sp. Ethanolic extract Barks Hypoglycemic in vivo

Artocarpus altilis Methanolic extract Bark and
fruits

Inhibition of α-glucosidase and α-amylase
[5]

Artocarpus
heterophyllus

Methanolic extract Sheets Inhibition of α-glucosidase and α-amylase
[5]

Cinnamomum
zeylanicum

Methanolic extract Sheets Inhibition of α-glucosidase and α-amylase
[5]

Eucalyptus globulus Powder Sheets Hypoglycemic

Ficus benghalensis Decoction Barks Hypoglycemic in vivo [6]

Moringa oleifera Ethanolic extract Sheets Hypoglycemic in vivo

Piper betle Methanolic extract Sheets Inhibition of α-glucosidase and α-amylase
[5]

Phyllanthus amarus Ethanolic extract and
decoction

Sheets Reduction of blood glucose [7]

Prosopis africana Ethanolic extract Barks Hypoglycemic in vivo

Punica granatum Methanolic extract Flowers Inhibition of α-glucosidase [8]

Ramulus mori Decoction Branches Inhibition of α-glucosidase [9]

Rosa sinensis Infusion Flowers Hypoglycemic

Sclerocarya birrea Ethanolic extract Roots Hypoglycemic in vivo

Syzygium cumini Aqueous extract Branches Hypoglycemic, α-amylase inhibitor [10]

Vaccinium
angustifolium

Alcoholic extract Sheets Insulin-like and glitazone-like. Promotes
the proliferation of pancreatic cells

Vaccinium myrtillus Alcoholic extract Sheets Hypoglycemic

Table 1.
Use of herbs in the treatment of type 2 diabetes.
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archipelago, and the Cook Islands, V. cereum grows at altitudes above 500 m,
notably up to the summit of Mount Aorai (2064 m), one of the highest peaks
of the island of Tahiti. Observed also at lower altitudes, the shrubs are smaller.

It is a shrub of 2 to 2.5 m in height. The wood is very hard and quite dense. The
leaves on the old branches are large, leathery, and elliptical (5 � 3.5 cm), while they
are thinner, smaller, and generally obovate (average 2.3 � 1.6 cm) on the flowering
stems. They are persistent for 3–4 years, shiny above, paler below.

The flowers are permanent throughout the year. They are axillary, solitary, on a
stalk 5 to 8 mm, and about 1 cm long. The corolla is white, or with a pink to red tip
[22] and a cinnamon-vanilla perfume.

The fruits, edible but very little consumed, are red, dark purple to black, of
approximately 1.5 cm in diameter. The pubescence of the flowers is very variable. On
this last criterion, Skottsberg determined a certain number of varieties or taxons.

In French Polynesia, four taxa of Vaccinium cereum are recognized (Figure 2):

• Vaccinium cereum var. adenandrum (Decne.) F.Br., endemic to the Marquesas
Islands;

Species Plant
part

Extract/family of molecules studied Mode of action

Vaccinium
angustifolium

Roots Ethanolic extract Transport of glucose to cells [13]

Barks Ethanolic extract Transport of glucose to cells,
stimulates insulin secretion [13]

Sheets Ethanolic extract Transport of glucose to cells,
stimulates insulin secretion [13]

Fruits Anthocyanins Proliferation of β-pancreatic
cells [13] Stimulates insulin
secretion [14]

Vaccinium
arctostaphylos

Fruits Hydroxycinnamic acid, phenolic
compounds anthocyanins

Inhibits α-glucosidase and
stimulates insulin secretion [15]

Sheets Flavonoids anthocyanins Inhibition of α-amylase
Stimulates insulin secretion [16]

Vaccinium ashei Sheets Glucosidic flavonol, substituted
phenylpropanoid-3-ols, anthocyanins,
proanthocyanidins

Inhibition of α-glucosidase
[17, 18]

Fruits Aqueous acetone extract (50%) Inhibition of α-glucosidase [19]

Vaccinium
bracteatum

Sheets Polysaccharides Stimulates insulin secretion [19]

Vaccinium
corymbosum
var. jersey

Fruits Aqueous acetone extract (50%) Inhibition of α-glucosidase [19]

Flowers Hydroxycinnamic acid, glucoside flavonol,
phenylpropanoid-substituted catechin

Inhibition of α-glucosidase [19]

Vaccinium
myrtillus

Sheets Aqueous ethanolic extract (40%) Transport of glucose to cells [20]

Vaccinium vitis-
idaeae

Fruits Glucosidic flavonols Transport of glucose to cells [21]

Table 2.
Organic extracts and hypoglycemic molecules isolated from the genus Vaccinium.
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• Vaccinium cereum var. cereum, (L.f.) G.Forst., endemic to the Society
Archipelago;

• Vaccinium cereum var. pubiflorum Skottsb, endemic to the Society Archipelago;

• Vaccinium cereum var. raiateense M.L.Grant, endemic to the island of Raiatea
(Society Archipelago).

In order to enhance Vaccinium cereum: A comparative study of the biological
activity of the different taxa found in French Polynesia (V.c. var. cereum, V.c. var.
adenandrum, V.c. var. pubiflorum, V.c. var. raiateense) has been carried out V.c. var.
raiateense being an endangered taxon listed on the red list of threatened species in
France only a few leaves were collected for a comparative analysis of their biological
activities with the other three taxa.

The biological targets chosen were diabetes (α-glucosidase inhibition test) and
oxidative stress (DPPH, ABTS+., ORAC, and Folin-Ciocalteu tests). We also chose to
focus, when available, on different plant parts: roots, branches, stems, leaves, flowers,
and fruits.

Finally, a phytochemical study of the leaves of the taxon V.c. var. cereum was
conducted to identify the secondary metabolites present in the ethanolic extract.

Figure 1.
a) Flower buds and b) fruit of Vaccinium cereum var. cereum (Photo credit S. Benayad).
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2.2 Screening of biological activities of different taxa of Vaccinium cereum

Sampling was performed between December 2014 and August 2016, with 53
samples collected:

• Seven samples of Vaccinium cereum var. adenandrum were collected on the island
of Fatu Hiva (Marquesas archipelago);

• Thirty-three samples of Vaccinium cereum var. cereum were collected fromMount
Marau and Mount Aorai on the island of Tahiti (Society Archipelago);

• Nine samples of Vaccinium cereum var. pubiflorum were collected from Mount
Orohena on the island of Tahiti (Society Archipelago) and;

• Four samples of Vaccinium cereum var. raiateense were taken on the Temehani-
Rahi plateau on the island of Raiatea (Society archipelago).

Samples from the different plant parts of these taxa were extracted by maceration
in 96° ethanol for eight hours. After evaporation of the ethanol, the crude extracts
obtained were tested on the selected biological targets.

Table 3 details the obtained results. The yields of the crude extracts vary from
3–26% based on the initial dry matter mass. The mass yield of ethanolic extracts from
leaves is the highest, with an average of 20%, those from fruits vary from 4–25% yield
and those from roots vary from 3–17%.

The results show that all the extracts, without distinction of variety or part of plant,
present a strong inhibitory potential of – glucosidase with IC50 ranging between 0.5 and

Figure 2.
Distribution map of Vaccinium cereum taxa in French Polynesia.
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Taxon Plant
part

Sample
name

Location Date Yield
extract
(%)

Inhibition of α-glucosidase

α-glucosidase
inhibition at
10 μg/mL 1

IC50 of
α-glucosidase
in μg/mL 2

V.c. var.
adenandrum

Branches Vca B Fatu Hiva December 14 9 98.8 � 0.6 2.1 � 0.7

Sheets Vca Fe1 Fatu Hiva December 14 16.3 96.9 � 0.5 5.3 � 0.4

Vca Fe2 Fatu Hiva July 16 16.2 74.9 � 7.1 4.5 � 1.0

Vca Fe3 Fatu Hiva July 16 19.3 95.7 � 1.9 0.9 � 0.2

Green
fruits

Vca Gf Fatu Hiva December 14 4.4 100.0 � 0.1 3.1 � 0.9

Roots Vca R Fatu Hiva December 14 17.4 99.6 � 0.2 0.7 � 0.1

Stems Vca S Fatu Hiva December 14 14.8 99.7 � 0.2 5.4 � 0.2

V.c. var.
cereum

Branches Vcc B2 Tahiti – Aorai February 15 4.1 100.0 � 0.2 2.5 � 0.4

Vcc B3 Tahiti – Aorai June 15 8.4 99.0 � 0.5 1.4 � 0.5

Vcc B4 Tahiti – Aorai June 15 5.3 98.9 � 0.7 1.2 � 0.4

Vcc B5 Tahiti – Aorai June 15 8.8 99.1 � 0.6 1.0 � 0.1

Sheets Vcc Fe1 Tahiti – Aorai November
14

17.5 97.3 � 0.2 6.1 � 0.5

Vcc Fe3 Tahiti – Aorai June 15 15.1 97.3 � 0.3 3.8 � 0.5

Vcc Fe4 Tahiti – Aorai June 15 19.1 96.8 � 0.5 5.0 � 0.6

Vcc Fe5 Tahiti – Aorai June 15 17.4 96.8 � 0.5 3.9 � 0.6

Vcc JFe6 Tahiti – Aorai June 15 18.6 95.5 � 0.6 7.2 � 1.0

Vcc Fe7 Tahiti – Marau July 15 11.1 96.5 � 0.4 7.2 � 0.2

Vcc Fe8 Tahiti – Marau July 15 13.5 98.9 � 0.3 4.0 � 0.5

Vcc Fe9 Tahiti – Marau July 15 16.7 97.3 � 1.2 4.1 � 1.0

Vcc Fe10 Tahiti – Aorai July 16 20.1 95.7 � 1.2 1.3 � 0.2

Vcc Fe11 Tahiti – Aorai July 16 28.9 97.8 � 0.2 0.7 � 0.1

Flowers Vcc Fl1 Tahiti – Aorai November
14

12.4 55.8 � 5.9 9.8 � 0.2

Vcc Fl3 Tahiti – Aorai June 15 16.8 98.6 � 0.3 8.1 � 0.3

Vcc Fl6 Tahiti – Aorai June 15 11 98.7 � 0.4 7.6 � 0.4

Fruits Vcc Fr1 Tahiti – Aorai November
14

22.3 76.8 � 1.3 8.8 � 0.1

Vcc Fr2 Tahiti – Aorai February 15 5 58.4 � 2.6 9.6 � 0.1

Vcc Fr3 Tahiti – Aorai June 15 25.5 98.2 � 0.4 7.8 � 0.2

Vcc Fr6 Tahiti – Aorai June 15 21.5 86.6 � 1.6 8.6 � 01

Vcc Fr9 Tahiti – Marau July 15 10.3 4.7 � 0.8 ND

Green
fruits

Vcc Frv9 Tahiti – Marau July 15 3.2 36.3 � 2.2 ND

Roots Vcc R2 Tahiti – Aorai February 15 5.3 99.0 � 0.4 0.8 � 0.1

Vcc R7 Tahiti – Marau July 15 3 98.6 � 0.5 1.1 � 0.4

Stems Vcc T1 Tahiti – Aorai November
14

11.5 98.8 � 1.2 2.3 � 0.3
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9.6 μg/mL. These activities are very significant compared to that of the reference product
used here andmarketed in therapeutics, acarbose, which has an IC50 of 270.5 μg/mL.

Figure 3 represents the average IC50 on α-glucosidase obtained for the different
plant parts of Vaccinium cereum taxa. The crude extracts of roots, branches, and stems
have the highest activity toward α-glucosidase inhibition with mean IC50 of
0.8 � 0.2 μg/mL; 1.7 � 0.6 μg/mL; and 2.7 � 1.3 μg/mL, respectively. Leaves have
intermediate activity with an average IC50 of 4.9 � 1.5 μg/mL.

The activity of the crude flower and fruit extracts was weaker, with average IC50 of
8.4� 1.0 μg/mL and 8.2� 0.9 μg/mL, respectively. These activities are still interesting
compared to the inhibitory potential of acarbose (IC50 of 270.5 � 3.73 μg/mL).

Taxon Plant
part

Sample
name

Location Date Yield
extract
(%)

Inhibition of α-glucosidase

α-glucosidase
inhibition at
10 μg/mL 1

IC50 of
α-glucosidase
in μg/mL 2

V.c. var.
cereum

Stems Vcc T3 Tahiti – Aorai June 15 16.6 98.1 � 0.9 3.7 � 0.5

Vcc T4 Tahiti – Aorai June 15 11.6 98.3 � 0.7 1.3 � 0.3

Vcc T5 Tahiti – Aorai June 15 14.2 97.9 � 1.4 3.0 � 0.7

Vcc T6 Tahiti – Aorai June 15 16.7 99.5 � 0.3 5.6 � 0.4

Vcc T7 Tahiti – Marau July 15 4.7 100.0 � 0.1 1.0 � 0.2

Vcc T8 Tahiti – Marau July 15 4.4 100.0 � 0.4 1.1 � 0.2

Vcc T9 Tahiti – Marau July 15 2.8 98.9 � 0.6 2.9 � 0.4

V.c. var.
pubiflorum

Branches Vcp B Tahiti –
Orohena

July 15 7.7 99.8 � 0.1 1.7 � 0.9

Sheets Vcp Fe Tahiti –
Orohena

July 15 26.2 98.8 � 0.2 2.9 � 0.7

Vcp Fe1 Tahiti – Aorai August 16 26.3 100.0 � 0.2 1.3 � 0.1

Vcp Fe2 Tahiti – Aorai August 16 25.1 99.4 � 0.2 0.8 � 0.1

Vcp Fe3 Tahiti – Aorai August 16 22.2 99.6 � 0.1 1.1 � 0.2

Flowers Vcp Fl Tahiti –
Orohena

July 15 14.7 97.6 � 0.4 7.9 � 0.3

Fruits Vcp Fr Tahiti –
Orohena

July 15 17 96.8 � 0.2 7.9 � 0.3

Roots Vcp R Tahiti –
Orohena

July 15 7.3 99.7 � 0.6 0.7 � 0.1

Stems Vcp T Tahiti –
Orohena

July 15 9 99.4 � 0.3 2.4 � 0.3

V.c. var.
raiateense

Sheets Vcr Fe1 Raiatea August 16 22.3 98.7 � 0.1 0.6 � 0.1

Vcr Fe2 Raiatea August 16 35 98.1 � 0.2 1.2 � 0.1

Vcr Fe3 Raiatea August 16 18.1 97.8 � 0.2 0.5 � 0.0

Vcr Fe4 Raiatea August 16 18.4 98.4 � 0.2 1.4 � 0.2

1: α-glucosidase inhibition of acarbose at 300 μg/mL = 56.7 � 4.21%.2: IC50 of acarbose = 270.5 � 3.73 μg/mL; ND: not
determined.

Table 3.
Inhibitory potential of α-glucosidase of ethanolic extracts of Vaccinium cereum taxa.
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Figure 4 represents the average IC50 of leaf extracts for the four Vaccinium cereum
taxa present in French Polynesia.

Thus, the average IC50 of the leaves of pubiflorum and raiateense varieties appear to
be the lowest with 1.5 μg/mL and 0.9 μg/mL, respectively. In contrast, the IC50 of the
varieties adenandrum and cereum vary from 0.9 to 5.3 μg/mL, and from 0.7 to 7.2 μg/
mL, respectively, and show less inhibition compared to the other two varieties.

Figure 3.
Graphical representation of the average IC50 of extracts from different plant parts of Vaccinium cereum taxa on
α-glucosidase. N = 4 for roots (Racines), 6 for branches (branches), 10 for stems (Tiges), 21 for leaves (Feuilles), 4
for flowers (Fleurs) and 8 for fruits (fruits).

Figure 4.
Graphical representation of the average IC50 of leaf extracts of different Vaccinium cereum taxa on α-glucosidase.
N = 3 for V.c. var. adenandrum, 10 for V.c. var. cereum, 4 for V.c. var. pubiflorum and 4 for V.c. var.
raiateense.
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The study of the antioxidant and antiradical potential was also carried out on the 53
samples of V. cereum. For this purpose, different complementary methods were used,
namely:

• The radical recombination test to evaluate the antiradical potential of the extracts
(two radicals tested: ABTS+. and DPPH);

• The determination of total polyphenols by the Folin-Ciocalteu method allows to
estimate the quantity of polyphenols present in the extracts. The correlation of
this assay with the radical recombination test (DPPH and ABTS+.) allows to know
if the observed antiradical activity is associated with the presence of polyphenols
in the extracts, and;

• The measurement of the ORAC index, allowing to evaluate the antioxidant
capacity of the extracts.

The results obtained are presented in the following figures.
The EC50 of the recombination of ethanolic extracts with DDPH vary from 71.4 μg/

mL to 5.5 μg/mL for the most active extracts. The highest activity is observed for root
and branch extracts with average EC50 of 5.8 μg/mL and 8.4 μg/mL, respectively.

The same distribution of recombination activities is obtained with ABTS+., with
root extracts again being the lowest EC50 (3.6 μg/mL and 4.3 μg/mL, respectively) and
therefore showing the highest potential (Figure 5).

The EC50 on recombination with DPPH of leaf extracts from the four V. cereum
taxa varied only slightly from 18.6 to 24.8 μg/mL. In contrast, the average EC50 on
ABTS+. of leaf extracts of the varieties raiateense and pubiflorum, 4.8 and 6.9 μg/mL, is
lower than that of leaf extracts of the varieties adenandrum and cereum, 12.0 and
14.6 μg/mL, respectively (Figure 6).

Figure 5.
Histogram of the average EC50 of the extracts of the different plant parts of Vaccinium cereum taxa on the
recombination of DPPH and ABTS+. Radicals. N = 4 for roots (Racines), 6 for branches (branches), 10 for stems
(Tiges), 21 for leaves (Feuilles), 4 for flowers (Fleurs) and 8 for fruits (fruits).
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For the Folin-Ciocalteu assay, all samples were assayed and the results obtained are
expressed as catechin equivalent and gallic acid equivalent per 100 g of extract
(expressed as percentage).

Thus, all samples contain polyphenols, but there are large differences with values
ranging from 2.4% in catechin equivalent for the fruit extract of V.c. var. cereum (Vcc
Fr2) to 89% in catechin equivalent for the root extract of V.c. var. pubiflorum (VcpR).
Roots and stems are the plant parts containing the most polyphenols while fruits show
a low concentration (Figure 7). However, the latter is described to be rich in
anthocyanosides. The Folin-Ciocalteu method, although widely used, does not allow
an accurate determination of polyphenols because the reagent is sensitive to any type
of reductants (such as oses, proteins, etc.) [23].

The leaves of V.c. var. raiateense and pubiflorum are the richest in polyphenols with
an average percentage of 42% and 37% in catechin equivalent. The least rich in poly-
phenols are the varieties cereum and adenandrum, with average percentages of 28%
and 24% in catechin equivalent (Figure 8).

The ORAC antioxidant potential of all extracts was measured, the results obtained
are expressed in μmol trolox equivalent/mg of extract. All samples have a good
antioxidant capacity with values ranging from 11.6 μmol trolox equivalent/mg for the
most active extract to 1.2 μmol trolox equivalent/mg extract. These values confirm the
strong antioxidant potential of V. cereum compared to the vitamin C index whose
value is equal to 9.4 μmol trolox equivalent/mg.

All the extracts from the different parts of the plants seem to have the same
antioxidant power (Figure 9), without any distinction being made on the ORAC
index, especially for the leaves of the four taxa (Figure 10).

Vaccinium cereum is a wild shrub not cultivated in French Polynesia. The different
taxa of Vaccinium cereum showed a very strong biological potential on the different
biological targets chosen. The objective being to valorize this plant as a food

Figure 6.
Histogram of the average EC50 of leaf extracts of the four Vaccinium cereum taxa on the recombination of DPPH
and ABTS+. Radicals. N = 3 for V.c. var. adenandrum, 10 for V.c. var. cereum, 4 for V.c. var. pubiflorum and
4 for V.c. var. raiateense.
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supplement to control glycemia, a phytochemical study was necessary to identify the
secondary metabolites.

Among the taxa studied, Vaccinium cereum var. cereum, the most available and
accessible, was chosen for this phytochemical study. Moreover, the evaluation of the
inhibitory activity of α – glucosidase showed that all plant parts had a strong

Figure 8.
Average percentage of total polyphenols in crude extracts of Vaccinium cereum leaves. N = 3 for V.c. var.
adenandrum, 10 for V.c. var. cereum, 4 for V.c. var. pubiflorum and 4 for V.c. var. raiateense.

Figure 7.
Average percentage of total polyphenols in the crude extracts of the four Vaccinium cereum taxa. N = 4 for roots
(Racines), 6 for branches (Branches), 10 for stems (Tiges), 21 for leaves (Feuilles), 4 for flowers (Fleurs) and 8
for fruits (Fruits).
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inhibitory potential with low IC50, lower than acarbose, the positive control. However,
analysis of the data revealed a higher activity for roots and branches.

However, we chose to work on the leaves of Vaccinium cereum var. cereum
because they show high activity, interesting extraction yield, and better availability
(renewable resource).

Figure 9.
Average ORAC index of extracts from the different plant parts of the four Vaccinium cereum taxa. N = 4 for roots
(Racines), 6 for branches (Branches), 10 for stems (Tiges), 21 for leaves (Feuilles), 4 for flowers (Fleurs) and 8
for fruits (Fruits).

Figure 10.
Average ORAC index of leaf extracts of the four Vaccinium cereum taxa. N = 3 for V.c. var. adenandrum, 10
for V.c. var. cereum, 4 for V.c. var. pubiflorum and 4 for V.c. var. raiateense.
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2.3 Study and identification of secondary metabolites isolated from leaves of
Vaccinium cereum var. cereum

The taxon was collected in November 2014 on Mount Aorai, Tahiti Island, Society
Archipelago.

The dry powder of V. c. var. cereum leaves was macerated in 96% ethanol at room
temperature. The resulting crude extract (SB02) was taken up in distilled water and
then fractionated using liquid-liquid partitioning by solvents of increasing polarity:
cyclohexane, dichloromethane, ethyl acetate, and butanol. The four organic phases
and the residual aqueous phase were then concentrated to dryness (Figure 11).

Screening for α-glucosidase inhibition was performed. The crude extract as well as
the phases from liquid/liquid partitioning, showed activities above 80% inhibition of
the enzyme at a concentration of 10 μg/mL.

The fractionation of the dichloromethane phase allowed the identification of two
major compounds (Vc1 and Vc2).

The ethyl acetate phase led to the isolation of four compounds (Vc3 to Vc6).

2.3.1 Molecules isolated from the dichloromethane phase

2.3.1.1 Vc1 compound

A white amorphous powder was obtained, consisting of 95% of compound Vc1.
The proton NMR of this compound is complex in the 0.5 to 2.5 ppm region and is
characteristic of highly saturated compounds such as triterpenes with structures close
to ursolic acid (Figure 12 and Table 4).

Figure 11.
Fractionation of the extract of leaves of Vaccinium cereum var. cereum.
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A triplet at 5.23 ppm is characteristic of the trisubstituted ethylenic group (H12)
and coupled to two protons. The doublet at 2.20 ppm can be attributed to the proton
carried by a tertiary carbon in α of a double bond and coupled to a single proton.
Finally, in the area from 0.7 to 2.5 ppm five singlets and two doublets can be distin-
guished, proving the presence of 7 methyl groups. This skeleton would be that of
ursolic acid (the spectra being recorded in MeOD, the proton of the acid function
could not be distinguished).

The purity of the compound was measured at 95% by integration of the methyl
signal at position 26. The IC50 of the mixture with 95% of this compound was
determined for α-glucosidase and was 10.9 � 0.9 μg/mL, proving significant activity
compared with the control acarbose (270.5 μg/mL).

Ursolic acid is present in many plants and found in other species of the genus
Vaccinium such as V. myrtillus, Vaccinium macrocarpon, V. oxycocos, Vaccinium
angustifolium and Vaccinium vitis-idaea [25–28].

Figure 12.
Molecular structure of ursolic acid (Acide ursolique) extract from leaves of Vaccinium cereum var. cereum.

Compound Vc1: Ursolic acid

Experimental data Literature [24]

Position δ1H (ppm, CD3OD) δ1H (ppm, CDCl3)

3 3.16 (1H, dd, J = 11.5 and 4.3 Hz) 3.21 (1H, dd, J = 4.4 Hz and 10.2 Hz)

12 5.23 (1H, t, J = 3.9 Hz) 5.28 (1H, t, J = 3.6 Hz)

18 2.20 (1H, d, J = 11.5 Hz) 2.18 (1H, d, J = 11.7 Hz)

23 1.29 (3H, s) 1.25 (3H, s)

24 0.96 (3H, s) 0.98 (3H, s)

25 0.78 (3H, s) 0.77 (3H, s)

26 0.98 (3H, s) 1.08 (3H, s)

27 1.12 (3H, s) 1.14 (3H, s)

29 0.88(3H, d, J = 6.5 Hz) 0.93 (3H, d, J = 6.5 Hz)

30 0.96(3H, d, J = 4.5 Hz) 0.91 (3H, d, J = 5.9 Hz)

Table 4.
Comparison of NMR data 1H of compound Vc1 and ursolic acid.
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Ursolic acid is known to have several pharmacological uses including anticancer of
breast [29], liver [30], colon [31], prostate [26], blood [32], antioxidant [33], anti-
inflammatory [34], antifilarial [35], hypolipidemic and liver-protective [36].

2.3.2 Vc2 compound

Compound Vc2 is a white amorphous powder. The proton NMR of this compound
as for compound 1 is complex in the 0.5 to 2.5 ppm area and characteristic of highly
saturated compounds like triterpenes (Table 5).

The presence of a triplet at 5.24 ppm is characteristic of the trisubstituted
ethylenic group (H12) coupled to two protons. The split doublet at 2.85 ppm
can be attributed to the proton carried by a tertiary carbon in α of a double bond and
coupled to two protons. Finally, in the area from 0.7 to 2.5 ppm seven singletons can
be distinguished, proving the presence of 7 methyl groups. This skeleton would be

Compound Vc2: Oleanolic acid

Experimental data Literature [24]

Position δ1H (ppm, CD3OD) δ1H (ppm, CDCl3)

3 3.15 (1H, dd, J = 11.4 and 4.3. Hz) 3.21 (1H, dd, J = 4.4 Hz and 10.2 Hz)

12 5.24 (1H, t, J = 4.7 Hz) 5.24 (1H, t, J = 3.6 Hz)

18 2.85 (1H, dd, J = 13.6 and 4.3 Hz) 2.82 (1H, dd, J = 4.3 Hz and 12.7 Hz)

23 0.98 (3H, s) 0.96 (3H, s)

24 0.78 (3H, s) 0.78 (3H, s)

25 0.82 (3H, s) 0.84 (3H, s)

26 0.75 (3H, s) 0.76 (3H, s)

27 1.29 (3H, s) 1.25 (3H, s)

29 0.85 (3H, s) 0.87 (3H, s)

30 0.91 (3H, s) 0.93 (3H, s)

Table 5.
Comparison of NMR data1 H of compound Vc2 and oleanolic acid.

Figure 13.
Molecular structure of oleanolic acid (Acide ursolique) extract from leaves of Vaccinium cereum var. cereum.
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that of the oleanolic acid (Figure 13). However, the spectra being recorded in MeOD,
the proton of the acid function could not be distinguished.

The purity of the compound was measured at 70% by integrating the signal from
the methyl at position 26 (CH3). The IC50 of the mixture with 70% of this compound
was determined for α-glucosidase and is 4.2 � 0.2 μg/mL.

As ursolic acid, oleanolic acid is also present in many plants and found in other
species of the genus Vaccinium such as Vaccinium myrtillus, Vaccinium macrocarpon,
V. oxycocos, Vaccinium angustifolium and Vaccinium vitis-idaea [25–28].

Oleanolic acid also has several biological activities, such as anti-HIV [37], antican-
cer prostate [26], liver [30], antioxidant [38], anti-inflammatory [34],
hepatoprotective [39] and hypolipidemic [36].

2.3.3 Molecules isolated from the ethyl acetate phase

2.3.3.1 Vc3 compound

The compound Vc3 is a yellowish solid. It has a UV spectrum characteristic of
caffeoylquinic acids (λmax ≈ 296 and 326 nm) [40]. The proton and carbon NMR of
this compound confirms that it is the methyl ester form of chlorogenic acid with the
presence of a methyl at 3.69 ppm and an observed HMBC correlation of this CH3 with
C-7 at 174.0 ppm (Figure 14 and Table 6) [41, 42].

2.3.3.2 Vc4 compound

The compound Vc4 is a yellowish solid. It has a UV spectrum characteristic of
caffeoylquinic acids (λmax ≈ 296 and 326 nm) [40]. The proton and carbon NMR of

Figure 14.
Molecular structure of methyl chlorogenate (Chlorogénate de méthyle) isolated from leaves of Vaccinium cereum
var. cereum.

Compound Vc3: Methyl chlorogenate or methyl ester of 5-O (E)-caffeoylquinic acid

Experimental data Literature [41] Experimental data Literature [41]

Position δ1H (ppm, CD3OD) δ1H (ppm, CD3OD) δ13C (ppm,
CD3OD)

δ13C (ppm,
CD3OD)

1 74.5 74.5
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this compound is similar to that of compound Vc3, but the absence of the singlet at
3.69 ppm in H NMR1 corresponding to the O-CH3 of the ester indicates the presence
of chlorogenic acid (Figure 15 and Table 7) [43].

Both molecules Vc3 and Vc4 did not show α-glucosidase inhibitory activity at
10 μg/mL, but chlorogenic acid and its derivatives are known to have antioxidant
[44], bactericidal [45], anti-inflammatory, analgesic, antipyretic [46] and anticancer
properties by inhibiting carcinogenesis in vivo [47].

2.3.3.3 Vc5 compound

The compound Vc5 is a yellowish solid. The 5 aromatic protons H-6, H-8, H-20,
H-30 and H-60, present in proton NMR, are characteristic of the quercetin skeleton
(Figure 16). The presence of a double at 5.25 ppm integrating for a proton (anomeric
proton) is characteristic of the presence of an O-glycosidic bond. The chemical shift of

Compound Vc3: Methyl chlorogenate or methyl ester of 5-O (E)-caffeoylquinic acid

Experimental data Literature [41] Experimental data Literature [41]

2a 2.20 (1H, m) 2.16 (1H, dd, J = 3.8 Hz and
12.3 Hz)

36.6 36.4

2b 2.14 (1H, m) 2.00 (1H, m) 36.6 36.4

3 4.14 (1H, m) 4.17 (1H, m) 68.9 69.0

4 3.74 (1H, m) 3.73 (1H, dd, J = 2.8 Hz and
7.4 Hz)

70.7 70.8

5 5.28 (1H, m) 5.27 (1H, td, J = 4.5 Hz and
7.4 Hz)

70.7 70.4

6a 2.20 (1H, m) 2.21 (1H, dd, J = 2.8 Hz and
12.3 Hz)

36.6 36.7

6b 2.02 (1H, dd, J = 6.2 and
12.5 Hz)

2.02 (1H, m) 36.6 36.7

7 174.0 174.1

1’ 126.2 126.3

2’ 7.05 (1H, s) 7.03 (1H, d, J = 1.9 Hz) 113.7 114.0

3’ 145.4 145.6

4’ 148.3 148.4

5’ 6.78 (1H, d, J = 8.3 Hz) 6.78 (1H, d, J = 8.2 Hz) 115.2 115.2

6’ 6.95 (1H, d, J = 8.3 Hz) 6.95 (1H, dd, J = 1.9 Hz and
8.2 Hz)

121.7 121.6

7’ 7.52 (1H, d, J = 15.7 Hz) 7.52 (1H, d, J = 16.1 Hz) 145.8 145.9

8’ 6.21 (1H, d, J = 15.7 Hz) 6.21 (1H, d, J = 16.1 Hz) 113.6 113.7

9’ 166.9 166.9

O-CH3 3.69 (3H, s) 3.69 (3H, s) 51.7 51.6

Table 6.
Comparison of 1H NMR and 13C NMR data of Vc3 compound and methyl chlorogenate.
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Figure 15.
Molecular structure of chlorogenic acid (Acide chlorogénique) isolated from leaves of Vaccinium cereum var.
cereum.

Compound Vc4: Chlorogenic acid or 5-O-caffeoylquinic acid

Experimental data Bibliographic data Experimental
data

Literature
[43]

Position δ1H (ppm, CD3OD) δ1H (ppm, CD3OD) δ13C (ppm,
CD3OD)

δ13C (ppm,
CD3OD)

1 75.9 74.7

2a 2.18 (1H, m) 2.17 (1H, dd, J = 3.1 Hz and
14.1 Hz)

38.1 37.3

2b 2.16 (1H, m) 2.04 (1H, dd, J = 4.9 Hz and
14.1 Hz)

38.1 37.3

3 4.14 (1H, m) 4.14 (1H, ddd, J = 3.1 Hz;
3.3 Hz and 4.9 Hz)

70.5 70.5

4 3.74 (1H, dd, J = 2.7 Hz and
7.8 Hz)

3.71 (1H, dd, J = 3.3 Hz and
8.5 Hz)

72.3 72.1

5 5.28 (1H, ddd, J = 4.6 Hz;
7.8 Hz and 9.2 Hz)

5.31 (1H, ddd, J = 4.2 Hz;
8.5 Hz and 9.1 Hz)

72.3 70.6

6a 2.18 (1H, m) 2.14 (1H, dd, J = 4.2 Hz and
14.0 Hz)

38.1 36.8

6b 2.01 (1H, dd, J = 9.2 Hz and
13.7 Hz)

2.08 (1H, dd, J = 9.1 Hz and
14.0 Hz)

38.1 36.8

7 175.1 175.6

10 127.7 126.4

20 7.04 (1H, d, J = 2.1 Hz) 7.03 (1H, d, J = 1.9 Hz) 115.2 113.9

30 146.9 145.3

40 149.8 148.1

50 6.78 (1H, d, J = 7.8 Hz) 6.75 (1H, d, J = 8.1 Hz) 116.6 115.1

60 6.94 (1H, dd, J = 2.1 Hz and
7.8 Hz)

6.94 (1H, dd, J = 1.9 Hz and
8.1 Hz)

123.1 121.6

70 7.53 (1H, d, J = 15.9 Hz) 7.56 (1H, d, J = 15.8 Hz) 147.3 145.7
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Compound Vc4: Chlorogenic acid or 5-O-caffeoylquinic acid

Experimental data Bibliographic data Experimental
data

Literature
[43]

80 6.22 (1H, d, J = 15.9 Hz) 6.22 (1H, d, J = 15.8 Hz) 115.1 113.8

90 168.4 167.3

Table 7.
Comparison of 1H NMR and 13C NMR data of compound Vc4 and chlorogenic acid.

Figure 16.
Molecular structure of isoquercitrin (Isoquercitrine) isolated from leaves of Vaccinium cereum var. cereum.

Compound Vc5: quercitrin-3-O-glucoside or isoquercitrin

Experimental data Bibliographic data Experimental
data

Literature
[48]

Position δ1H (ppm, CD3OD) δ1H (ppm, CD3OD) δ13C (ppm,
CD3OD)

δ13C (ppm,
CD3 OD)

2 159.1 159.2

3 135.8 135.8

4 179.6 179.6

5 163.1 163.2

6 6.20 (1H, d, J = 1.7 Hz) 6.20 (1H, s) 100.1 100.1

7 166.3 166.3

8 6.39 (1H, J = 1.7 Hz) 6.39 (1H, s) 94.9 94.9

9 158.7 158.6

10 105.8 105.8

10 123.2 123.2
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the carbons and protons are characteristic of glucose. Compound Vc5 is isoquercitrin
(Table 8).

Isoquercitrin is a flavonoid found in various medicinal plants. The glycosylated
derivative of quercetin would have a bioavailability superior to the aglycone. In
addition to the antioxidant effect, it is attributed to various biological activities
including antidiabetic, anti-inflammatory during allergic reactions, cardioprotective,
and anticancer [49, 50].

Compound Vc5: quercitrin-3-O-glucoside or isoquercitrin

Experimental data Bibliographic data Experimental
data

Literature
[48]

20 7.71 (1H, d, J = 1.7 Hz) 7.70 (1H, s) 117.7 117.7

30 146.1 146.1

40 150.0 150.0

50 6.87 (1H, d, J = 8.5 Hz) 6.87 (1H, d, J = 8.3 Hz) 116.2 116.1

60 7.59 (1H, dd, J = 1.7 and 8.5 Hz) 7.58 (1H, d, J = 8.3 Hz) 123.2 123.3

1″ 5.25 (1H, J = 7.5 Hz) 5.24 (1H, d, J = 7.6 Hz) 104.4 104.5

2″ 3.48 (1H, J = 7.9 Hz) 3.48 (1H, t, J = 8.4 Hz) 75.8 75.9

3″ 3.43 (1H, J = 8.9 Hz) 3.43 (1H, t, J = 8.9 Hz) 78.2 78.3

4″ 3.35 (1H, J = 9.3 Hz) 3.35 (1H, t, J = 9.2 Hz) 71.3 71.4

5″ 3.25 (1H, m) 3.22 (1H, m) 78.5 78.5

6 “a 3.58 (1H, dd, J = 5.4 and 11.6 Hz) 3.57 (1H, dd, J = 5.3 Hz
and 11.8 Hz)

62.7 62.7

6 “b 3.71 (1H, dd, J = 2.1 and 11.6 Hz) 3.70 (1H, d, J = 11.8 Hz) 62.7 62.7

Table 8.
Comparison of 1H NMR and 13C NMR data of compound Vc5 and isoquercitrin.

Figure 17.
Molecular structure of astragalin (Astragaline) isolated from leaves of Vaccinium cereum var. cereum.
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2.3.3.4 Vc6 compound

The compound Vc6 is a yellowish solid. The 6 aromatic protons H-6, H-8, H-20, H-
3’ H-50, and H-60, present in proton NMR, are characteristic of the kaempferol skele-
ton (Figure 17). The presence of a double at 5.24 ppm integrating for 1 H (anomeric
proton) is characteristic of the presence of an O-glycosidic bond. The chemical shift of
the carbons and protons is characteristic of glucose. The compound Vc6 is astragalin
(Table 9).

Compound Vc6: Kaempferol-3-O-glucoside or astragalin

Experimental data Bibliographic data Experimental
data

Literature [48]

Position δ1H (ppm, CD3OD) δ1H (ppm, CD3OD) δ13C (ppm,
CD3OD)

δ13C (ppm, CD3

OD)

2 157.1 159.3

3 134 135.8

4 178.1 179.8

5 161.7 163.4

6 6.19 (1H, d, J = 1.9 Hz) 6.17 (1H, d, J = 1.9 Hz) 98.5 100.8

7 164.6 167.9

8 6.39 (1H, d, J = 1.9 Hz) 6.36 (1H, d, J = 1.9 Hz) 93.3 95.5

9 157.7 159.0

10 104.3 105.7

10 121.36 123.2

20 8.05 (1H, d, J = 8.6 Hz) 8.05 (1H, d, J = 8.9 Hz) 130.9 132.7

30 6.88 (1H, d, J = 8.6 Hz) 6.88 (1H, d, J = 8.9 Hz) 114.7 116.5

40 160.1 162.0

50 6.88 (1H, d, J = 8.6 Hz) 6.88 (1H, d, J = 8.9 Hz) 114.7 116.5

60 8.05 (1H, d, J = 8.6 Hz) 8.05 (1H, d, J = 8.9 Hz) 130.9 132.7

1″ 5.25 (1H, d, J = 7.3 Hz) 5.22 (1H, d, J = 7.6 Hz) 102.6 104.7

2″ 3.44 (1H, dd, J = 7.3 Hz and
9.3 Hz)

3.44 (1H, t, J = 9.2 Hz) 74.3 76.1

3″ 3.42 (1H, t, J = 9.1 Hz) 3.41 (1H, t, J = 9.2 Hz) 76.6 78.5

4″ 3.33 (1H, m) 3.31 (1H, t, J = 9.8 Hz) 69.9 71.8

5″ 3.21 (1H, m) 3.19 (1H, m) 77.0 78.8

6 “a 3.53 (1H, dd, J = 5.4 Hz and
11.8 Hz)

3.53 (1H, dd, J = 5.5 Hz and
11.8 Hz)

61.2 63.0

6 “b 3.70 (1H, dd, J = 2.2 Hz and
11.8 Hz)

3.68 (1H, dd, J = 2.4 Hz and
11.8 Hz)

61.2 63.0

Table 9.
Comparison of 1H NMR and 13C NMR data of compound Vc6 and astragalin.
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Astragalin is a flavonoid endowed with, in addition to its antioxidant effect, an
anti-inflammatory activity on atopic dermatitis by acting on the inhibition of
inflammation-inducing liposaccharide mediators [48, 51].

3. Conclusion

The study of Vaccinium cereum showed a very high interest in the inhibition of α-
glucosidase, an enzyme involved in type 2 diabetes (T2DM).

All ethanolic crude extracts from the roots, branches, stems, leaves,
flowers, and fruits of V. c. var. cereum, V. c. var. pubiflorum, V. c. var.
adenandrum and V. c. var. raiateense, without exception inhibit this enzyme with
low IC50 ranging from 0.5 to 9.6 μg/mL compared to acarbose, the positive control
used in the treatment of T2DM which inhibits the enzyme with an IC50 of
270.5 μg/mL.

The highest activities are observed for roots and branches of three endemic
Vaccinium cereum taxa with average IC50 of 0.8 and 1.7 μg/mL, respectively.

In addition to α-glucosidase inhibitory activity, the extracts showed significant
antioxidant and antiradical activities.

We were able to show a positive correlation between the α-glucosidase inhibition
test and the antioxidant activities thanks to the accumulated data. The results suggest
that the inhibitory activity of α-glucosidase is due in particular to the presence of
polyphenols.

The phytochemical study of the leaves isolated and identified oleanolic acid
and ursolic acid from the dichloromethane phase from the liquid-liquid partition of
the ethanolic extract. Both acids showed a low IC50 of 10.9 and 4.2 μg/mL on
α-glucosidase, respectively, compared to acarbose which has an IC50 of 270.5 μg/mL.
These two triterpene acids are present in species of the genus Vaccinium and
have various activities as anticancer, hypolipidemic, hepatoprotective, and
antidiabetic.

From the ethyl acetate phase, phenolic compounds were isolated and identified
such as chlorogenic acid and its methyl ester, astragalin, and isoquercitrin. In addition
to their strong antioxidant activity, these phenolic compounds have anti-
inflammatory and antibiotic activities. Hydroxycinnamic acid derivatives are also
present in this extract.

Therefore, all these results revealed that this taxon represents a real health benefit
and might have promising proprieties to regulate blood sugar.
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Berries: A New Paradigm for 
Nutraceuticals
Bushra A. Waikar and Pallavi C. Mandave

Abstract

The berries are edible, small, mushy fruit. Different types of berries available 
throughout the world are strawberry, blueberry, raspberry, mulberry, blackberry, 
cranberry, gooseberry, elderberry, huckleberry, black current, dewberry, etc. Berries 
are most commonly rich in phenolic compounds, like flavonoids (i.e. anthocyanins, 
flavonoids, cathechins), tannins (i.e. ellagitannins, proanthocyanidins), stilbenoids 
(i.e. resveratrol, piceatannol), phenolic acids (i.e. hydrobenzoic and acid derivatives) 
and lignans. The growing body of research supports the classification of berries as 
a functional food with numerous therapeutic and preventative health effects. These 
organic goods are created to separate the constituents known as flavonoids and 
anthocyanins. In a number of nutraceutical, pharmacological, medical and cosmetic 
applications, they are increasingly viewed as an essential component. These com-
pounds showed a wide variety of biological activities through positive effects on the 
body which includes antioxidant action, control of enzyme activity, and prevention of 
cellular growth. They all play a role in the regulation of several hormones, including 
androgens, oestrogens, and thyroids. Consuming diets high in fruits and vegetables is 
consistently linked to a lower risk of chronic diseases like cancer and cardiovascular 
disease, according to epidemiological research. In the present review, we aim to assess 
the health-promoting potential of berries as a pharmaceutical and nutraceutical 
aspect.

Keywords: berries, chronic diseases, health benefits, nutraceuticals, functional food

1. Introduction

Our planet is affluent in a plant species that hold medicinal qualities. Some of 
plant varieties have been used since long time for treating various diseases [1]. One 
of the most significant sources of human diet is plants, particularly the fruits. Plants 
have been used as a natural source of therapeutic chemicals for countless years. 
Natural products and foods that promote health have greatly increased in popularity 
among health experts as a result of ground-breaking developments in the nutritional 
and medical sciences.

Phytonutrients, phytomedicines and phytotherapy are recent trends that are 
becoming more and more important in our daily lives [2–4]. They also enhance 
medicinal advantages and improve immune function to avoid certain diseases with 
the fewer negative effects [5]. Biological therapies known as nutraceuticals are utilised 
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to promote wellness, stop cancerous processes and fend off symptoms [6]. The under-
standing that nutraceuticals play a significant role in enhancing health has increased 
attention on a global scale, and there has been significant reorganisation among the 
population of the beneficial effects of nutraceuticals in daily life [7]. The perceived 
health benefits of the nutraceutical goods include lowering the risk of cancer and 
heart disease as well as preventing hypertension, high cholesterol, being overweight 
and osteoporosis. It also showed positive/therapeutical effect in some disease such as 
diabetes, arthritis, cataracts, macular degeneration (which causes permanent blind-
ness), menopausal symptoms, sleeplessness and poor memory.

Nutraceuticals are now being recognised as one of the methods for stopping these 
disorders [8–13]. Fruits are the most accessible and affordable source of nutrients, 
including vital amino acids, carbs, proteins, vitamins and minerals [14, 15]. In 
addition to all of these, they are useful for treating a variety of illnesses. Fruits and 
vegetables provide our body with a wide range of nutrients and phytochemicals 
that are essential for optimum health thanks to their various chemical compositions 
and colorations. Consuming fruits regularly is associated with a reduced chance of 
developing cancer, and the fruits’ phytochemicals’ synergistic and additive actions are 
what give them their powerful antioxidant and anticancer properties [1]. They have 
a significant amount of bioactive ingredients [7]. Berries are among the fruits that 
contain a variety of antioxidant phenolics, including flavonoids, stilbenes, tannins 
and phenolic acids. Free radicals and reactive oxidant species are produced in a wide 
variety of physiological processes [16].

In fruits, berries are the main source of phenolic compounds, which also include 
tannins, phenolic acids and flavonoids (flavonols, anthocyanins, isoflavonoids, 
flavanols and flavones). Berries may be used to treat a variety of diseases pharmaco-
logically by acting on inflammation and oxidative stress, which are primarily the main 
causes of diabetes, cancer, neurological, cardiovascular and other ailments [17].

Thus, the presence of pharmacologically active compounds for the treatment of 
diabetes, cardiovascular issues and various other diseases, and this chapter examines 
commonly consumed berries like strawberries, mulberries, blackberries, blueberries, 
cranberries and raspberries as well as their polyphenols as potential medicinal foods.

2. Berry cultivation: international and national scenario

Berries are known for their unique aroma, sweet taste and high phenolic contents. 
This helps to improve the standard of the diet. Strawberries, blueberries, cranberries 
and black and red raspberries are the most popular fruit kinds. Figure 1 shows an 
illustration of a few of the berries. Generally speaking, they range in coloration from 
red to purple or black depending on the species. Berries are used in a variety of food 
products, such as jams, jellies and drinks, in addition to being eaten fresh or dried.

Since environmental elements during cultivation are crucial for affecting fruit 
components and consequently the final quality, many of them have their own distinc-
tive zones that are ideal for growing. High concentrations of phenolic components, 
such as flavonoids, phenolic acids, tannins, stilbenes and lignans, are present in all 
variations. Many people’s eating habits have altered as a result of growing knowledge 
about the beneficial health effects of food bioactives and efforts to maximise nutri-
tional value.
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2.1 International scenario

Various berries are cultivated in various parts of worlds. Table 1 shows various 
berries along with scientific names and their origin in the world.

2.2 Berries in India

Most of the strawberry produced in India comes from Mahabaleshwar, 
Maharashtra, where 85 per cent of the crop is farmed. In and around the 
Mahabaleshwar region, large-scale production of gooseberry, raspberry and mulberry 
is also practised [19]. The Maharashtra area of Nashik is where grapes are primarily 
farmed. The greatest grape-producing city in India is Nashik, which is also referred 
to as the ‘Wine Capital of India’. It is at the top of the list of Maharashtra regions that 
grow grapes, followed by Sangli, Satara and Ahmednagar. Maharashtra produces 
62.7 per cent of the total grapes in India. Mulberry is mainly produced in Karnataka, 
Andhra Pradesh and Tamil Nadu states, which accounts for a total of 90 per cent 
production in India. It is also produced in West Bengal, Himachal Pradesh and the 
north-eastern states.

Gooseberry’s largest producer in India is Uttar Pradesh state, with a 35 per cent 
share in total India production. Tamil Nadu (28%) is the second largest gooseberry-
producing state followed by Madhya Pradesh (14%). Mysore is a strong, upright plant 
that produces an abundance of delicious, purple-black raspberries. Table 2 shows 
various berry-producing regions in India.

Figure 1. 
Different berries cultivated around the world.
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Sr. No Common name Scientific name Origin

1. Strawberry Fragaria ananassa Brittany, France

2. Blueberry Vacciniumcyano coccus North America

3. Raspberry Rubusidaeus Turkey

4. Blackberry Rubussubg. Rubus Armenia

5. Cranberry Vaccinium subgenus 
Oxycoccus

North-eastern North America

6. Boysenberry Rubusursinus x 
Rubusidaeus

Anaheim, California

7. Lingonberry Vacciniumvitis-idaea Native to the Scandinavian region of 
Northern Europe

8. Elderberry Sambucus Europe

9. Huckleberry/
Bilberry

Vaccinium 
membranaceum Dougl

The Andes and other mountainous 
regions of South America, Eastern 
North America

10. Goji Berry/
Wolfberry

Lyciumbarbarum China

11. Black Mulberry Morusnigra Western Asia (Iran and Afghanistan)

12. Black Currant Ribesnigrum Northern Europe

13. Gooseberry Ribesuva-crispa North-eastern and north-central 
United States and the adjacent regions 
of Canada

14. Açai Berry Euterpeoleracea Northern Brazil

15. Hardy Kiwi/Kiwi 
Berry/Siberian 
Gooseberry

Actinidia arguta Russian Far East Native to China, Korea 
and Japan

16. Salmonberry Rubusspectabilis Western U.S.A. and Canada

17. Saskatoon Berry/
Juneberry

Amelanchieralnifolia Western Canada

18. Cloudberry Rubuschamaemorus North of Sweden

19. Bearberry Arctostaphylosuva-ursi South-western China

20. Red Mulberry Morusrubra Eastern and Central North America

21. Caperberry Capparisspinosa Native of Mediterranean from Canary 
Islands and Morocco to Crimea and 
Armenia

22. Chokeberry Aronia Eastern Canada and the Central and 
the Eastern United States

23. Chokecherry Prunusvirginiana North America

24. Red Currant Ribesrubrum Western Europe

25. Dewberry Rubusflagellaris North America and Northern Europe

The information is adapted from Pire et al. [18].

Table 1. 
Berries and their origin country.
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3. Berries: a brimful of secondary metabolites

Till date, many reviews and studies have been reported on berries consumption 
and health [21]. Presently, many berries are used as components in dietary supple-
ments and different functional foods [22]. Berries are much credible in various 
phytochemicals and nutrients, which are reported to enhance health and avert various 
chronic diseases.

Phenolic compounds consist of flavonoids, that is flavonols, flavones, flavanols, 
flavanones, isoflavonoids, anthocyanins and tannins; phenolic acids are the primary 
phytochemicals present in berries. Many reports and studies calliper the health 
effects of anthocyanins that are a class of flavonoids [23]. Anthocyanidin, an aglycon 
component of anthocyanins including pelargonidin, cyanidin, peonidin, delphini 17 
petunidin and malvidin, and a sugar component make up these pigments, which are 
widely present in berries. An excellent source of anthocyanins is strawberries. The 
glycosidic derivatives of pelargonidin and cyanidin are the anthocyanins that are most 
frequently detected in strawberries [24].

In addition, berries contain stilbenes, hydrolyzable tannins known as gallic and 
ellagic acid esters, and condensed (nonhydrolyzable) tannins known as proantho-
cyanidins. It contains a range of vitamins, dietary fibres and minerals that are all 
necessary. It is low in calories and fats and plentiful in sugars [17]. Vitamin C, dietary 
fibres, potassium and folates are all present in berries like raspberries, blackberries 
and black currants. These berries range in vitamin C content from 9.7 to 60 mg/100 g 
[25]. Strawberries, blackberries and raspberries are excellent providers of potassium 
and folate (vitamin B9). Blackberries contain the lowest levels of vitamin C, whereas 

Sr. No Common name Scientific name Cultivated in India

1. Strawberry Fragaria ananassa Bengal, Delhi, Haryana, Himachal 
Pradesh, Uttar Pradesh, Maharashtra, 
West Punjab and Rajasthan

2. Mulberry Morusalba Andhra Pradesh, Himachal Pradesh 
Karnataka, Tamil Nadu, West Bengal and 
the North-eastern states

3. Grapes Vitisvinifera Maharashtra, Karnataka, Tamil Nadu 
and Mizoram

4. Gooseberry Phyllanthus emblica West Bengal, north India and eastern 
India

5. Raspberry Rubusidaeus Mysore

6. Kanta Berry 
(Kanntam)

Carissa carandas Konkan region

7. Zaraberry Phyllantha ceaeacidus In and around Goa

8. Cranberry Vaccinium subgenus Oxycoccus Andhra Pradesh, Tamil Nadu, Kerala, 
Maharashtra, Karnataka and West 
Bengal

The information is adapted from https://nhb.gov.in/report_files/strawberry/STRAWBERRY.htm [20].

Table 2. 
Berries cultivation in India.
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Sr.No Berry Secondary metabolites References

1. Strawberry Flavonoids
a. Flavonols
Quercetin-glucuronide, Quercetin-3-malonyglucoside, Quercetin-
3-glucuronide Quercetin-rutinoside, Quercetin-glucoside, Fisetin 
Kaempferol-3-malonyglucoside, Kaempferol-glucuronide, 
Kaempferol-3 glucoside Kaempferol-coumaroyl-glucoside
b. Flavanols
Proanthocyanidin B1; Proanthocyanidin B3 (þ)-Catechin; 
Proanthocyanidin trimer
c. Anthocyanins
3-malonylglucoside; 3-malonylglucosyl-5-glucoside); Cyanidin 
and their derivatives (−3-glucoside;  
3-rutinoside; −3-glucoside; −3-acetylglucoside; Pelargonidin and 
its derivatives (−3-galactoside; −3-rutinoside; −3-arabinoside; 
−3-malylglucoside; −3-malonylglucoside; −3,5-diglucoside; −
disaccharide (hexose þ pentose) acylated with acetic acid);
5-Pyranopelargonidin-3-glucoside

[29, 32, 33]

2. Mulberry Volatile glycoside; Moracin – M; 2-Arylbenzofuran; Inorganic 
anions; Cyanidin 3-rutinoside; Flavonoids; Chlorogenic acid 
and Rutin; 1-Deoxynojirmycin; Anthocyanins; Hydrophobic 
flavonoids; Moracin – C; Cynadin-3-Glucoside; Melatonin 
(N-acetyl-5-methoxytryptamine

[34–45]

3. Grapes Anthocyanins and proanthocyanidins Epicatechin; Epicatechin; 
Catechin; Gallic acid; Gallate Protocatechuic acid; Procyanidin B1; 
Procyanidin B2; Procyanidin B4; Protocatechic acid

[46, 47]

4. Gooseberry Polyphenols
Alkaloids; flavonoids; caffeic acid; rutin; phenolic acids; 
glucocorticoids; gallic acid; ellagic acid; withanolides; mangiferin; 
vitamins; saponins; tannins; carotenoids

[48–66]

5. Raspberries Anthocyanins-
Cyanidin and its derivatives (−3-sophoroside; 5-diglucoside; 
2Gglucosylrutinoside; −3-glucoside; −3-rutinoside); Pelargonidin 
and its derivatives (−3-sophoroside; −3-(2G-glucosylrutinoside); 
−3-glucoside; −3-rutinoside)
Ellagitannins
Hydroxycinnamic acids—caffeic, and ferulic acids
Hydroxybenzoic acids—ellagic acid p-hydroxybenzoic acids; 
p-coumaric
Flavonols (free and conjugated form] quercetin and kaempferol
Condensed tannins

[67–74]

6. Cranberry Anthocyanins—Arabinosides of peonidin and cyanidin 
and Galactosides; anthocyanins, Flavonol; glycosides, 
proanthocyanidins; Organic acids; Phenolic acids

[75, 76]

7. Chokeberry Cyanidin 3-glycosides; Chlorogenic acid [77]

8. Red current Phenolic compounds—Protocatechuic; chlorogenic acid; ellagic 
acid; rutin; gallic acid; catechin; syringic acid; vanillic acid; 
p-coumaric acid; o-coumaric acid; phloridzin and ferulic acid; 
caffeic acid; quercetin.
Organic acids—Citric acid; tartaric acid; malic acid; succinic 
acid; and fumaric acid.

[78]

Table 3. 
Berries along with their secondary metabolite composition.
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strawberries have the highest levels. Blackberries and blueberries contain high levels 
of vitamin K, while cranberries are rich in vitamin E [26, 27]. Beta-carotene, lutein 
and zeaxanthin are all rich in blackberries [28]. Among these berries, black currants 
have the highest concentration of calcium, iron, phosphorus and potassium [28].

Nearly 40 phenolic compounds, including kaempferol, quercetin, pelargonidin, 
cyanidin and ellagic acid glycosides, as well as flavanols, p-coumaric 36 derivatives 
and ellagitannins, are found in strawberries. This complete identification of the 
phenolic compounds found in these fruits is provided by this study [29].

Fresh mulberry fruit contains carbs in the form of simple sugars, starch, soluble 
and insoluble fibres, as well as starch. Mulberry fruit has a high water content and a 
low calorie count. The two nutrients most commonly present in these fruits are iron 
and vitamin C. These fruits include adequate levels of potassium, vitamin E and 
vitamin K. Additionally, it contains a good deal of anthocyanins, which give fruits 
their colour and have advantageous health effects. According to recent investiga-
tions, mulberry leaves contain a significant number of bioactive substances, 
primarily alkaloids, flavonoids, y-aminobutyric acid (GABA) and phenolic acids. 
1-Deoxynojirimycin (DNJ) is one of the bioactive substances that can be discovered 
in mulberries [30].

Anthocyanin flavonoids make up to 60% of the total polyphenolics in a ripe blue-
berry. Thus, anthocyanins contribute mainly to the health advantages of blueberries 
[31]. Both flavonoids and non-flavonoids are included in blueberries’ polyphenolic 
components. Proanthocyanidins and flavonols are two classes of flavonoids that can 
be found in blueberries. The hydroxycinnamic acid esters, particularly chlorogenic 
acid, are common non-flavonoid polyphenolic chemicals found in blueberries [31]. 
The different secondary metabolites found in the berries are shown in Table 3. The 
role of strawberry metabolites is in a range of disorders.

4. Strawberry metabolites in various diseases

4.1 Diabetes

Diabetes sharply raises the risk of atherosclerosis, a cardiovascular condition 
that causes diabetes individuals to die more frequently. The development of vascular 
disease is significantly influenced by high glucose-induced vascular inflammation and 
subsequent endothelial dysfunction in diabetes [79, 80]. Pro-inflammatory cytokines, 
hyperglycemia, dyslipidemia, vascular adhesion molecules and diabetes all contribute 
to vascular dysfunction by raising endothelial cell (EC) inflammation. Treatment of 
these diabetes-related complications frequently places a significant financial burden 
on both the individuals and society at large. Finding affordable medications to treat 
these problems is necessary due to the current diabetes epidemic [81, 82].

There is evidence that several of the phenolic quercetin components found in 
strawberries, such as ellagic acid and catechin in their pure forms, have antidiabetic 
properties [83]. Through the modification of hepatic enzyme activity, glucose 
metabolism and a lipid profile, flavonoids contribute to the aetiology of diabetes and 
its consequences [84]. In the streptozotocin-induced diabetic rat model, rutin stimu-
lates the production and translocation of GLUT4, which promotes glucose transfer 
to soleus muscle tissue [83–85]. Fruit flavonoids control diabetes with no adverse 
consequences by maintaining cellular homeostasis [86].
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4.2 Myocardial infarction

Heart attack is another common name for myocardial infarction. It is a very seri-
ous disorder that develops when the heart muscle is not getting enough blood flow. 
However, blockages in one or more of the heart’s arteries are most frequently to blame 
for the lack of blood flow.

According to recent research, eating two to three servings of strawberries each week 
reduces the incidence of myocardial infarction in people [87]. In rats, flavone and api-
genin exhibit a protective effect against MIRI. It significantly lowers the level of malondi-
aldehyde (MDA) and enhances the activity of superoxide dismutase (SOD) in MIRI. This 
suggests that apigenin inhibits free radical oxidation and increases the activity of oxidase 
in tissue 7, which may provide cardiac protection [88]. Epicatechin pretreatment can 
lessen the increase in metalloproteinase in the myocardial infarction area, demonstrating 
the ability of flavonoids to inhibit metalloproteinase activity in MIRI [89].

4.3 Postprandial inflammation

The rise in blood glucose that happens after eating is known as postprandial. 
Consuming strawberries has been found to lessen postprandial inflammation in 
obese persons who have a high-carb, moderate-fat meal. In adults with cardiovascular 
risk factors, strawberry consumption lowers vascular adhesion molecules. Digestive 
enzymes and intestinal flora completely metabolise anthocyanins in humans, which 
raise the possibility that the circulating metabolite may be responsible for the vascular 
effects [90].

4.4 Antioxidant activity

Antioxidant activity is the restriction or prevention of food oxidation, including 
that of proteins, lipids and carbohydrates [91]. Out of all the fruits that people eat, 
strawberries contribute the most to cellular antioxidant activity [92].

Wogonin, a 7 O-methylated flavone, has been shown to have cardiac protective 
effects by reducing irreversible I/R injury and significant ischemia-induced arrhyth-
mia, which are related to antioxidant capacity and anti-inflammatory activity [93].

4.5 Antihyperglycemic and antihypertensive

High blood glucose is a frequent name for hyperglycemia. As a result of the 
body not producing enough insulin, there is too much sugar in the blood. Brazilian 
strawberries have antihyperglycemic and antihypertensive benefits, according to 
the World Health Organisation, which defines hypertension as the condition in 
which the blood pressure is excessively high. They demonstrate the ellagic acid 
derivatives’ inhibitory action against a-amylase and a-glucosidase as well as the 
enzyme convertant angiotensin I, which may be used to treat hypertension and 
hyperglycemia [94].

4.6 Obesity and glycaemia

A disorder known as obesity involves an unregulated accumulation of bodily fat. 
It is a medical issue that raises the risk of other illnesses and health issues, includ-
ing heart disease, diabetes, high blood pressure and occasionally certain cancers 
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(Mayo Clinic staff). It is not just a cosmetic issue. It has been demonstrated that a 
powder prepared from freeze-dried strawberries can lower obesity and enhance 
glycaemic control. Strawberries include anthocyanins, which can lower blood sugar 
levels [95].

4.7 Oxidative stress and inflammation

The fluctuation between the introduction and accumulation of oxygen reactive 
species (ROS) in cells and tissues results in an occurrence known as oxidative stress 
[94]. By enhancing translocation and GLUT4 activity, decreasing oxidative stress and 
inflammation, and increasing translocation, strawberries’ polyphenol content can 
improve glucose metabolism and peripheral glucose absorption in insulin-sensitive 
tissue [96]. Inflammation is root cause of the many diseases. Antioxidant plays an 
important role in the neutralization of the reactive oxygen species (ROS). The berries 
are rich source of the antioxidants. Hence, the berries have potential nutraceuticals/
bioactive compounds. These compounds should be explored to open the way for 
medicinal foods against various diseases.

5. Conclusions

One of the most popular meal items is fruit. Berry fruits specifically play a signifi-
cant role in the diet due to its high nutritional content, which includes vitamins, miner-
als, phytochemicals and phenolic compounds. The health-promoting effects of berry 
fruits on a number of ailments are obviously enforced in this chapter, and these effects 
are linked to their phenolic components. On the other hand, there might be variations in 
these phenolic contents based on the type and variety of fruit as well as other elements 
including the environment and agricultural conditions. Many human bodily systems, 
including the gastrointestinal, cardiovascular, immunological and nervous systems, 
benefit greatly from the majority of berries. In summary, it is clear that berries are very 
healthy for people due to their high levels of flavonoids, anthocyanins and total phenolic 
acids, which have strong antioxidant properties. Reactive oxygen species (ROS), which 
are the main cause of many diseases, can be inhibited by polyphenols, which have a 
remarkable level of antioxidant capability. Berry polyphenols therefore have a credible 
potential to reduce the negative health impacts of ROS-induced illnesses and disorders.
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Chapter 10

Cranberry Effects in Urinary Tract 
Infections
Gabriela Cimadon, Sabrina Barili, Alana da Silva  
and Beatriz Bonadiman

Abstract

Cranberry is scientifically known as Vaccinium macrocarpon, belongs to the family 
of Ericaceae, and grows in humid environments, such as forests and swamps in North 
American countries. It is widely used by Native American peoples and by Europeans 
as a food and also in traditional medicine for health benefits such as cardioprotective 
and anticarcinogenic properties and prevention of stomach ulcers. Some studies have 
demonstrated the potential against bacteria that reach the urinary tract and cause 
infections. According to the research by Salo, the fruit is composed of 88% water, 
acid organic, fruits, vitamin C, flavonoids, catechins, and anthocyanidins. It can be 
found in the form of dried fruits, extracts, and juices, which usually contain only 10 
to 25% cranberry concentrate. In addition, it was revealed that anthocyanidins and 
the proanthocyanidins present in cranberry are tannins with a natural defense func-
tion against microorganisms, such as those responsible for urinary tract infections 
(UTI). This berry has a potential curative and preventive effect for various diseases, 
especially urinary tract infection. Therefore, it becomes relevant to clarify the effect 
of this natural product on urinary tract infections.

Keywords: natural product, treatment, infections, cranberry, urinary tract infections

1. Introduction

The American cranberry is one of the main native fruit cultures from North 
America. The so-called marvelous fruit, which belongs to the Ericaceae family and the 
species Vaccinium macrocarpon, has recently become the center of attention due to its 
significant therapeutic potential [1] and being a unique source that is rich in various 
bioactive classes, including flavonoids, anthocyanins, type A proanthocyanidins, 
polyphenols, carotenoids, and vitamins C and E [2].

This plant’s extract has been cultivated mainly for use in the industry as a meat 
preservative. In the medical industry, its main use is for wound healing, as well as to 
treat dental cavities and stomach ulcers, to prevent bacterial infections of the urinary 
tract caused by E. coli, and is likely to have anticancer properties. Several varieties of 
fungal pathogens are also susceptible to cultivated cranberry [3].

The daily consumption of a variety of fruit is recommended to keep healthy nutri-
tion standards, to meet a suitable intake of micronutrients, and to promote the intake 
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of a diversity of phytochemicals. Wild berries, including cranberries, represent a rich 
source of phenolic bio-actives that can contribute to human health [2].

Although they are not usually eaten raw, cranberries are available in a wide range 
of choices including juice and sauce, as well as dried fruit in cereal bars, cheese, 
chocolate, and other confectionary. All these choices of product are beneficial to 
health in a similar way and are easy to include in daily meals. Moreover, cranberry 
powder and extracts are now used in food and dietary supplements [2].

2. Effects of cranberry

Cranberry products have been used for centuries in popular medicine for the 
urinary tract health, and their antioxidant and antibacterial properties have been 
long reported [4, 5]. Cranberry’s biological activities are attributed to a diversified 
phytochemical profile with flavonoids such as flavonols, anthocyanins, and proantho-
cyanidins and catechins, phenolic acids, and triterpenoids [6].

The cranberry fruit has a vast class of phenolic compounds, responsible for its 
antioxidant activities. Chlorogenic acid and quercetin found in cranberry fruit are 
associated with a reduction in blood pressure, obesity, dyslipidaemia, and the effects 
of vasodilation improvement dependent on the endothelium [7–9].

Triterpenoids found in the wax of the cranberry fruit peel are associated with 
anti-inflammatory, anti-tumor, and anticancer activities [10, 11]. Previous stud-
ies have reported the efficacy of cranberry extracts to inhibit the growth and 
induction of apoptosis against different lineages of cancer cells, such as lung, 
ovarian, breast, prostate, and cervical cancer [4, 12, 13]. These antitumorigenic 
properties can be related with its antioxidant activity, which attenuates oxidative 
stress through the modulation of endogen enzymes and the reduction of oxidative 
markers [3, 14].

The polyphenols, anthocyanins, and proanthocyanidins found in cranberries 
act in the cell signaling pathways responsible for inflammation [4, 15]. The anti-
inflammatory activity of cranberry products has been shown in the modulation of 
inflammatory markers of different inflammatory diseases such as colitis [16], hepatic 
inflammation [15], inflammatory intestinal disease [17], and pancreatic inflammation 
[14]. The administration of cranberry capsules standardized with proanthocyanidins 
has shown effect on the occurrence and severity of cystitis by radiation in prostate 
cancer patients [4].

Cranberries have been associated with the urinary tract health. Previous studies 
suggest that cranberry reduces urinary tract infections through negative regulation 
and interference on multiple virulence factors, which are associated with stress 
tolerance and microorganism survival in the urinary tract [18]. Cranberry products 
showed action against motility of the pathogens Pseudomonas aeruginosa, Escherichia 
coli, and Proteus mirabilis. Furthermore, a modulation of quorum sensing has been 
shown, which is a signaling pathway that influences several other bacterial virulence 
factors [19–21].

Bioactive compounds with selective antiviral activity in pathogenic bacteria can be 
extremely useful in the fight against bacterial infections caused by pathogens resistant 
to broad-spectrum antibiotics [20]. It has been shown that cranberries and propolis 
act to protect against adherence, motility, biofilm, and bacterial multiplication in the 
urinary tract when used as an alternative in the treatment for urinary tract infections 
by E. coli [22].
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A number of studies have shown the potential of this species for pharmacologi-
cal application directed to oral health. In this context, cranberry hydroalcoholic 
extracts inhibited the growth of six oral pathogenic microorganisms on the cario-
genic, periodontal, endodontic, and candida order, namely, Streptococcus mutans, 
Lactobacillus acidophilus, P. gingivalis, Aggregatibacter actinomycetemcomitans, E. 
faecalis, and C. albicans [23, 24].

Cranberry products are associated with benefits to digestive health. They 
contain fibers and polyphenols related to the beneficial modulation in the gut 
microbiota, promoting the development of beneficial microorganisms, decreasing 
the occurrence of pathogenic microorganisms, and modulating the production of 
microbial metabolic products that help digestive health, such as short-chain fatty 
acids (SCFA) [16, 25, 26].

Proanthocyanidins are associated to the benefits against Helicobacter pylori infec-
tions, and the daily intake of cranberries is indicated for at least eight weeks [27].

Clinical studies with humans using cranberry products have focused mainly on 
the health of the urinary and cardiovascular tracts, oral health, and gastrointestinal 
epithelium [14] and have shown the high biotechnological potential of this species; 
however, it is still underestimated regarding other biological activities and therapeu-
tic and pharmacological applications.

3. Cranberry effects on the treatment of urinary tract infections

Urinary tract infections (UTIs) are the most disseminated bacterial infections, 
and they represent a heavy economic and medical burden worldwide [28]. UTI is a 
pathology that predominates in all populations, even though women are the most 
affected. Approximately 50 to 70% of women have at least one episode of UTI during 
their lives, and 20 to 30% have recurring episodes [29].

In the majority of the infections of cystitis, 85%, the main etiological agent is  
E. coli (UPEC), but other microorganisms cause infections; Gram-negative bacteria 
Klebsiella pneumoniae and gram-positive coccus such as staphylococcus and entero-
coccus seem to be implicated in these infections [30, 31].

In Latin America, high percentages of E. coli strains were found to be resistant 
to fluoroquinolones (17.5–18.9%), ampicillin (61.4%), amoxicillin, clavulanic acid 
(18.6%), ceftriaxone (20.5%), gentamycin (25.0%), and trimethoprim/sulfamethox-
azole (45%) [32].

It is important to point out that uropathogens can form biofilm to more easily 
adhere and increase their resistance. This affects the remaining microorganisms, 
causing higher adherence and multiplication, which may result in thick biofilms 
that significantly reduce the efficacy of antimicrobial treatments. When biofilm 
resources are limited, mature bacteria detach and can colonize a new surface to 
repeat the cycle [33].

Conventionally, the use of antibiotics to treat this pathology has been effective 
but may lead to resistance among uropathogens and other adverse side effects such as 
damage to gut microbiota. For these reasons, there is increasing interest in the search 
for natural therapies to prevent and treat UTIs to fight against the increase of bacte-
rial resistance to antibiotics and the high recurrence rates [31, 34].

In these circumstances, one of the most studied alternative therapies against 
UTIs is the treatment with V. macrocarpon [32]. Salo et al. [35] have brought to light 
that anthocyanidins and proanthocyanidins found in cranberries are tannins with 
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a natural defense function against microbial cells, and are a source of high-quality 
antioxidants.

Several clinical studies suggest that the intake of cranberry juice or cranberry 
supplements can reduce the occurrence of UTIs in healthy women [36, 37]. These 
observations were supported by the results of in vitro research, which show that 
compounds derived from cranberry (polyphenols and type A proanthocyanidins, for 
example) can interfere with bacterial adherence to epithelial cells of the urinary tract, 
attenuate the uropathogenic reservoir in the gastrointestinal tract, and suppress the 
inflammatory cascade [38, 39].

Among other possible mechanisms behind the protective effects of cranberries 
against UTIs is the ability of cranberry polyphenols to act as antiadhesive agents to 
prevent/inhibit the adherence of pathogens to uroepithelial cell receptors, which 
seems to be an important step in the pathogenesis of these infections [40].

As an alternative for the treatment of UTIs caused by E. coli, Ranfaig et al. [22] 
presented a study that assessed the levels of genome expression of this bacteria and 
measured them in the presence of cranberry and propolis products separately, and 
later compared with the non-treated isolate. They observed that cranberry along 
with propolis acted favoring protection against adherence, motility, biofilm, bacterial 
multiplication, and virulence of the urinary tract. Furthermore, the authors affirmed 
that the administration of both compounds was able to make the propolis intensify 
the action of cranberry, thus reaching the desired therapeutic effect.

Saramarasinghe et al. [41] performed a study with an isolate of E. coli 
CTXM-15, chosen due to its fast dissemination and resistance to some groups 
of antibiotics. It was submitted for analysis by qRT-PCR (quantitative reverse 
transcription-polymerase chain reaction) of the behavior of virulence factors after 
treatment with Cysticlean®, a cranberry product containing around 240 mg of 
proanthocyanidins.

The ten selected genes performed significant roles in normal cell functions such 
as iron absorption, toxin production, and stress survival in E. coli resistant to third-
generation cephalosporin, and its relative genic expression was determined after 
exposure to Cysticlean® using qRT-PCR. Results showed that Cysticlean® signifi-
cantly reduces the expression of a large variety of genes responsible for aptitude and 
virulence [41].

Two complementary mechanisms were suggested to explain the ability of 
American cranberry to reduce urinary tract infections. The first mechanism was 
credited to its biocide activity, which is made possible by the production of various 
elements that can damage the uropathogenic bacteria. Other mechanism to its anti-
viral activity through the negative regulation and interference with others virulence 
factors associated to stress tolerance and survival in the urinary tract [18].

Ventura [32] has shown the report of a patient who has suffered from recurring 
urinary infections for 20 years and made use of oral Ciprofloxacin for three days, later 
finding out they had E. coli following urine culture and resistance to the antibiotic 
they were using. Therefore, it was suggested to the patient to have treatment with 
cranberry extract.

The treatment described by Ventura [32] consisted of the intake of 5 g of the fruit, the 
equivalent amount to 18 mg of proanthocyanidins, dissolved in 250 mL of water, twice a 
day for 20 days, with follow-up attention. Six days after the end of treatment, the patient 
was asymptomatic, urine culture was normal, and antibiogram was negative. Thirteen 
weeks later, the patient was still asymptomatic, and urine cultures remained negative 
regarding bacterial growth.
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4. Conclusion

The information obtained through the studied papers allows to conclude that the 
use of V. macrocarpon is an effective therapy in cases of urinary tract infections and 
has prophylactic action in cases of recurrent infections due to proanthocyanidins 
and anthocyanidins, which impair bacterial adherence to the urinary tract wall, and 
antiviral action that causes bacterial weakening and inactivation.

Finally, this natural product is promising for the treatment of urinary infections 
caused by gram-negative and -positive bacteria.

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Abstract

Strawberry (Fragaria × ananassa Duch.) is a natural hybrid species that is culti-
vated all over the world for its aggregate accessory fruits. Strawberry earns a great 
respect in the world fruit market owing to its fascinating colour and appealing 
distinctive flavour, and in India became very popular amongst the farming com-
munity due to early production and premium prices. However, the growers do not 
seem to adopt proper agronomic practices due to various reasons. Amongst the 
various factors responsible for low production, inappropriate crop geometry and poor 
selection of mulch material are important. Crop geometry plays a remarkable role for 
enhancement of strawberry quality through effective utilisation of solar radiation, 
nutrients and underground resources bringing about better photosynthate formation. 
The utilisation of mulch in commercial crop production has been practiced to evolve 
quality strawberry production with reduced disease incidence. The present study was 
conducted to determine the response of crop geometry and mulch on the postharvest 
quality of strawberry. Based on yield, quality and economics, the treatment combina-
tion (40 cm × 40 cm plant spacing with silver black mulch) was found to be the most 
viable economic proposition for strawberry in Jorhat condition of Assam.

Keywords: strawberry, spacing, mulch, quality, sensory evaluation, disease incidence

1. Introduction

Strawberry (Fragaria × ananassa Duch.) belongs to the family Rosaceae. The 
modern cultivated variety is a hybrid of Fragaria virginiana and Fragaria chiloensis. 
The native strawberry, F. virginiana was a hardy plant with the ability to withstand 
cold temperature and drought. It was cultivated by the Early colonists in North 
America and was imported from North America to Europe in the early 1600s. A wild 
strawberry, F. chiloensis, was found by explorers found in 1700s in Chile. It grew large 
fruit but was not well suited to a wide range of climates [1].

From the viewpoint of botany, it is aggregate accessory fruit and not berry as 
fleshy part is derived from central receptacle that holds floral ovary. Imbedded 
achenes (average 200 on each strawberry) which encompass seeds inside are found 
in the outermost fruit surface. Owing to its unique organoleptic properties and 
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nutraceutical importance, strawberry is considered as one of the most appealing 
fruit crops [2].

Strawberry is a non-climacteric and highly perishable fruit. Numerous physiologi-
cal, morphological, and compositional changes during ripening transform inedible 
strawberry fruit into a highly cherished fruit. Such changes during the ripening stage 
include loss of chlorophyll, gain of anthocyanin, increase in sugars, ascorbic acid and 
pectin, and reduction in acidity, phenolic and cellulose. Also, Disassembly of cell wall 
mainly due to dissolution of middle lamellae leads to fruit softening at this phase. The 
fruits which harvested at fully ripened stage are accompanied by high respiration and 
tissue softening rate, water loss and susceptibility to physical damage which finally 
leads to fungal infections, particularly Botrytis rot and Rhizopus rot [3]. It holds great 
importance to adopt appropriate crop management procedures to ensure fruit quality.

The aim of this chapter is to collate and thoroughly narrate the code of crop man-
agement practices which need to be followed in the course of pre-harvest operations of 
strawberry to minimise the losses and certainly fix the quality management concerns.

1. Uses and nutritional benefits: The strawberry fruit has become a functional 
food providing a number of health benefits apart from basic nutrition as due 
to its antioxidant, anti-inflammatory, antihyperlipidemic, antihypertensive, or 
antiproliferative effects affecting modification of aetiology of chronic diseases. 
Polyphenol and vitamin content contributes for the Antioxidant properties 
of strawberries with identification of about 40 phenolic compounds, such as, 
glycosides of quercetin, kaempferol, cyanidin, pelargonidin, ellagic acid, as 
well as ellagitannins with the most significant contributors being ascorbic acid, 
ellagitannins and anthocyanins [4].

2. World production: Globally in 2019, a total of 8,885,028 tons of strawberries 
were produced. Currently, the largest strawberry producer in the world is China 
followed by United States and Mexico respectively, with a crop area significantly 
smaller than China but with a yield of more than 50% compared to China. China 
stands out with 36.2% of the world total, whilst the second and third positions 
are occupied by the United States and Mexico, with 11.5% and 9.7%, respectively. 
It is important to note that both Russia and Poland have much larger strawberry 
area than Mexico, yet they are not close in production levels due to their very low 
yields. The United States and Mexico have the highest yields worldwide, with 
56.3 and 52.4 t/ha, respectively [5].

3. Cultivation and harvesting: Healthy, uniform plants with adequate supply of 
nutrients contribute towards higher yield of strawberry. Quality planting mate-
rial and varieties play an important role on the growth and development of any 
crop. Variation in responses of the varieties to growing practices and the prevailing 
environment condition during the growing season has been found.  Tremendous 
response of strawberry to major essential elements like N, P and K for its growth, 
yield and quality has been reported with enhanced marketable yield but an 
adequate supply is essential for vegetative growth, and desirable yield. Excessive 
use of these nutrients is not only uneconomical but also induces physiological 
disorder. Adequate sunshine is prerequisite for strawberry cultivation along with 
a well-drained soil rich in organic matter. It is advised not to cultivate strawberry 
in the same land for several years. Alkaline soil or high acidic soil should be 
avoided with preferred soil pH 5.6 to 6.5. Generation of runner has been found 
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to be better in light soils with good organic matter. The ideal time for strawberry 
cultivation is October–November. Land should be well-ploughed and healthy 
runners are required for planting on raised bed with late afternoon being the 
best time. It is susceptible to drought as strawberry is relatively shallow-rooted. 
In absence of frequent  irrigation, the plant mortality becomes high. Weed 
control needs to be taken up in strawberry production. Flowering starts within a 
month of planting and harvesting can be done within two and half months of its 
planting. Harvesting done when strawberry ripens and turns bright red [6].

4. Biochemical changes during fruit ripening: Physical, physiological and bio-
chemical changes occurring during fruit ripening seem to modify their internal 
quality in terms of firmness, colour, starch content, organic acids and flavouring 
compounds. Strawberry is the model non-climacteric fruit in which with the 
onset of maturity, the colour of fruits changes due to the accumulation of antho-
cyanin pigment. Organic acids play a vital role in the growth, and development 
of fruits and the major organic acid profoundly found in strawberry is ellagic 
acid. The flavour consists of basically three components viz. aroma, taste and 
mouth feel. Though fruit taste is contributed by the intricate amalgamation of 
sugars, organic acids, phenolics and volatile compounds, the distinctive flavour 
of any specific commodity is attributed to a particular flavouring volatile. The 
major flavouring compounds identified are esters, alcohols, aldehydes, acids and 
ketones. Furaneol is a volatile compound found in strawberries and has a role as 
a flavouring agent, a fragrance and a plant metabolite [7].

Plant spacing is a crop management practice which has a prominent influence on 
fruit quality but has received a sort of slight attention in strawberry cultivation. Crop 
management practice like mulch has tremendous influence on crop growth, which 
finally limits their yield and quality. Strawberry is a surface feeder and therefore 
mulching plays a very important role in soil moisture conservation, weed control 
and keeping the fruit clean. Therefore, there is a necessity to adopt appropriate crop 
management approaches to enhance quality of Strawberry.

2. Crop management practices affecting strawberry fruit quality

2.1 Crop geometry

Amongst the various factors responsible for low production, inappropriate crop 
geometry is important. Thus, strawberry yield could be increased by using a suitable 
plant density and establishing an optimum population per unit area of the field is 
critical to achieving maximum yield. Narrow and wider spacing affects yields because 
of competition for nutrients, moisture, air, radiation and poor utilisation of the 
growth factors. With increase in population, yield gets increased proportionally up to 
a certain level after which the yield declines. Soil fertility, moisture availability, crop 
growth pattern and cultural practice are some factors affecting spacing [8].

2.2 Mulch

Mulches have a substantial impact on enhancing the sustainable yield and quality 
of fruit. It improves the physical and chemical qualities of the soil and availability of 
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nutrient pool and biological qualities by increasing beneficial soil microbes. Mulching 
with different materials significantly increased the physico-chemical qualities of 
fruits. The practice of applying a layer of dead vegetative waste mulch on soil surface 
such as straw mulch and polyethylene mulches to conserve soil moisture has been 
prevalent for a very long time in many areas. Polyethylene mulch colour dictates its 
energy-radiation behaviour and its effect on the plants’ microclimate; it can also 
affect spectral balance and quantity of canopy light and thus influencing the accumu-
lation of bioactive compounds [9, 10].

3.  Effect of crop management practices on percent postharvest disease 
incidence

Postharvest plant disease can be measured by recording the presence or absence 
of symptoms known as “incidence”, and the degree to which the symptoms are 
expressed known as “severity”. Weather and other environment may cause stress in 
plants and reduce natural defences by creating favourable conditions for pathogens 
to infect the plants. Postharvest diseases of fruit can start with fruit set and till 
harvest. The epidemiology of a disease influenced by weather conditions in the field, 
and postharvest disease incidence depends on the latent infections initiated in the 
field during the season. It also depends on fungal propagules contamination during 
harvest and effectiveness of postharvest treatments including storage and marketing 
conditions [11].

The time after harvest is characterised by physiological changes in the fruit that 
favour the occurrence of postharvest diseases, which are often observed only after 
sale. Postharvest diseases may be typical or quiescent. Pathogens that infect the 
fruits by wound after harvest cause Typical postharvest diseases. Examples of typical 
pathogens are Rhizopus sp. and Pestalotiopsis sp. Pathogens that infect immature fruit 
prior to harvest cause Quiescent infections. Such infected fruits remain asymptomatic 
until maturity, and onset of the disease triggered by structural and physiological 
changes [12]. The interval between harvest and consumption is necessarily short due 
to the perishability of the fruit. For this reason, many quiescent diseases cannot be 
observed at the time of product packaging and shipping.

Percent postharvest disease incidence mainly grey mould were recorded in the 
laboratory by using the formula as mentioned by [13].

Different spacing and mulch treatment combination had significant effect on 
percent postharvest disease incidence mainly grey mould in strawberry. The straw-
berry has excellent sensory characteristics but it is highly perishable, with limited 
postharvest life due to high moisture content, sugars and acids, therefore making it 
an ideal substrate for proliferation of pathogenic organisms that cause considerable 
postharvest damage. The pathogens Botrytis cinerea, followed by Rhizopus stolonifer, 
Colletotrichum spp. Mucor spp., are mainly responsible for postharvest diseases of 
strawberry fruit. Botrytis cinerea is the causal organism of grey mould which can cause 
infection before harvest, in the field stage and stays dormant in storage, till the condi-
tions become favourable for their development [14].

The present study as depicted in Tables 1 and 2 revealed that the percent posthar-
vest disease incidence was noted significantly least (27.42%) with wider spacing of 
40 cm × 40 cm whereas the maximum (31.35%) was recorded with the closest spacing 
of 20 cm × 30 cm. This might be attributed to the fact that proper plant spacing helps 
to prevent the development of foliar diseases; because wider rows improve wind 
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Treatment Post-harvest disease incidence (%)

2019–2020 2020–2021 Pooled

Spacing (S)

20 cm × 30 cm 30.79c 31.91c 31.35c

30 cm × 30 cm 29.47b 30.63b 30.05b

30 cm × 40 cm (S3) 29.07b 30.28b 29.67b

40 cm × 40 cm (S4) 27.37a 28.22a 27.79a

40 cm × 60 cm (S5) 26.92a 27.93a 27.42a

SEd (±) 0.41 0.46 0.31

CD (P = 0.05) 0.83 0.94 0.62

Mulches (M)

Paddy straw (M1) 31.24c 32.32c 31.78c

Red mulch (M2) 21.54b 22.85b 22.20b

Silver black mulch (M3) 20.76a 21.99a 21.37a

No mulch (M4) 41.36d 42.00d 41.69d

SEd (±) 0.36 0.41 0.28

CD (P = 0.05) 0.74 0.84 0.55

SEd (±) 0.82 0.93 0.62

CD (P = 0.05) NS 1.88 1.23

Superscript by same letter means they are at par.

Table 1. 
Effect of spacing and mulch on post-harvest disease incidence of Strawberry.

Interaction  
(S × M)

Post-harvest disease incidence (%)

Treatment 
combination

2019–
2020

2020–
2021

Pooled Treatment 
combination

2019–
2020

2020–
2021

Pooled

T1 (S1M1) 33.33 34.55 33.94 T11 (S3M3) 21.25 22.95 22.10

T2 (S1M2) 24.15 25.48 24.81 T12 (S3M4) 41.34 41.89 41.61

T3 (S1M3) 23.28 24.40 23.84 T13 (S4M1) 30.46 31.51 30.98

T4 (S1M4) 42.41 43.22 42.82 T14 (S4M2) 19.32 20.36 19.84

T5 (S2M1) 31.82 32.44 32.13 T15 (S4M3) 18.80 19.46 19.13

T6 (S2M2) 22.52 24.11 23.32 T16 (S4M4) 40.89 41.56 41.22

T7 (S2M3) 21.92 23.90 22.91 T17 (S5M1) 29.30 30.75 30.03

T8 (S2M4) 41.63 42.07 41.85 T18 (S5M2) 19.29 20.40 19.85

T9 (S3M1) 31.29 32.36 31.82 T19 (S5M3) 18.55 19.25 18.90

T10(S3M2) 22.42 23.91 23.16 T20 (S5M4) 40.56 41.29 40.93

2019–2020 2020–2021 Pooled

SEd (±) 0.82 0.93 0.62

CD (P = 0.05) NS 1.88 1.23

The data from the interaction effect of spacing and mulch as depicted in Table 2 revealed that treatment combination 
T19 (40 cm × 60 cm with silver black mulch) recorded least percent postharvest disease incidence (18.90%) in the study.

Table 2. 
Effect of spacing and mulch interaction on percent post-harvest disease incidence.
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penetration to reduce humidity through the crop canopy, thus making the environ-
ment suboptimal for disease infestation. Similar views were expressed by [15] in their 
study.

Minimum postharvest disease incidence (21.37%) was observed under silver black 
mulch whereas maximum (41.69%) was recorded under no mulch treatments. It 
might be due to the fact that the use of plastic mulch may cause less humid surround-
ings for the plants and, hence, less incidence of Botrytis. Minimum botrytis fruit rot 
infection observed in plants under silver black polyethylene and maximum in bare 
soil followed by paddy straw, mainly because straw is favourable medium for spread 
of Botrytis cinerea. The results are in agreement of [16, 17].

The data from the interaction effect of spacing and mulch revealed that treatment 
combination T19 (40 cm × 60 cm with silver black mulch) recorded least percent 
postharvest disease incidence (18.90%) in the study. During the entire period of 
study, the percent disease incidence observed irrespective of the treatments could be 
attributed by presence of disease causing inoculums due to favourable environmental 
conditions.

4. Effect of crop management practices on biochemical parameters

Plant density plays an important practice for providing good open position 
for sunlight, nutrients and moisture availability for quality crop production. To 
achieve a high-quality yield, high soil moisture is required during the entire grow-
ing period. Surface mulches have been used to improve water retention, reduce 
soil temperature and reduce wind velocity. Several factors such as plant density 
affect crop biochemical parameters viz. TSS, Sugars, Titratable acidity, Ascorbic 
acid, fruit pH. TSS can be measured by Zeiss Hand Juice Brix Refractometer and 
Sugars were estimated by Fehling “A” and “B” solution method as described by [18]. 
Titratable acidity can be estimated using standard method of [19] and ascorbic acid 
content estimated by using method of [20]. The pH measurements were made using 
a digital pH meter and the moisture content of the edible part of fruit estimated by 
using the method of [21].

Different spacing and mulch treatment combination as presented in Table 3 
had significant effect on quality parameters viz., TSS, total sugar, reducing sugar, 
non-reducing sugar, titratable acidity, ascorbic acid, fruit juice pH and moisture 
content in strawberry. Total Soluble Solids (TSS) showed non-significant effect due 
to spacing and higher TSS (11.39°Brix) noted with wider spacing of 40 cm × 40 cm 
whereas the lowest TSS (11.16°Brix) was recorded with the closest spacing of 20 cm × 
30 cm. This could be due to less interplant competition for light under wider spacing 
and wider spacing provides larger canopies which provide more photoassimilates, 
thus increasing TSS. On the other hand, TSS was significantly higher in silver black 
mulch (12.75°Brix) whilst lowest in no mulch (9.31°Brix). TSS might be more in plastic 
mulches due to the fact that plastic mulches concentrate CO2 around the plant canopy 
and this accumulated CO2 concentration might have accounted for increased TSS. 
Similar results were also obtained by [22] who reported higher Total soluble solids 
(11.96°Brix) under wider spacing of 0.60 m in rockmelon and [23] noticed higher TSS 
in husk tomato plants from white on black mulching treatment.

Maximum total sugar (6.31%) was observed under widest spacing 40 cm × 60 cm 
whereas minimum (6.12%) was recorded under closest spacing of 20 cm × 30 cm. 
Similarly, highest reducing sugar (5.59%) was noted in 40 cm × 40 cm spacing 
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whereas minimum reducing sugar (5.37%) was observed in 20 cm × 30 cm. Sugar 
content was recorded higher under wider spacing possibly due to higher photosynthe-
sis and availability of metabolites because of higher interception of Photosynthetically 
active radiation (PAR) by individual plant and better translocation and accumulation 
of nutrients. Maximum total sugar (6.38%) and reducing sugar (5.61%) under silver 
black mulch might be attributed to high soil temperature and higher nutrient avail-
ability which provided favourable microclimate for increased sugar content. The 
current findings are in consonance with results of [24] who got total sugars (8.50%), 
reducing sugar (4.78%) in strawberry under wider spacing and [25] reported total 
sugar (5.71%), reducing sugar (3.41%), non-reducing sugar (2.30%) in aonla.

Titratable acidity was found to have non-significant effect due to spacing. Higher 
titratable acidity (0.74%) was obtained under closer spacing of 20 cm × 30 cm and 
30 cm × 30 cm whereas minimum titratable acidity (0.71%) was recorded under 
wider spacing of 40 cm × 60 cm which might be due to shade effect where sugar 

Treatments TSS 
(°Brix)

Total 
sugar 
(%)

Reducing 
sugar (%)

Non 
reducing 

sugar (%)

Titratable 
acidity 

(%)

Ascorbic 
acid 

(mg/100g)

Fruit 
pH

Moisture 
content 

(%)

Spacing (S)

20 cm × 30 
cm (S1)

11.16 6.12 5.37 0.76 0.74 67.30 3.86 91.57

30 cm × 30 
cm (S2)

11.23 6.18 5.44 0.74 0.74 71.87 3.86 91.70

30 cm × 40 
cm (S3)

11.28 6.24 5.50 0.75 0.73 74.27 3.87 91.74

40 cm × 40 
cm (S4)

11.39 6.30 5.55 0.76 0.72 77.61 3.91 91.70

40 cm × 60 
cm (S5)

11.36 6.31 5.59 0.72 0.71 78.65 3.88 91.51

SEd (±) 0.10 0.01 0.01 0.01 0.02 1.47 0.01 0.22

CD (P = 
0.05)

— 0.02 0.02 — — 2.92 — —

Mulches 
(M)

Paddy straw 
(M1)

11.06 6.15 5.42 0.74 0.80 65.73 3.84 92.05

Red mulch 
(M2)

12.02 6.31 5.52 0.78 0.65 82.67 3.92 91.04

Silver black 
mulch (M3)

12.75 6.38 5.61 0.77 0.65 85.81 3.93 91.09

No mulch 
(M4)

9.31 6.08 5.39 0.69 0.83 61.53 3.81 92.40

SEd (±) 0.09 0.01 0.01 0.01 0.02 1.31 0.01 0.19

CD (P = 
0.05)

0.18 0.02 0.02 0.02 0.03 2.61 0.02 0.38

Table 3. 
Effect of spacing and mulch on quality of strawberry.
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conversion from organic acid is hampered due to lack of sufficient light in closer spac-
ing. Least titratable acidity (0.65%) was found in silver black mulch and red mulch 
which might be due to rapid conversion of organic acid to sugars and more reflection 
of photosynthetically active radiation(PAR) from plastic mulch into fruiting zone 
elevated conversion into sugars and reduction of acidity [24] obtained lowest titrable 
acidity (0.812%) under wider spacing of 50 cm × 40 cm and [26] reported least acid-
ity (1.40%) in plants under black polyethylene film and higher acid content (1.52%) 
under unmulched plants during his study on plum.

Perusal of data revealed that the maximum ascorbic acid (78.65 mg 100 g−1) was 
recorded in 40 cm × 60 cm which was at par with 40 cm × 40 cm (77.61 mg 100 g−1) 
whilst the minimum ascorbic acid was recorded in 20 cm × 30 cm (67.30 mg 100 g−1). 
Higher ascorbic acid in wider spacing might be due to more light exposure and greater 
accumulation of photosynthates. Ascorbic acid content was significantly influenced by 
mulch treatments, with maximum ascorbic acid (85.81 mg 100 g−1) recorded in silver 
black mulch whereas no mulch reported minimum ascorbic acid (61.53 mg 100 g−1). 
Improvements in ascorbic acid in polythene treatments may be due to promotion effect 
of plant growth and metabolic processes which led to increase in chemical composition. 
Reflection of light from polythene mulches might have played a role in modifying micro-
climatic conditions. The results are in conformity with findings of [27] who obtained 
higher ascorbic acid (178.78 mg 100 g−1) in the wider spacing of 6 m × 6 m and [28] 
found higher ascorbic acid (26.64 mg 100 g−1) under silver black mulch in tomato com-
pared to paddy straw (25.30 mg 100 g−1) and no mulch treatments (24.28 mg 100 g−1).

In the present study, no significant effect of spacing on fruit pH was found. The 
increase in pH could be related to a possible decrease in the respiratory metabolic activity 
or increase in ascorbic acid content as expressed by [29]. Higher fruit pH (3.93) under sil-
ver black mulch could be due to changes in quality and quantity of light energy re-radiated 
into plant canopy from mulch that might have influenced fruit pH in agreement with [30] 
who got higher juice pH (3.57) in pomegranate plants mulched with black polythene.

Effect of spacing on fruit moisture content was non-significant whereas in red 
mulch treatment, minimum fruit moisture content (91.04%) was recorded that could 
be due to better conversion of starch into sugars. Hence lower relative water content in 
fruits with increase in ripeness level in agreement with views of [31].

The strawberry fruits lying on the ground come in contact with soil making the 
fruits dirty and susceptible to soil-borne pathogen infections, leading to reduced fruit 
quality. This is an additional advantage of using mulches in strawberry production by 
reducing the number of diseased and dirty berries [32].

5. Effect of crop management practices on sensory evaluation

The fruits of different treatments were subjected to sensory evaluation for evaluat-
ing firmness, skin colour, pulp colour, flavour and sweetness are presented in Table 4.

The highest numerical rating with respect to firmness (Hedonic scale rating 4.14), 
skin colour (4.42), pulp colour (4.28), flavour (3.57), sweetness (3.71) was observed 
under treatment combination T15 (40 cm × 40 cm spacing with silver black mulch) 
having good overall acceptability. The numerical rating was lowest with respect to 
firmness (3.28), skin colour (3.28), pulp colour (2.28), flavour (2.00), sweetness 
(1.85) were recorded in T17 (40 cm × 60 cm spacing and paddy straw) giving accept-
ability score of 2.53 and T12 (30 cm × 30 cm with no mulch) giving score of 2.93 and 
both had the overall acceptability below 3.
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The better organoleptic qualities under wider spacing could be due to fact that 
sufficient sunlight under wider spacing might have led to better conversion of starch 
to sugar as observed by [33]. The better organoleptic traits under plastic mulch treat-
ment could be due to more reflection of photosynthetically active radiation (PAR) 
into fruiting zone which elevated sugar conversion in agreement with views of [34]. 
In the study, the panel gave at par ratings to the samples for acceptance of the external 
appearance, indicating that the consumers would accept better sample, despite differ-
ences in physical characteristics. The average hedonic value, however, did not always 
faithfully represent the opinions of the judges as a group as opined by [35].

6. Conclusion

Strawberry is a highly perishable fruit and there are several crop management 
practices which have effect on fruit quality. Numerous crop management strate-
gies such as spacing and mulching need to be scaled up to enhance the fruit quality. 

Treatment 
combination

Sensory evaluation rating

Firmness Skin 
colour

Pulp 
colour

Flavour Sweetness Average

T1 (S1M1) 3.71 3.85 2.57 2.85 2.71 3.13

T2 (S1M2) 3.42 4.42 3.71 3.85 3.57 3.79

T3 (S1M3) 3.71 4.42 3.57 3.57 3.57 3.77

T4 (S1M4) 3.57 4.57 3.71 3.42 3.28 3.71

T5 (S2M1) 3.85 4.28 3.28 3.42 2.85 3.53

T6 (S2M2) 3.85 4.71 3.71 3.42 3.14 3.76

T7 (S2M3) 3.42 4.14 3.57 3.57 2.42 3.42

T8 (S2M4) 3.57 4.00 3.71 3.42 3.14 3.56

T9 (S3M1) 3.57 3.57 3.57 3.14 3.42 3.45

T10 (S3M2) 3.85 4.71 4.00 3.42 3.42 3.88

T11 (S3M3) 3.85 3.71 3.14 3.00 2.71 3.28

T12 (S3M4) 3.42 3.28 2.57 3.00 2.42 2.93

T13 (S4M1) 3.42 3.57 3.00 3.71 3.42 3.42

T14 (S4M2) 3.85 4.00 3.14 3.14 3.00 3.42

T15 ( S4M3) 4.14 4.42 4.28 3.57 3.71 4.02

T16 (S4M4) 3.85 4.00 3.57 3.28 3.14 3.56

T17 (S5M1) 3.28 3.28 2.28 2.00 1.85 2.53

T18 (S5M2) 3.71 3.85 3.85 3.57 3.14 3.62

T19 (S5M3) 3.00 4.28 3.71 3.14 2.42 3.31

T20 (S5M4) 3.85 4.42 4.00 3.14 3.00 3.68

The fruits of different treatments were subjected to sensory evaluation and the effect of spacing and mulch interaction on 
firmness, skin colour, pulp colour, flavour and sweetness presented in Table 4.

Table 4. 
Effect of spacing and mulch interaction on sensory evaluation of Strawberry.
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