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ABSTRACT

BIOLOGICAL AND CHEMICAL CHARACTERIZATION OF
SHALGAM JUICE

Shalgam juice is a traditional fermented beverage, mostly produced and consumed in the
southern east parts of Turkey. The main ingredient of shalgam juice is black carrot which
is known for its high antioxidant capacity due to the presence of anthocyanins. Although
shalgam juice's composition is widely studied, further characterization is needed to
determine its potential health benefits. In this study, shalgam juice's chemical and
biological composition was characterized by determining its antioxidant capacity,
identifying its microflora with species-specific PCR based on 16S rDNA and checking its
anti-proliferative effects on Caco-2 cell lines using MTS assay in vitro. The antioxidant
capacities of 11 different commercially available shalgam juices were investigated using
DPPH, ABTS and FRAP assays and were found as 2.43-4.36 umol TE/mL in ABTS, 3.53-
5.96 pumol TE/mL in DPPH, 2.01-3.61 pmol TE/mL in FRAP assays. Comparison of the
species-specific PCR targeting 16S rDNA gene sequences results with data from NIH by
BLAST search program revealed twenty one Lactobacillus species and subspecies. Some
of the identified LAB was previously reported as probiotics suggesting that shalgam juice
may have probiotic potential in addition to its nutritional properties. The reconstituted
lyophilized powder of shalgam juice inhibited the growth of Caco-2 cells in a dose
dependent manner (50-6400 pg/mL) with 55.5-91.4% cell viability. In conclusion,
although this study provided detailed information about the antioxidant and anti-
proliferative effects and microbial composition of shalgam juice in vitro, the mechanism

behind health benefits of shalgam juice is still not clear and needs to be studied.



OZET

SALGAM SUYUNUN KiMYASAL VE BiYOLOJIiK
KARAKTERIZASYONU

Salgam suyu, c¢ogunlukla Tiirkiye'nin giiney dogu bdlgelerinde iiretilen ve tiiketilen
geleneksel fermente bir icecektir. Salgam suyunun ana malzemesi, yiiksek antioksidan
kapasitede antosiyaninlere sahip oldugu bilinen siyah havugtur. Salgam suyunun
kompozisyonu yaygin olarak bilinse de sagliga olan potansiyel yararlarinin
belirlenebilmesi i¢in daha genis bir karakterizasyona ihtiya¢ vardir. Bu ¢alismada, salgam
suyunun kimyasal ve biyolojik kompozisyonu antioksidan kapasitesi, 16S rRNA'ya
dayanan tiire 6zel PZR ile mikroflorasi ve in vitro sartlarda Caco-2 hiicre hatlar tizerindeki
antiproliferatif etkisine MTS analizi ile bakilarak karakterize edilmistir. On bir farkl ticari
salgam suyunun antioksidan kapasitesi DPPH, ABTS ve FRAP analizleri ile belirlenmis ve
ABTS analizinde 2.43-4.36 umol TE/mL, DPPH analizinde 3.53- 5.96 pmol TE/mL ve
FRAP analizinde 2.01-3.61 umol TE/mL olarak bulunmustur. 16S rDNA gen sekanslarini
hedef alan tire 06zel PZR sonuglarinin NIH'daki BLAST arama programiyla
karsilastiritlmas1 sonucunda yirmi bir Lactobacillus tirii ve alt tiirii tamimlanmustir.
Tanimlanan LAB'nin bazilarinin daha 6nce probiyotik olarak kabul edilmis olmasi, salgam
suyunun besleyici 6zelliklerinin yani sira probiyotik potansiyelinin de bulunabilecegini
diistindiirmektedir. Salgam suyunun liyofilize edilip tekrar ¢ozlilmiis tozu Caco-2
hiicrelerinin biiyiimesini doza bagli bir sekilde (50-6400 pg/mL) %55.5-91.4 oraninda
hiicre canliligiyla inhibe etmistir. Sonu¢ olarak, bu calisma salgam suyunun in vitro
antioksidan ve antiproliferatif etkileri ile mikrobiyal kompozisyonuna dair genis bir bilgi
saglamissa da, saglik iizerine olumlu etkilerinin arkasindaki mekanizma hala kesin degildir

ve belirlenmesi gerekmektedir.
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1. INTRODUCTION

Fermented fruit and vegetable juices are non-dairy fermented beverages produced
generally by lactic acid fermentation and their microbiological and chemical compositions
provide beneficial properties to them. The microbiological composition of lactic acid
fermented products consists of mostly lactic acid bacteria, which are considered to be
probiotics due to their beneficial health effects, such as antimicrobial, immunostimulatory
and anticarcinogenic properties. Chemical composition, most importantly phenolic
compounds of fruits and vegetables have also been found to be beneficial to health. Their
antioxidant capacities result in functional effects related with oxidative stress such as anti-
proliferative effects. Determination of the antioxidant capacities of fermented fruits and
vegetable juices, as well as identification of beneficial lactic acid bacteria (LAB) is

important in order to understand their health effects and functional properties.

Shalgam juice is a traditional fermented beverage, produced from black carrot and bulgur
dough especially in southern eastern parts of Turkey. The chemical and microbiological
composition of the product is affected by the production method as well as its ingredients.
The main ingredient, black carrot has beneficial effects on health beyond its nutritional
value due to its anthocyanins, which are bioactive compounds with antioxidant properties.
Lactic acid bacteria that are responsible for fermentation also confer some health benefits.
However the potential health effects of shalgam juice as a whole product is not widely
known. Therefore, the biological and chemical characterization of shalgam juice
composition need to be investigated to determine its functional properties such as
antioxidant and anti-proliferative effects.

The aim of this study was to characterize shalgam juice's chemical and biological
composition by determining its antioxidant capacity, identifying its microflora by way of a
molecular approach using species-specific PCR, and checking its anti-proliferative effects

on colorectal carcinoma (Caco-2) cell lines in vitro.



2. THEORETICAL BACKGROUND

2.1. FERMENTED BEVERAGES

Throughout centuries, fermentation has been used as one of the oldest methods for food
preservation and production. Fermentation is a metabolic process of the break-down of
carbohydrates and its derivatives to end-products such as organic acids, alcohol and carbon
dioxide by the help of microorganisms (bacteria, yeasts and mycelia fungi) and their
enzymes. Fermentation end-products provide fermented food and beverages their unique
characteristics such as flavor, aroma and texture, as well as benefits like preventing
spoilage or helping digestion [1].

More than 3,500 fermented foods and beverages are produced all over the world using
several raw materials, manufacturing techniques and microorganisms, and most of these
products are traditional products that are only produced in certain regions of the world
usually by small scale businesses (Table 2.1) [2]. Fermented beverages can be classified as
dairy or non-dairy fermented products [3]. Dairy fermented products are very common and
commercially available in the market (Table 2.1) [2, 4-7]. Different type of milks are
generally used as raw materials to produce fermented dairy beverages and produced with
lactic acid fermentation [3]. However, consumer demand for non-dairy fermented foods
are increasing in the western world due to an increase in vegetarianism and health
problems like lactose-intolerance or high cholesterol [3]. Non-dairy fermented beverages
are produced either from cereals and grains or from fruits and vegetables, with alcohol,
acetic acid or lactic acid fermentation [2, 3]. Alcohol fermentation is carried out by yeasts,
which convert carbohydrates to ethanol and CO,. Alcoholic beverages such as beers and
wines are produced by alcohol fermentation [8]. Acetic acid fermentation, which is carried
out by bacteria of the Acetobacter genus results in production of acetic acid from
carbohydrates and products such as vinegars and pickles [8]. Most of the non-alcoholic
fermented beverages from fruit, vegetables and cereals are produced by lactic acid
fermentation using Lactic Acid Bacteria (LAB). Lactic acid is the end-product of the

fermentation and gives a refreshing, desirable taste and flavor to non-alcoholic beverages

2].



Table 2.1. Some fermented beverages produced in different regions of the world

Fermented ] )
Product Raw material Region Reference
beverage
Airag Mare or camel milk Mongolia 4
Gariss Camel milk Sudan 5
Kefir Milk Eastern Europe 2
Kishk Sheep milk-wheat Middle East, Iran 4
. Koumiss Milk Turkey, Mongolia, Kazakhstan and Kyrgyzstan 2
Dairy beverages i . . .
Lassi Cow milk India, Nepal, Bhutan, Bangladesh, Pakistan 4
Mohi Cow milk Nepal, India, Bhutan India 4
Sethemi Milk South Africa 6
Shubat Camel milk China 7
Tarag Cow, yak, goat milk Mongolia 4
Beer Barley Global 8
Busaa Maize Nigeria, Gana 10
) Chikokivana Maize and millet Zimbabwe 10
Non-dairy
. Chongju Rice Korea 10
alcoholic i i
Kachasu Maize Zimbabwe 10
beverages
g Kaffir Malt of sorghum, maize South Africa 10
Kaffir beer Kaffir corn South Africa 10
Khaomak Rice Thailand 10




Table 2.2. Some fermented beverages produced in different regions of the world (continued)

Merissa Sorghum and millet Sudan 10
Mirin Rice, alcohol Japan 10
Otika Sorghum Nigeria 10
Pito Maize, sorghum Nigeria, Ghana 10
Sake Rice Japan 10
. Seketeh Maize Nigeria 10
Non-dairy
. Shaosinghjiu Rice China 10
alcoholic _ i
Sorghum beer Sorghum, rice South Africa 10
beverages - -
Takju Rice, wheat Korea 10
Talla Sorghum Ethiophia 10
Tapai pulut Rice Malaysia 10
Tapuy Rice Phillipines 10
Tesgiiino Maize Northern and North Western Mexico 10
Wines Grapes, fruits Global 9
Bagni Millet Caucasus 10
Wheat, rye, millet, maise and other ] ]
Boza . ] Albania, Turkey, Bulgaria 11
. cereals mixed with sugar
Non-dairy cereal i _
Braga Millet Romania 10
beverages . - - -
Busa Rice or millet Syria, Egypt, Turkistan 10
Bushera Sorghum or millet flour Uganda 8
Chicha Maize South America 8




Table 2.3. Some fermented beverages produced in different regions of the world (continued)

Darassum Millet Mongolia 10
Hulumur Millet Sudan 10
Mahewu Corn meal Africa, Arabian Gulf countries 8
Mangisi Millet Zimbabwe 9
Non-dairy cereal Mbege Malted millet acidic banana juice Tanzania 10
beverages Munkoyo Maize Africa 8
Pozol Maize South-eastern Mexico 8
Soybean milk Soybeans China, Japan 10
Tobwa Maize Zimbabwe 8
Togwa Maize flour and finger millet malt Tanzania 3
Hardaliye Grapes Turkey 22
. . Kombucha Green tea, black tea Asia 9
Non-dairy fruit
Kanji Black carrot India 23
and vegetable _
Shalgam juice Black carrot Turkey 24
beverages :
Other fermented fruit and Beet, cabbage, carrot, tomato,
o ) Global 14-21
vegetable juices pineapple, orange, cranberry




Non-dairy lactic acid fermented beverages are produced mostly in a traditional manner,
especially in eastern parts of the world such as in African, Asian and Middle Eastern
countries in small-scale industries or homes and villages and their properties are not widely
known (Table 2.1) [8]. These products are gaining more attention because of their possible
beneficial effects on health [3]. Cereals and grains or fruits and vegetables are generally
used to produce non-dairy lactic acid fermented beverages and fermentation is carried out

mostly by the natural microflora of the raw material [3].

Cereal based non-dairy lactic acid fermented beverages are produced generally from cereal
grains like rice, wheat, maize or sorghum [8-11]. Boza is one of the commercially available
cereal based fermented beverage made from wheat, rye, millet, maize and other cereals
mixed with sugar. It is produced and consumed mostly in Turkey, Albania, Romania and
Bulgaria [11]. Bushera is another traditional cereal based lactic acid fermented beverage,
produced from sorghum and is commonly consumed by children and adults in Western
highlands of Uganda [8]. Mahewu, a beverage consumed in Africa and some Arabian Gulf
countries is produced from lactic acid fermentation of corn meal and maize and preferred
mostly by adults [8]. Similar to mahewu, beverages such as pozol, munkoyo and tobwa are
also produced from maize. Pozol, which is consumed in Mexico, is made from cooked
maize and lime solution [8]. Munkoyo and tobwa are similar products to pozol, which are
produced in Africa and Zimbabwe [8]. Bagni, (Caucasia) braga (Romania), busa (Syria,
Egypt and Turkestan), darassum (Mongolia), hulumur (Sudan), mangisi (Zimbabwe) are
some of the other cereal based lactic acid fermented beverages, which are very similar to
each other. They are produced from millet in several parts of the world in a traditional
manner and knowledge about their composition and properties is very limited [10]. Chicha
is one of the widely consumed cereal based lactic acid fermented beverages of South
America and produced from maize. It has a unique fermentation process, in which saliva
serves as an amylase source [8]. Soybean is also used to produce non-dairy fermented

beverages such as soybean milk in China and Japan [10].

Fermented fruit and vegetable products are also gaining interest due to their bioactive
properties beyond nutritional properties [3, 12]. Beside their desirable taste and flavor, they
are also sources of ingredients such as vitamins, minerals, dietary fibers, phenolic

compounds with antioxidant properties and lactic acid bacteria with probiotic properties



and their consumption is increasing in many countries [13]. These lactic acid fermented
beverages are produced mostly with bacteria from their natural microflora from various
fruits such as pomegranates, cranberries, pineapples, oranges and vegetables such as beets,
cabbages, carrots, tomatoes [14-21]. Kombucha is one of the traditional plant based
beverages produced by lactic acid fermentation of green or black tea in Asian countries [9].
Hardaliye is another fermented fruit beverage produced from red grapes with mustard
seeds and consumed in Thrace region of Turkey [2]. Alcohol production by yeasts is
inhibited with the addition of benzoic acid and mustard seeds give the product its unique
taste and flavor [22]. Kanji is a lactic acid fermented vegetable juice, produced using black
carrot as raw material, with the addition of mustard in India [23]. A similar product to
kanji, shalgam juice, is also produced with black carrot, using sourdough in fermentation

process. It is a traditional beverage, mostly produced in southern east parts of Turkey [24].

Interest in fermented fruit and vegetable beverages is increasing due to their bioactive
properties and possible beneficial effects on some chronic diseases like cancer and
cardiovascular diseases which are mostly related with oxidative stress [13]. Beneficial
health effects and unique properties such as flavor and taste of fermented fruit and
vegetable juices are attributed to their microbial and chemical composition [3, 13].
Microbial composition of fermented fruit and vegetable juices mostly consist of LAB,
which are considered to be healthy due to their probiotic properties and metabolic end-
products such as organic acids produced during fermentation of juices [3]. On the other
hand, the chemical composition of juices are also of interest since fruit and vegetables are
the sources of phytochemicals such as phenolic compounds with antioxidant and other
bioactive properties [13]. Therefore, knowing the chemical and microbial properties of
fermented fruit and vegetable juices is important to understand the mechanism behind their

functional properties.

2.1.1. Microbial Composition of Fermented Fruit and Vegetable Juices

Fermentation of fruits and vegetables are mostly governed by lactic acid bacteria (LAB),
since they naturally host LAB in their flora (Table 2.2) [13-29]. LAB are a group of gram
positive, facultative anaerobic bacteria, which use hexoses in fermentation to produce

lactic acid as the main end-product [30]. Lactic acid gives fermented beverages their flavor



and aroma. Depending on their metabolism, LAB are divided into two groups;
homofermentative LAB and heterofermentative LAB [30]. Homofermentative lactic acid
bacteria, such as Pediococcus, Streptococcus, Lactococcus and some Lactobacillus species
produce lactic acid as the only end-product in fermentation of carbohydrates.
Heterofermentative LAB, like Weisella, Leuconostoc and most of the Lactobacillus species
in fermented vegetable juice production produces acetic acid, CO, and ethanol in addition
to lactic acid using a different pathway in fermentation [30]. LAB are also considered as
probiotics. Probiotics are viable microorganisms that are beneficial to health beyond their
nutritional value when consumed in sufficient quantities [31]. Lactic acid bacteria mostly
from the genuses Lactobacillus and Bifidobacterium are widely investigated as probiotic
microorganisms [32]. The potential benefits to human health include antimicrobial
activities [33], antihypertensive properties and reduction of LDL-cholesterol levels [34]
and anti-proliferative properties [35], however the mechanism behind these effects are
mostly unknown [36].

Since LAB in fermented fruit and vegetable juices can be autochthonous, meaning that
they can be found in the natural microflora of the raw materials, they cause spontaneous
fermentation. On the other hand, LAB can also be added into either raw vegetables or
mild-treated vegetables as starter cultures [21]. Lactobacillus plantarum, Lb. acidophilus,
Lb. delbrueckii, Lb. fermentum, Lb. brevis, and Lb. casei are the main lactic acid bacteria

found in fermented plant products (Table 2.2).



Table 2.4. Lactic acid bacteria found in fermented fruit and vegetable juices

Fermented ) o
Ingredients | LAB strains in product Reference
Product
Lb. acidophilus LA 39, NCDO1748 and Ch-5
Lb. casei A4
Beet juice Beet Lb.delbrueckii D7 and EOCK 0854 16-18
Lb. plantarum and £LOCK 0858
Brewer's yeast
Lb. casei A4
Cabbage 3
. Cabbage Lb. debrueckii D7 14
juice
Lb. plantarum C3
Lb. acidophilus NCDO1748
Brewer's yeast
o Lb. delbrueckii subsp. bulgaricus DSM 20 081 and
Carrot juice Carrot 13, 26, 27
ATCC 11 842
Lb. rhamnosus DSM 20 711
Lb. plantarum RSKK 1062
Orange, o Lb. salivarius ssp. salivarius UCC118L and UCC500
) range, . .
pineapple . Lb. paracasei ssp. paracasei NFBC43338
pineapple
and d Lb. rhamnosus GG 19
an
cranberry Lb. casei DN-114 001
o cranberry N . o .
juice Bifidobacterium animalis ssp. lactis Bb-12
Lb. acidophilus LA 39
Lb. casei A4
Lb.delbrueckii D7
Tomato Lb. plantarum
o Tomato o 15, 20, 21
juice W. cibaria/confusa
Lb. brevis
P. pentosaceus
E. faecium/faecalis
Lactobacillus acidophilus DSMZ 20079
Pomegranate L. plantarum DSMZ 20174
o Pomegranate 3 25
juice L. delbrueckii DSMZ 20006
L. paracasei DSMZ 15996)
Lb. plantarum 2142
Red beet
o Red beet Lb. curvatus 2770 28
juice

Lb. casei pseudoplantarum 2745
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Table 2.5. Lactic acid bacteria found in fermented fruit and vegetable juices (continued)

Lb. paracasei subsp. paracasei
Lb. casei subsp. pseudoplantarum
Grape and Lb. pontis

Hardaliye raw mustard | Lb. brevis 22
seeds Lb. acetotolerans
Lb. sanfransisco

Lb. vaccinostercus

Lb. plantarum
Lb. paracasei subsp. paracasei
Lb. brevis

Shalgam
Black carrot | Lb. fermentum 29

juice ) )
Leu. mesenteroides subsp. mesenteroides

Pediococcus pentosaceaceus

Lb. delbrueckii subsp. delbrueckii

Species such as Lb. acidophilus, Lb. plantarum are homofermentative LAB while most
other the species are heterofermentative [37]. Although lactic acid bacteria can be found in
the natural microflora of fruits and vegetables, some of the fermented products are
produced by the addition of these species as starter cultures because of their applicability to
fruit and vegetable juices which are ideal media for fermentation as well as their probiotic
properties [19]. Beets, like many other vegetables have an autochthonous microflora
consisting of lactic acid bacteria and yeast, however the small quantities of LAB are not
sufficient enough to ferment the product [17]. Therefore, LAB such as Lb. acidophilus, Lb.
casei, Lb.delbrueckii and Lb. plantarum strains are used as starter cultures to produce lactic
acid fermented beet juice [16-18]. Other vegetable and fruit juices such as carrot, cabbage,
pomegranate, cranberry and orange juices have also been fermented with these LAB
species and they were found suitable for production of fermented beverages [14, 26].
Similarly, LAB found in shalgam juice fermentation such as Lb. paracasei subsp.
paracasei, Lb. casei subsp. pseudoplantarum, Lb. pontis, Lb. brevis, Lb. acetotolerans, Lb.
sanfransisco, Lb. vaccinostercus, Lb. plantarum, Lb. fermentum, Leu. mesenteroides subsp.
mesenteroides, Pediococcus pentosaceaceus and Lb. delbrueckii subsp. delbrueckii
mostly come from the dough rather than black carrot [22, 29]. Lactic acid fermented

tomato juice has also been produced with LAB (Lb. plantarum, Lb. brevis, Enterococcus
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faecium/faecalis, W. cibaria/confusa, Pediococcus pentosaceus) isolated from the natural

microflora of tomatoes [21].

LAB species found in fermented fruit and vegetable juices have shown some health effects
in vivo and in vitro (Table 2.3) and are considered probiotics. Lb. casei and Lb. acidophilus
are commercially available probiotic bacteria, which were used in fermented beet, carrot,
cabbage and fruit juices as starter cultures [14, 17, 19]. They inhibited the growth of colon,
cervix, breast, brain, liver, bone and pancreas cancer cell lines (HT-29, HeLa, MCF-7, U-
87, HepG-2, U20s, PANC-1) 72-79% (Lb. acidophilus 606) and 80-85% (Lb. casei ATCC
393) in vitro [38]. These species also showed DPPH radical scavenging activity properties
by inhibiting DPPH 36.05-52.06% at 108 CFU/mL concentration [38]. They have also
shown antimicrobial effect on species Helicobacter pylori, Escherichia coli, Salmonella
typhimurium, Staphylococcus aureus and Clostridium perfringens, which cause
gastrointestinal infection [39]. Lb. plantarum is another species of LAB used as starter
culture in fermented vegetable juices such as fermented cabbage and tomato juices or can
be found in spontaneous vegetable beverage fermentations and is considered as a probiotic
[15, 16, 24]. Lb. plantarum 299v strain was found to have immune system stimulating
properties by down-regulating the expression of inflammatory cytokine, IL-8 in HT-29
colorectal carcinoma cell lines treated with TNF-a, a pro-inflammatory cytokine [40].
LDL-cholesterol and fibrinogen levels in blood were also reduced in subjects consuming a
drink containing 5 x 10'CFU/mL Lb. plantarum 299v for 6 weeks [41-43]. Lb. brevis,
which can either be found in natural fruit and vegetable juice fermentation or used as
starter culture in fermented vegetable juices, is not commercially available as a probiotic
strain. However it is proposed as a probiotic due to its beneficial health effects such as
immune system stimulation by increasing the expression of IFN-a in subjects consuming
Lb. brevis subsp. coagulans and antimicrobial properties against Bacillus cereus, Candida
albicans and E. coli [44, 45]. Strains of Lb. delbrueckii species, which are used as starter
cultures in fermented vegetable juices, has shown antibacterial activity against Salmonella
species, S. aureus and E. coli [46]. Another probiotic property of the members of this
species is 127-3152 Trolox Equivalent/10° cells in vitro antioxidant capacity against free
radicals in ORAC assay [47]. Lb. rhamnosus is another species found in vegetable

fermentations and has shown antigenotoxic effects by inhibiting the generation (93.4%) of
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4-Nitroquinoline-1-oxide, a genotoxic product, in vitro and antimicrobial properties against

E. coli, S. aureus, C. perfringens, C. albicans and Streptococcus mutans [48, 49].

Table 2.6. In vitro and in vivo beneficial health effects of some LAB found in fermented

fruit and vegetable juices

Lactic Acid o )
) Probiotic properties Reference
Bacteria
L Antimicrobial effect on E. coli, S. typhimurium, S. aureus, C.
) ' ) perfringens and H. pylori, antimutagenic and antioxidant 38-40
acidophilus ] )
properties, serum cholesterol lowering effects
Lb. casei Antitumor, immunostimulatory and antimicrobial activities 39

Cholesterol reducing, natural immune response improving
Lb. plantarum ) ) o o ) 41, 43
properties, protective effects against intestinal infection

Immune system stimulation, antagonistic effects towards

Lb. brevis potentially harmful microorganisms and adhesion properties to 44, 45
intestine

Lb. delbrueckii | Antimicrobial, antioxidant properties 46, 47

Lb. rhamnosus | Antimicrobial and anticarcinogenict properties 48, 49

Because of these beneficial health effects, the isolation and identification of new lactic acid
bacteria strains in natural complex microbial communities is important for their selection

as probiotics in food products [50, 51].

2.1.1.1. Identification of Microflora

LAB and their fermentation end-products give fermented food and beverages their unique
characteristics and probiotic properties. Therefore, identification and detection of LAB in
natural microflora is important for their applicability in food products and safety of the
product [50]. Identification of bacteria is traditionally dependent on cultivation and
phenotypic methods such as their morphology, growth at different temperatures,
fermentation of various carbohydrates. However, since these methods are dependent on
environmental conditions, they can be time consuming and have poor reproducibility [52].
On the other hand, molecular identification methods can provide more accurate and
reliable results on microbial diversity and composition [50]. The identification of

microorganisms with molecular methods is based on the comparison of the sequence of
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genes. These methods can be either fingerprinting methods or can be based on mostly 16S
ribosomal RNA analysis of the genome, since it has a manageable size (1.5kb) and a large
database of sequences [51, 52]. Fingerprinting methods, of which unique patterns of
bacterial species can be formed, or Polymerase Chain Reaction (PCR) based methods are
used for comparison [52]. Some of the most used methods for molecular identification of
LAB are pulsed-field gel electrophoresis (PFGE), randomly amplified polymorphic DNA
(RAPD), restriction fragment length polymorphism (RFLP), use of probes and ribotyping,
rep-PCR, amplification rDNA restriction analysis (ARDRA), denaturating gradient gel
electrophoresis (DGGE), temperature gradient gel electrophoresis (TGGE), real-time PCR
and sequence analysis of ribosomal DNA (rDNA) [52].

PFGE is a fingerprinting method, in which large DNA fragments are separated by
increasing pulse times in electrophoresis and fingerprint profiles and patterns of bacterial
species can be obtained. This method can be time consuming, however it is found to be
effective to separate a wide variety of LAB such as Lb. acidophilus complex, Lb. casei, Lb.
delbrueckii, Lb. fermentum, Lb. helveticus, Lb.plantarum, Lb. rhamnosus and Lb.sakei in
subspecies and strain level [52, 53]. RAPD is a method also based on the fingerprinting
analysis. DNA fragments are amplified with short sequenced primers randomly using PCR
and patterns created by DNA fragments are used in identification. Although it is used to
identify LAB in food products, low reproducibility is a major drawback for this
identification method [50]. In a study investigating the diversity of a fermented eggplant
product, RAPD-PCR, as well as PFGE was used and among 149 Lactobacillus species
including Lb. plantarum, Lb. brevis, Lb. pentosus and Lb. fermentum strains, 97-98% of
bacteria were identified with 86% or higher reproducibility with RAPD method [54]. In
RFLP (or chromosomal DNA restriction analysis), banding patterns are observed from the
DNA fragments cut with specific restriction enzymes and variations in banding patterns are
used to discriminate between LAB species. For more accurate results, the use of computer
aided analysis might be needed due to complex banding patterns [50]. In a previous study,
seven Lactococcus and 12 Lactobacillus species could be identified with single restriction
from wines [55]. One of the methods used for identifying LAB with fingerprinting is
ribotyping. Nucleic acid probes are used to create hybridization patterns of ribosomal
genes [52]. Fingerprinting patterns created with this method are more stable and easy to

interpret compared to RFLP method. In a previous study, which investigated the
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identification of Lb. johnsonii, Lb. casei, Lb. rhamnosus, Lb. acidophilus, Lb. plantarum,
and Lb. fermentum it was found that ribotyping was discriminatory at the species level
rather than at strain level [56]. ARDRA is another fingerprinting method, using DNA
sequences, amplified and then digested by restriction enzymes [57]. ARDRA is used to
identify LAB in musts and wines and the technique was found reliable enough to
discriminate 342 isolates. Species such as Lb. brevis, Lb. collinoides, Lb. coryniformis, Lb.
hilgardii, Lb. mali, Lb. paracasei, Leu. mesenteroides, Oenococcus oeni, P. parvulusand
and P. pentosaceus could be identified with this method [58]. Another considerably new
method used to create fingerprinting patterns for identification of LAB is repetitive PCR
(rep-PCR). Primers targeting various repetitive DNA elements are used in amplification
[59]. Lactobacillus species isolated from fermented dry sausages could be identified at
subspecies and strain level using this method, and species such as Lb. alimentarius, Lb.
curvatus, Lb. plantarum, Lb. sakei subsp. carnosus and sakei were first detected with this
method in sausages [59]. Although fingerprinting methods provide detailed information on
the microflora of fermented food products in subspecies level, they produce complex
banding patterns which are difficult to interpret and pure colonies are needed for

identification.

LAB in mixed bacterial population instead of isolates, can be identified using methods
such as DGGE and TGGE. These methods are based on the discrimination between 16S
rRNA genes of individual LAB in mixed populations by the differences in melting
temperature (TGGE) or the chemical stability (DGGE). The rRNA sequences are first
amplified with primers for wider regions and DGGE or TGGE is used to separate different
sequenced amplicons of the same length which differs according to species [52]. LAB
found in dairy products such as cheeses and fermented milks, could be identified using
TGGE in group, species and at the subspecies level [60]. Quantification of LAB in food
samples can be made using real-time PCR. Amplification of the target DNA can be
measured in real time by monitoring the florescence and was found to be more sensitive
than conventional PCR [52]. LAB species, Lb. casei, Lb. paracasei and Lb. rhamnosus
were identified using 16S rRNA primers and melting curve analysis of real-time
guantitative PCR and this method was suitable for rapid and accurate identification of
closely related species while providing information on the quantification [52, 61]. Another

approach to identify LAB species is amplification of DNA fragments of bacteria and
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sequence analysis [51]. Taxonomic information can be obtained from the DNA sequences
when compared with database, thus providing accurate information on identification [51,
62].

Species-specific PCR is one of the molecular methods dependent on 16S rDNA/rRNA
sequences. Primers designed specifically for a genus or species is used to amplify 16S
rDNA of the microorganism and used mostly to distinguish between close species [63].
This method can also be used as a culture-independent analysis in mixed populations like
food products, thereby having an advantage of analyzing the product as a whole [64].
According to the literature, species-specific PCR was found as one of the most suitable
methods for discrimination between closely related species such as, Lb. casei/Lb.
paracasei, Lb. rhamnosus, and Lb. zeae species of Lb casei group or Lb. plantarum group
species in vegetable matrices [65, 66]. LAB species such as, Lb. curvatus, Lb. plantarum,
P. acidilactici, Lb. lactis, and Enterococcus faecium have been identified with species-
specific PCR in fermented sausages which has a complex microbial composition and it
reduced identification time while increasing the number of identified species from the food
product [67]. This method was also used for accurate identification of LAB of
Bifidobacteria species and was found as highly sensitive [68]. However, this method
cannot detect the LAB which are not the target of the primers, therefore selection of
species-specific primers is important to identify LAB in complex microbial environments
like food [68].

2.1.2. Chemical Composition of Fermented Fruit and Vegetable Juices

All fruits and vegetable juices have components which are nutritional such as
carbohydrates, fats, dietary fibers, vitamins, minerals and proteins, however
phytochemicals contributed greatly to their antioxidant properties and possible beneficial
effects related to oxidative stress [13, 69]. Phytochemicals are secondary metabolites of
plants and protective bioactive compounds [69]. Among bioactive compounds, phenolic
compounds are widely known for their antioxidant effects and considered as beneficial
[13].
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2.1.2.1. Phenolic compounds

Phenolic compounds are plant secondary metabolites responsible for defense against
pathogens or ultraviolet radiation in plants, and the interest in phenolics are increasing with
the understanding of their antioxidant and bioactive properties on diseases related with

oxidative stress, such as cancer, cardiovascular and neurodegenerative diseases [70, 71].

More than 8,000 molecules are identified as phenolic compounds in the plant kingdom,
which are found in most of the fruits and vegetables such as berries, nuts, tomatoes,
cereals, teas or their beverages such as juices and wines. They can be classified into several
different groups based on their structural differences however all have a common phenol
(C6) ring (Figure 2.1). The number and arrangement of the carbon atoms determine the
class of the phenolics and these molecules are often conjugated with sugar and organic acid

residues, forming more complex structures [72, 73].

-

Figure 2.1. General structure of a simple phenol ring [72]

Phenolic compounds can be divided into classes and subclasses according to their
structures and the phenol ring number they contain (Figure 2.2) [73]. Flavonoids represent
the most common group of phenolics and they have a relatively low weight [72]. Their
structure consists of two aromatic rings linked through three carbons that usually form an
oxygenated heterocycle (Figure 2.3) [72]. The major subclasses of flavonoids are

flavonols, flavones, flavan-3-ols, isoflavones, flavanones and anthocyanidins [70-72].
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Phenolic acids

Acetophenons

Phenylacetic acid

Hydroxicinnamic acids

Phenolics Coumarins
Xhantones Flavonols
Naphthoquinones Flavones
H <
Stilbenes
- Flavan-3-ols
Flavonoids
Isoflavones
Flavanones
Anthocyanidins

Figure 2.2. Phenolic classes according to their structure and phenol ring number [73]

Figure 2.3. Flavonoid structure [73]

Most of the fruits and vegetables used in the production of lactic acid fermented beverages
such as tomatoes, teas, pomegranates and black carrots are also rich in flavonoids.
Tomatoes contain flavanones, which are mostly found in glycosylated forms in nature [70].
Flavonoids found in high concentration in green teas are flavanols. They can exist in two
forms; monomer (catechins) and polymer (proanthocyanidin) forms [70]. Anthocyanidins
can be found as glycosides and acylglycosides in red-blue colored fruits and vegetables,
such as berries, grapes, black carrots and pomegranates. They are the most recognized

group under flavonoids and are discussed further in the following sections [70, 74].
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2.1.2.2. Anthocyanins

Fruits and vegetables such as cranberries, grapes and red cabbages, which are used to
produce fermented juices, are also rich in anthocyanins which confer some health benefits.
Anthocyanins, a class of phenolic compounds that are glycosides and acylglycosides of
anthocyanidins are responsible for blue, purple and red colors of fruits and vegetables [75,
76]. All naturally occuring anthocyanins of fruits and vegetables are O-glycosylated forms
of anthocyanidins. When the sugar substitute number is higher than three they can be
attached to basic molecules such as coumaric, caffeic, ferulic, p-hydroxy benzoic, synapic,
malonic, acetic, succinic, oxalic, and malic acids with acyl linkages [77]. Most common
anthocyanidins are delphinidin, cyanidin, pelargonidin, malvidin, peonidin and petunidin
(Figure 2.4) [73, 78].

Aglycone R! R2
Delphinidin OH OH
Cyanidin OCH; H

Pelargonidin OH H
Malvidin H H
Peonidin OCH; H
Petunidin OCH; OCH

Figure 2.4. Chemical structure of anthocyanidins [78]

Anthocyanins are more resistant to light, low pH and oxidation conditions in acylated and
glycosylated forms. Their degradation is also prevented by esterification with various
organic acids and formation of complexes with other flavonoids [71]. Anthocyanins can be
found and consumed daily in red colored vegetables and fruits in different amounts (Table
2.4) [71, 79]. Anthocyanins found in red cabbages, blackberries and sweet potatoes, which
are used in fermented fruit juice production, are mostly cyanidin-based anthocyanins.
Cyanidin-based anthocyanins are substituted with sugars such as glucose, xylose, galactose

and sophorose and most of these anthocyanins are found in acylated forms [80].



Table 2.7. Some major anthocyanin sources and their anthocyanin amounts

Anthocyanin Source Anthocyanin Content Reference
Aubergine 7500 mg/kg 71
Blackberry 1000-4000 mg/kg 71

Black currant 1300-4000 mg/kg 71
Blueberry 250-5000 mg/kg 71
Black grape 300-7500 mg/kg 71
Cherry 350-4500 mg/kg 71
Rhubarb 2000 mg/kg 71
Strawberry 150-750 mg/kg 71
Red wine 200-350 mg/L 71
Plum 20-250 mg/kg 71
Red cabbage 250 mg/kg 71
Black Carrot 10-980 mg/kg 79

Anthocyanins of fruit and vegetables such as cranberries, red cabbages and pomegranates
used to produce fermented beverages have been found to have functional properties and
are thought be beneficial to health when consumed as a part of the diet due to their
bioactive properties. These possible effects on health as anticarcinogenic, antiatherogenic,
antiviral, and antiinflammatory substances are based mostly on their antioxidant capacities
[81]. In vitro studies have demonstrated that cranberry anthocyanins can reduce cancer cell
proliferation at 25-200 pug/mL concentration in human oral (KB, CAL-27) breast (MCF-7),
colon (HT-29, HCT116), and prostate (LNCaP) tumor cell lines and inhibit tumor
formation via effects on cell cycle regulator proteins (p53, p21, p27, cyclin D1, cyclin A,
etc.) [78, 81-84]. They had also inhibited TNF-a, IL-1, IL-6, IL-8 production in activated
macrophages and acted as modulators of the immune response in vitro [85, 86]. Studies on
bioactivity of anthocyanins had demonstrated that consumption of anthocyanins has
positive effects on cardiovascular health by decreasing LDL-cholesterol levels in blood
and enhancing capillary permeability and strength [87]. Similarly, red cabbage
anthocyanins also reduced colorectal carcinoma initiated by 1,2-dimethylhydrazine in rats
and these properties are mostly related with their antioxidant capacities [88].

The most important feature of anthocyanins like most of the phenolic compounds is their

antioxidant properties [76]. Metabolic reactions in humans lead the body to produce free
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radicals called Reactive Oxygen Species (ROS). ROS are atoms or molecules with an
unpaired electron on their orbital which change the chemical structures of surrounding
molecules while pairing their electrons. Excessive production of ROS causes damage and
dysfunction of enzymes, cell membranes and genetic material by free radical attack to
proteins, lipids, and DNA [89]. Diseases such as cancers, cardiovascular diseases or
osteoporosis are often associated with oxidative damage [70]. Antioxidants reduce the
oxidative stress either by interrupting the propagation of the free radical chain or by
binding ions involved in free radical formation and this can be measured by several
methods such as DPPH, ABTS and FRAP methods [31].

2.1.2.3. Determination of Antioxidant Properties of Anthocyanins

The antioxidant capacities, health promoting effects and preventive effects on diseases like
cancer and cardiovascular diseases of anthocaynins are reported in many studies [80, 90].
The antioxidant potency of anthocyanins and other phenolics is widely studied with
different methods in vitro using their ability to reduce different oxidants [91]. Several
antioxidant methods are used to determine the antioxidant capacity according to
antioxidants’ response to free radicals in vitro, however a standardized antioxidant capacity
determination method for food products is not available due to their complex structure and
different antioxidant mechanisms [91]. In vitro antioxidant methods are either Hydrogen
Atom Transfer (HAT) based or Single Electron Transfer (SET) based assays [91, 92].

HAT-based methods measure the antioxidant’s ability to donate hydrogen atoms to free
radicals. They are relatively faster than SET based methods and more independent from
solvent and pH effects [91]. They are based on the competitive reaction kinetics and
methods such as Oxygen Radical Capacity (ORAC), Total Radical Trapping Parameter
(TRAP) and B-carotene bleaching assays use this mechanism to measure the antioxidant
capacity. ORAC (Oxygen Radical Absorbance Capacity) method, measures the inhibition
of peroxyl radicals such as 2,2'-azobis (2-amidinopropane) dihydrochloride (AAPH) by
antioxidants. A hydrogen atom is transferred to free radical from antioxidant and the
antioxidant capacity is measured spectrophotometrically from fluoresence product
produced by reaction of peroxyl radicals with probes [93]. Cyanidin-based anthocyanins
from various sources such as blackberries, black carrots, red cabbages and sweet potatoes

were investigated for their oxygen radical absorbing capacities (ORAC) and the
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antioxidant capacity was found to be highly related to the anthocyanin concentration of the

source [80].

SET-based methods measure antioxidant’s ability to transfer one electron to free radical
compounds. They are based on the percent decrease of free radical rather than kinetics,
therefore are slower than HAT based methods. Methods such as Ferric Reducing
Antioxidant Power (FRAP), Copper Reduction Assay (CUPRAC), ABTS/TEAC (2,2’-
azonobis(3-etilbenzothiazoline-6-sulfonat) and DPPH (2,2-diphenyl-1-picrylhydrazyl)
assays are used to determine the antioxidant capacity [91, 94-96]. The expression of
antioxidant capacities in SET based methods is also not standardized and several methods
are used to calculate and express the antioxidant capacity. One of the most common
methods is wusing reference substances such as Trolox (6-hydroxy-2,5,7,8-tet-
ramethychroman-2-carboxylic acid), a water soluble vitamin E derivative, gallic acid and
catechin [70]. Another way to express antioxidant capacity is using ECsp, mostly in DPPH

assays. ECsy is the initial concentration to decrease 50% of the free radical [92].

Among SET based methods, FRAP method measures the reduction of ferric salt Fe
(IN)(TPTZ),Cl3 to Fe (I1)(TPTZ),Cl; by antioxidants at acidic pH at 593 nm, which is the
maximum absorbance wavelength [96] (Figure 2.5). Antioxidant capacities of fruit juices
such as orange, apple, pineapple and grapefruit juices were determined with FRAP method
and were found to be closely related to their total phenolic contents [97]. It is also reported
that fruits containing anthocyanins such as berries, cherries and pomegranates has shown
higher antioxidant capacity than other sources of plant phenolics such cereals and
vegetables [97-100].
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Figure 2.5. Reduction of ferric salt in the presence of an antioxidant [91]

ABTS (2,2"-Azino-bis (3-ethylbenzothiazoline-6-sulfonic acid)) radical scavenging activity
assay, which is also named as TEAC assay, is based on the measurement of reduction of
previously formed blue colored radical ABTS«" (free radical form). ABTS«" is produced
prior to reaction with antioxidant from ABTS with addition of potassium persulfate [94]
(Figure 2.6). Among fruit beverages such as pomegranate, grape, orange and cranberry
juices, anthocyanin rich beverages such as cranberry and pomegranate juices have shown

higher antioxidant capacity than other juices in ABTS assay [99].
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Figure 2.6. Formation of ABTS™" radical in the presence of potassium persulfate [92]

DPPH (2,2-Diphenyl-1-picrylhydrazyl) method for antioxidant analysis measures
antioxidants' ability to reduce DPPHe, thus the color change at 515 nm (Figure 2.7). The
DPPH Radical Scavenging Activity assay was originally developed by Brand-Williams,
Cuvelier, & Berset [95] and adapted to 96-well microplates by Fukumoto & Mazza [101].
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Reduction of DPPHe radical in presence of antioxidants to DPPH-H is measured
spectrophotometrically at 515 nm. Flavonoid rich extracts of fruits such as cranberries, has

shown the highest activity among extracts of whole fruits and the ECsy value of these
extracts varied from 17.3 to 34.6 uM in DPPH assay [83].
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Figure 2.7. Reduction of DPPH- free radical to DPPH in the presence of an antioxidant
[92]

Other than antioxidant capacity assays, total phenolic contents of anthocyanin rich
products are determined, which are related to their antioxidant capacities. Folin-Ciocalteu
reagent based assay is used widely for phenolic content determination and is similar to
SET-based antioxidant methods [92]. The blue color formed when electrons were
transferred from phenolic compounds to phosphomolybdic/phosphotungstic acid
complexes in the F-C reagent in alkaline environment is measured at 760 nm, however the

exact chemical nature of F-C reagent is unkown [102].
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2.2. SHALGAM JUICE

Shalgam juice, a dark red colored, cloudy and sour fermented beverage, has been a popular
drink in western parts of Turkey, as well as in southern eastern region of Turkey, where it
iIs mostly produced and consumed [24, 29, 103]. Shalgam juice is defined by Turkish
Standards Institution (TSE) in TS 11149 standard as “The product produced by lactic acid
fermentation of turnip (Brassica rapa), black carrot (Daucus carota), chilli powder and
extract obtained from the lactic acid fermentation of bulgur flour, sourdough, drinking
water and salt, which can be heat treated for preservation, if desired” [104]. Black carrot,
bulgur flour, dough, salt and water are the main ingredients of shalgam juice [24, 29, 103].
Turnip is a minor ingredient and used only if available but the use of it gives positive
sensory characteristics [24, 103]. The dark color of the beverage originates from black
carrot anthocyanins and its sour taste originates from lactic acid which is produced by

fermentation with lactic acid bacteria [24, 29].

2.2.1. Ingredients of Shalgam Juice

2.2.1.1. Black Carrots: Anthocyanins, Antioxidant Capacity and Health Effects

Carrot (Daucus carota L.), the main ingredient of shalgam juice, has been cultivated for
thousands of years and used as a food source for human nutrition [24]. Carrot cultivars are
botanically classified into two groups; Carotene group: the orange colored group grown
worldwide and Anthocyanin group: dark purple-black colored group, grown in eastern
countries like Turkey, Afghanistan, Egypt and India [79, 105]. Black carrot is cultivated in
several parts of Turkey, mostly in the middle part of Anatolia, in Eregli (Konya) [106]. The
amount of black carrot used in the production of shalgam juice has a determining effect on
acidity and the color of the beverage. As seen from Table 2.5., the chemical composition of
black carrot mainly consists of sugar, protein, and minerals such as calcium and sodium. It
has a high amount of (142-425 g/kg) sugar [105] with sucrose as the predominant sugar,
followed by fructose and glucose [79, 107]. However, the amount and the ratio of sugars
change according to cultivation and storage conditions [107]. 10-20% (w/w) black carrot is

necessary for shalgam juice production during fermentation [103].
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The solid content, protein, and mineral content of black carrot also depends on the region
and cultivation conditions [106] (Table 2.5.)

Table 2.8. Chemical composition of black carrot [79, 105-107]

Amount (g/kg)

Sugar (Total) 142.0-397.0
Sucrose 41.1-381
Fructose 5.8-101

Glucose 6.9-131

Total solid content 142.3-159.6
Protein 7.0-13.8
Calcium 0.48-0.65
Sodium 0.3-0.45

Unlike orange colored cultivars, black carrots contain anthocyanins. Total anthocyanin
amounts in black carrots were found between 17.4 and 45.4 g/kg dry matter and most of
these anthocyanins were found in acylated forms with the proportion of 55% to 99% of
total anthocyanins [79]. Five major anthocyanins were identified in black carrots. Two of
them are non-acylated anthocyanins; cyanidin 3-xylosylglucosylgalactoside (cya 3-
xylglcgal) and cyanidin 3-xylosylgalactoside (cya 3-xylgal). Three of them are derivatives
of cya 3-xylglcgal, which are acylated with sinapic acid (cyanidin 3-
sinapoylxylosylglucosylgalactoside), ferulic acid (cyanidin 3-
feruloylxylosylglucosylgalactoside) and p-coumaric acid (cyanidin 3-p-
coumaroylxylosylglucosylgalactoside) [79, 108, 109] (Figures 2.8&9). The acylated
anthocyanins in black carrots have enhanced stability against heat and light and thus
extended shelf-life compared to non-acylated anthocyanins [110]. The reason is explained
by the protection of acylated anthocyanins from hydrophilic attack by their acyl moieties
[111].
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Figure 2.8. Anthocyanin profile of black carrot extracts are determined by High
Performance Liquid Chromatography (HPLC) at 520 nm using a G1315A diode array
detector. Peak assignment: (1) cyanidin 3-xylosylglucosylgalactoside (cya 3-xylglcgal), (2)
caffeic acid derivative of cya 3-xyl-glcgal, (3) cya 3-xylgal, (4) p-hydroxybenzoic acid
derivative of cya 3-xylglcgal, (5) sinapic acid derivative of cya 3-xylglcgal, (6) ferulic acid

derivative of cya 3-xylglcgal, (7) p -coumaric acid derivative of cya 3-xylglcgal [79]

The stability of black carrot anthocyanins are also dependent on environmental factors
such as temperature, solid content and pH [112]. Anthocyanins of black carrots were
degraded with heat and degradation rate increased with increasing solid content of the
carrot. Since stability of acylated anthocyanins increased in lower pH, black carrot
anthocyanins which are mostly acylated with sinapic, ferulic and p-coumaric acid were
found more stable in low pH [112].
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Figure 2.9. Black carrot anthocyanins

The anthocyanins of black carrot have shown strong antioxidant capacities in numerous in
vitro studies [81]. Black carrots were high antioxidant capacity containing group among
Asian vegetables, when compared the antioxidant capacities of ethanol extracts with
vegetables such as ginger (71.8%) and tomato (70.8%) [113]. The antioxidant capacity of
ethanol and water extracts of black carrot were examined by [-carotene bleaching method

and found as 73.0% and 61.8% antioxidant capacity, respectively [113].

The antioxidant capacity of black carrots is affected by processing and extraction methods
[114-116]. Antioxidant capacity of black carrot extracts were determined using DPPH
method after drying with different (microwave and hot air drying) methods [114]. While
ECso was found as 30.23 mg sample/mg DPPH in raw black carrot samples, it was 7.80 to
61.44 mg sample/mg DPPH in dried samples, which was explained by higher anthocyanin
content in dried samples or blanching process used in raw black carrot samples. The
antioxidant capacity of enzyme treated black carrot juice was also determined with FRAP
and CUPRAC methods and the enzyme treated juice was found to have 30% greater
antioxidant capacity than straight pressed one since recovery of anthocyanins are higher in
enzyme-assisted extraction [115]. In another study, the effect of different lipophilic and

hydrophilic extraction methods on the antioxidant capacity of different colored freeze dried
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carrots were examined by ABTS and DPPH methods [116]. It was found that purple/black
carrots have the highest antioxidant capacity in hydrophilic extracts among other varieties
when compared with lipophilic extracts. The antioxidant capacity of hydrophilic extracts
was 0.28 and 0.13 pmol TE/mg, in ABTS and DPPH assays, respectively [116].

The potential beneficial effect of black carrots on human cells regarding its antioxidant
capacities has also been studied. In one of the studies, anthocyanin-rich extracts of black
carrot concentrates have shown significant inhibition on the growth of HT-29 (colorectal
adenocarcinoma) and HL-60 (promyelocytic leukemia) cells in a dose-dependent manner
in vitro [117]. Acylated and non-acylated anthocyanins in extracts inhibited proliferation in
both of the cancer cell lines and 80% suppression was observed at the highest

concentration (2.0 mg/mL).

In another study, the bioavailability of black carrots was studied in healthy volunteers in
vivo [118]. The bioavailability of black carrot anthocyanins in human body was determined
by checking the anthocyanin concentration in plasma. The anthocyanins were detected in
the first 8 hours and were related with the consumed concentration but the non-acylated
anthocyanin concentration in blood was higher than acylated anthocyanins [118].

2.2.1.2. Bulgur Flour and Dough

Bulgur flour is another ingredient used in shalgam juice production. It is a special kind of
flour obtained from boiled and ground wheat [24]. In bulgur flour the total sugar amount
varies between 2.23 to 3.30 g/100g and starch amount varies between 4.45 to 5.84 g/100g
(Table 2.6). Bulgur flour is the nutrient and carbon source of microorganisms that play a
role in shalgam juice fermentation [24]. In lab-scale production, bulgur flour is fermented
with sourdough (baker’s yeast dough) before it is used by adding water [24].

On the other hand, in the commercial production of shalgam juice, the use of sourdough is
not always necessary [119]. Generally, bulgur flour is fermented with the addition of water
and incubated at 30-34°C for 3 days without the presence of sourdough.
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Table 2.9. Chemical composition of bulgur flour [103]

Amount (g/100g)
Total sugar 2.23-3.30
Starch 4.45-5.84
Protein 12.4-17.6
Ash 2.32-3.59
Iron 0.58-0.8
Potassium 26.9-455
Calcium 13.95-15.98
Sodium 298 -4.74

2.2.1.3. Other Ingredients

Other ingredients used in shalgam juice production are salt, drinking water and if available
turnip. Some commercial shalgam juice producers uses turnip in production [24] which
contains glucose (14.1 g/kg), fructose (11.0 g/kg), and sucrose (2.06 g/kg) [24, 120]. Salt
used in shalgam juice production is rock salt. To control microbial growth and
fermentation flora, 1-2% of salt is added to containers. Growth of pathogen
microorganisms is inhibited by salt, while LAB growth is induced since Lactobacillus spp.
are resistant to high concentration of salt in fermented products [30, 121]. Also, to control
the spoilage and growth of yeasts and molds, sodium benzoate, a sodium salt of benzoic
acid is used as chemical preservative in 0.02% (w/w) concentration and added at the end of
the fermentation [122, 123]. Use of sodium benzoate in shalgam juice is regulated by
Turkish Food Codex and maximum dosage is determined as 0.02% [123]. FDA is also

determined the maximum dosage of sodium benzoate in food products as 0.1% [124].

2.2.2. Shalgam Juice Production

For shalgam juice production, a standard method is not available for commercial and
home-scale production [24, 103]. The fermentation is spontaneous however addition of a
starter culture for fermentation is also used in controlled lab-scale production but not
preferred in commercial production since shalgam juice fermentation cultures are not
commercially available [24, 106, 125]. Addition of 15% (w/w) shalgam juice from

previous production is also a known technique [24, 103, 106].
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The production of shalgam juice is based on the lactic acid fermentation and carried out by
homo and heterofermentative lactic acid bacteria [29]. At the end of the fermentation,
lactic acid is produced as a primary metabolite, pH of the carrot juice drops to 3.3-3.8 and
this gives shalgam juice a sour taste. Ethyl alcohol, acetic acid, and carbon dioxide (CO)
is also produced as secondary metabolites.

In shalgam juice production, two main production methods are used which are called
"Traditional Production” and "Direct Production”. Traditional production consists of two
stages of fermentation and direct production consists of single stage fermentation by
mixing all ingredients. Both of the methods are used in commercial, small-scale and lab-
scale production, although most of the commercially available products are produced with
traditional production [24, 106, 122].

The steps of the two-stage fermentation process, which is also called traditional
production, are fermentation of dough (first fermentation) and fermentation of carrot
(second fermentation) [24]. The first fermentation step is important for enrichment of LAB
and yeasts. Bulgur flour, sourdough and water are mixed and left for fermentation for 3-5
days at room temperature or at 30-34 °C. During first fermentation the acid content of
mixture increases and pH drops due to LAB activity. The bulgur dough extracts from first
fermentation are combined in tanks or containers with chopped black carrots (10-20%,
wiw), salt (1-2%, w/w), water and if available but not necessarily turnips (1-2%, w/w) for
second fermentation [24, 103]. After 3-10 or 30-35 day fermentation at 10-35°C a red
colored, sour beverage is obtained. Sodium benzoate, the chemical preservative is added

after fermentation and shalgam juice is filtered before packaging (Figure 2.10).

In single stage production (direct method), all ingredients without a primary fermentation
are mixed. Chopped black carrots, bulgur flour, salt and water are mixed and left for
fermentation for 3-10 days at 10-35°C. After fermentation, sodium benzoate is added,
beverage in tanks are filtered and bottled [24] (Figure 2.10).
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Figure 2.10. Shalgam juice production by two-stage (traditional) and single-stage (direct)

production methods

2.2.3. Composition of Shalgam Juice

2.2.3.1. Chemical Composition of Shalgam Juice

The chemical composition of commercially available shalgam juices or juices produced in
lab-scale using direct and traditional techniques, with the addition of starter cultures or
other ingredients such as red beets, turnips are given in Table 2.7 with the standards for
commercial shalgam juice established by Turkish Standards Institution [103, 104, 106,
122, 126-129].



Table 2.10. Chemical composition of different shalgam juices

.. Turkish
Ozler, 1995 Tangiiler, Giines, 2008 | Utus, 2008 Canbas, Deryaoglu, Avrici, 2004 Oztiirk, Cakir, 2011 Tangiiler, Standard
andards
[109]? 2010 [93]° [127T [128]° 1984 [91] 1990 [110] [111] 2009 [112] [113] 2012 [126] [106]
Lab-scale produced shalgam juice Commercial shalgam juic
Total acidity as lactic
. 5.2-8.9 6.36-9.27 4.95-7.45 7.15-7.75 3.9-10.7 6.64-9.91 1.06-7.18 3.92-10.85 6.3-12.6 6.24-7.25 >6.0
acid (g/L)
Lactic acid (g/L)
- 5.50-8.17 - 5.6-6.3 - 5.18-8.44 0.57-3.63 2.61-8.75 - 2.66-4.74 45-55
Volatile acidity as
o 0.3-0.7 0.76-1.06 0.69-0.80 0.76-0.94 - 0.6-1.2 - 0.75-1.80 0.52-3 - 0.7-1.2
acetic acid (g/L)
H
P 3.34-3.77 3.43-3.56 3.39-3.49 3.45-3.53 3.35-3.85 3.33-3.67 3.16-3.60 3.26-3.86 3.31-4.13 3.28-3.48 3.3-38
Alcohol as ethyl alcohol
L) 0.5-4.0 4.21-5.90 3.29-4.12 3.0-3.72 - 1.32-7.30 <5 0.19-4.76 - 0.79-5.03 -
g
Soluble solids (%)
1.69-3.02 2.48-3.15 2.03-2.67 2.26-2.38 2.20-3.0 2.29-2.92 - 2.07-3.19 2.5-4 - >2.5
(wiw)
NaCl (%) (w/w)
0.82-1.77 0.95-1.15 1.16-1.20 1.2-1.35 1.17-2.05 1.38-1.98 - 1.12-1.78 1.17-2.57 - <2.0
Protein (g/L)
0.38-1.82 1.85-2.65 - - - 0.88-1.83 - - - - -
Ash (%) (w/w)
0.85-2.23 1.17-1.46 1.27-1.52 1.41-1.62 - 1.46-2.07 - 1.12-2.07 1.32-1.97 - <2
Total carbohydrate
0.1-0.6 0.5-0.8 0.26-0.29 0.09-0.2 - 0 - - - - -

(g/L)

a. Shalgam juice produced with the addition of ingredients such as red beet and turnip, b. Shalgam juice produced with starter cultures, ¢. Shalgam juice produced with various amounts of black carrot, d.

Shalgam juice produced with various sizes of black carrot
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Shalgam juice is a lactic acid fermented beverage, therefore lactic acid is produced by
microorganisms as the major end-product of fermentation and total acidity of shalgam
juice is expressed as lactic acid. In commercially available shalgam juices, total acidity
was found between 1.06-12.6 g/L, which must be above 6.0 g/L in commercial products,
according to Turkish Standards Institution [103, 104, 122, 128-130]. It was suggested that
the difference between the total acidity values of shalgam juices obtained from various
manufacturers was not dependent on the production time [103]. Total acidity of shalgam
juice was found to be affected also by different formulations. The effect of the amount and
the surface area (size) of the black carrot, the main ingredient of shalgam juice, on the
chemical composition was investigated in controlled production studies. It was found that
the higher amounts (10-20%, w/w) of black carrot increased the acidity [131]. However,
the change in the acidity of shalgam juice produced with various sizes of black carrot (3-9
cm) was not significant [132]. The acidity was also not affected by the use of bulgur,
instead of bulgur flour and pure yeast culture instead of sourdough [103]. On the other
hand, addition of starter cultures such as Lb. plantarum species increased the acidity of
shalgam juice while ingredients such as red beet and turnip decreased the acidity [126]. It
was also suggested that products with these additional ingredients have very dissimilar

organoleptic properties than traditional product and are not preferred [126, 133]

Lactic acid is the dominant acid in the product and was found between 0.57-8.75 g/L in
commercial shalgam juices [122, 127, 128, 130]. It was also found to be increased by the
addition of starter culture, Lb. plantarum and the surface area of black carrots used in

fermentation in lab-scale production studies [106, 132].

Volatile acids are produced by LAB during fermentation and acetic acid was found as the
dominant volatile acid in shalgam juice production. Therefore volatile acidity of shalgam
juice was expressed as acetic acid and found in the range of 0.6 and 3 g/L in commercial
products [122, 127, 129]. However it is observed that unlike total acidity, the change in the
volatile acid amount in shalgam juices produced with the addition of various sizes (3-9 cm)
and amounts (10-20%, w/w) of black carrots, starter cultures and ingredients such as red
beets and turnips, was insignificant and found between 0.3-1.60 g/L [106, 126, 131, 132].
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pH of the commercial shalgam juices was found between 3.16 and 4.13 [103, 122, 127-
130]. The pH of shalgam juice produced in controlled studies in lab scale (3.34-3.77) was
also found to be affected by the amount of black carrot used in production and use of

starter cultures and but not by the surface area of the carrot [105, 130, 131].

Shalgam juice fermentation is carried out by both homofermentative and
heterofermentative LAB and ethyl alcohol is produced as an end-product of fermentation
in low amounts (0.19-7.30 g/L) in commercial products [122, 127-130]. It was also found
as 0.5-5.90 in controlled production studies and increased with the use of starter cultures
and higher amounts of black carrots used in production [106, 126, 131, 132].

Soluble solid content of shalgam juice consists of organic acids, salt, protein and minerals
and was found between 2.07 and 4.00% (w/w) in commercial products [103, 122, 127,
129]. Soluble solid content in controlled production studies (1.69-3.15%) has increased
with the amount of black carrot but was not affected by the surface area of the carrot used
in production [126, 131, 132]. Addition of starter cultures has also affected total solid
content [106]. Sixty four per cent of solid content is salt which is added during
fermentation to control the microflora in the concentration of 2% (w/w). It was found in
the commercially available shalgam juices in the range of 1.12-2.57% and between 0.82
and 1.77% in lab-scale produced shalgam juices [103, 106, 122, 126-129, 131, 132].

The sugars in shalgam juice are in very low amounts because they are used in fermentation
as carbon sources of lactic acid bacteria and are not specified in standard [24, 104]. Total
carbohydrate amount of shalgam juices produced in controlled studies was found between
0.09 and 0.8 g/L and the amount or the size of black carrot used in fermentation, addition
of ingredients such as turnips and red beets, and starter cultures had no effect on the sugar
amount of shalgam juice [106, 126, 131, 132]. Proteins of shalgam juice were also not
specified in standard and determined in low amounts (0.38-2.65 g/L) in commercially
available and lab-scale produced shalgam juice [106, 126, 127]. Also, some minerals such
as potassium (300-1000 mg/L), phosphorus (10.6-22.2 mg/L), calcium (89-173 mg/L) and
iron (0.2-2.9 mg/L) were found in small amounts in lab scale produced shalgam juice
[127].
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In addition to other chemical components, as a black carrot beverage, shalgam juice
contains anthocyanins that are present in black carrot [79, 125, 134]. The anthocyanin
profiles of commercial shalgam juice samples were determined by high performance liquid
chromatography (HPLC) and spectral measurements [125, 134]. The 5 anthocyanins in
black carrot, cyanidin 3-xylosylglucosylgalactoside, cyanidin 3-xylosylgalactoside,
cyanidin 3-sinapoylxylosylglucosylgalactoside, cyanidin 3-
feruloylxylosylglucosylgalactoside and cyanidin 3-p-coumaroylxylosylglucosylgalactoside
were present in shalgam juice [125, 134]. The effect of temperature during storage on
shalgam juice anthocyanins, therefore on product quality was investigated and the
degradation of anthocyanins was measured under different storage condition with various
temperatures [125]. It was found that non-acylated anthocyanins in shalgam juice,
cyanidin-3-xylosylgalactoside and cyanidin-xylosylglucosylgalactoside, were more
sensitive to storage conditions than the acylated anthocyanins of shalgam juice as expected
since acylated anyhocyanins are more stable to environmental conditions. Therefore, the
anthocyanin profile and the quality of shalgam juice was affected by storage conditions
[125]. In a more recent study of the same group, the only anthocyanin source of shalgam
juice was determined as black carrot in different group of samples with various storage
times by HPLC. In shalgam juice, anthocyanins found to be degraded with increasing
storage time (0-17 months), as well as the storage temperature (0-40°C) [134].

2.2.3.2. Microbiological Composition of Shalgam Juice
Shalgam juice is a fermented vegetable juice and lactic acid bacteria are responsible from
the fermentation by converting sugars to lactic acid and other byproducts [1]. Information

on the complex microflora of shalgam juice is limited and recent [29, 128, 135].

In previous studies some of these microorganisms were identified using classical culturing
techniques [29, 128, 135]. Lactobacillus plantarum subsp. arabinosus, Lactobacillus
brevis and Lactobacillus fermentum species were identified from the colonies on agar
plates inoculated with shalgam juice with biochemical tests [135]. In another study, LAB
in 25 commercial shalgam juices were identified as Lactobacillus rhamnosus,
Lactobacillus paracasei ssp. paracasei, Lactobacillus plantarum, Lactobacillus brevis and
Lactobacillus fermentum and their metabolisms such as lactic acid production properties,

were determined [128].
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In a more recent and detailed study, LAB of shalgam juice were isolated and identified
from large and small scale productions with commercially available kits (API) based on
the phenotypical methods [29, 130]. The occurrence and growth of bacteria during
different fermentation steps was observed and Lb. plantarum and Lb. paracasei subsp.
paracasei was found as the dominant LAB species in shalgam juice. The morphological,
physiological and biochemical properties of these bacteria as well as other bacteria such as
Lb. brevis, Lb.fermentum, Lb. delbrueckii subsp. delbrueckii, Leuconostoc mesenteroides
subsp. mesenteroides, P. pentosaceus, which were found in the beginning of fermentation
steps however couldn’t survive during the fermentation process were used in identification
of microflora [29]. Bacteria isolated from shalgam juice, Lb. plantarum, Lb. paracasei
subsp. paracasei and Lb. fermentum were used as starter cultures to produce shalgam juice
and the use of starter cultures found to affect the product quality, physical, chemical and

sensory properties were also investigated [106].

2.2.3.3. Bioactive Properties of Shalgam Juice

Shalgam juice is a fermented vegetable juice rich in black carrot anthocyanins and lactic
acid bacteria which are well known for their antioxidant properties and beneficial effects
on health [32, 115, 117].

The antioxidant properties of ethanol extracts of shalgam juice compared to black carrot
and black carrot juice concentrate extracts were studied in a study with DPPH, ABTSe+,
metal chelating activity, linoleic acid emulsion system and reductive potential methods
[136]. It was found that shalgam juice extracts had higher antioxidant capacity than black
carrot extract but not black carrot juice concentrate extract in DPPH method with 33.57
umol TE/g antioxidant capacity. However, the antioxidant capacity of shalgam juice in
ABTS method showed lower values than DPPH method, thus suggesting the comparison
between antioxidant capacity methods can’t be directly made because they depend on

different reactions and conditions [136].

Although chemical composition, microbiological composition and production techniques
of shalgam juice were widely investigated, there is only one study on the antioxidant
capacity and no study on the anti-proliferative effect of shalgam juice in the literature. To

understand the possible beneficial effects and bioactive properties of shalgam juice, its
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antioxidant capacity, its effects on human cells and anti-proliferative, apoptotic, immune
stimulating properties, in relation to the chemical composition and probiotic potential, is
still needed to be studied.

2.3. AIM OF THE STUDY

The aim of this study was to characterize shalgam juice's chemical and biological
composition to understand further health effects and bioactive properties by determining its
antioxidant capacity, identifying its microflora with molecular approach using species-
specific PCR, and checking its anti-proliferative effects on colorectal carcinoma (Caco-2)

cell lines in vitro using MTS assay.
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3. MATERIALS AND METHODS

3.1. SHALGAM JUICE SAMPLES

Commercial shalgam juice, black carrot and dough samples were provided kindly by
Company A, Adana, Turkey. According to information provided by the company, shalgam
juice production was carried out using the traditional method. Shalgam juice production by
Company A can be described as follows: Black carrots, which are stored at cold rooms
after harvesting, are washed and chopped (3-6 cm) into pieces and packed in bags.
Meanwhile, bulgur flour is fermented at 30-34°C for 3 days by addition of water. Then, 24
kg (0.7%, w/w) fermented bulgur dough was transferred into cotton bags and mixed with
600 kg (18%, w/w) black carrot in bags following addition of 45 kg (1.4%, w/w) salt by
addition of water in 3.3 ton tanks for lactic acid fermentation. The production is made in
small (200-300 L) or in 10 ton tanks. After 30-35 days at room temperature, shalgam juice
in containers are filtered and transferred for packaging. For hot shalgam juice production,

pickled hot pepper juice is added before packaging. (Figure 3.1)

While chemical composition, microflora identification and cytotoxicity studies were done
using company A’s shalgam juice (sample Aal), antioxidant and total phenolic content
assay analyses were carried out using products of different commercially available brands
(A, B, C, D) and home-made (E) shalgam juice. All companies had both regular (Al, B1,
C1, E1) and hot (A2, B2, C2, D2, E2) shalgam juices except Company D, which did not
have regular shalgam juice. Besides, Company A had 2 different products coming from
two different process lines (non-treated, Aa and heat-treated, Ab). According to
information provided from companies, all shalgam juices were produced using traditional
production method. Freshly squeezed black carrot juice and commercially available
pomegranate juice were used as controls for the antioxidant analysis. Black carrots were

supplied either from Company A or a local supermarket in Istanbul.
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Figure 3.1. Production of shalgam juice of Company A, (Adana)

3.2. DETERMINATION OF THE CHEMICAL COMPOSITION OF SHALGAM
JUICE

Chemical composition of the commercially available shalgam juice (Aal), used in further
microflora identification and cytotoxicity experiments was determined according to
standards of Turkish Standards Institute (TS) and compared with the TS 11149, standard
for shalgam juice [104].
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3.2.1. pH

pH of the shalgam juice was measured with a Meterlab, pHM210 model pH meter
(Radiometer Analytical, France) according to TS 1728 1SO 1842 [104].

3.2.2. Total Acidity

Total acidity of shalgam juice was determined with titration according to TS EN 12147
[104] and expressed as lactic acid, which is the primary acid in shalgam juice by using the
factor appropriate for lactic acid, 0.090 [137].

3.2.3. Soluble Solid Content

Soluble solid content of shalgam juice was determined with the refractometric method
using a Bellingham Stanley, sucrose indexed refractometer (Xylem, USA) according to the
method of TS 4890 and AOAC [104, 137]. The results were expressed as per cent (w/w)

dry substance. All determinations were made at 20.1°C.

3.2.4. Salt

The salt content of shalgam juice was determined with Mohr titration method according to
TS 2664 [104] and was expressed as per cent (w/w).

3.2.5. Ash

The ash content of shalgam juice was determined according to standard TS EN 1135 of
Turkish Standards Institute [104] inside an ashing furnace (Nabertherm, Germany) and was
expressed as g/L.

3.2.6. Protein

The protein content of shalgam juice was determined with Kjeldahl method according to

official AOAC method for fruit and fruit juices with some modifications [137]. An
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automated system was used in Kjeldahl method with a Buchi SpeedDigester and Buchi
Distillation Unit (Switzerland). In digestion potassium sulphate (K,SO,4; Merck, Germany)
was used instead of HgO or Hg and protein content of shalgam juice was expressed as %

(Wiw).

3.2.7. Total Carbohydrates

The carbohydrate content of shalgam juice was determined with phenol-sulphuric acid
method of Dubois et al. [138] using glucose as standard and a standard curve of glucose
was used to calculate the concentration of carbohydrates in shalgam juice. Total

carbohydrate concentration of shalgam juice was expressed as g/L.

3.2.8. Determination and Quantification of Organic Acids and Sugars

The organic acid (lactic, acetic, citric, oxalic, succinic, L-ascorbic, butyric, propionic and
malic acid) and sugar (glucose, fructose, sucrose and arabinose) content of shalgam juices
of Company A (hot, Aal and regular Aa2) were determined by High Performance Liquid
Chromatography (HPLC), using external standards.

For sugar analyses and quantification, HPLC system (Thermo Scientific, England)
equipped with a Refractive Index Detector (Thermo Scientific, England) was used. A
HyperREZ XP Carbohydrate Ca++ column (300 x 7.7mm x 8um; Thermo Scientific,
England) was used at 50°C and detector temperature was maintained at 35°C. Mobile
phase was 0.005M H,SO, with a 0.6 mL/min. flow rate [139]. External standards of D-(+)-
Glucose (Supelco, USA), D-(-)-Fructose (Supelco, USA), D-(+)-Sucrose (Fluka, Germany)
and D(-)-arabinose were prepared in 8 different concentrations (0, 30, 60, 90, 120, 150,
180, 210 mg/L) and concentrations of individual sugars in samples were calculated from

calibration curves drawn from external standards.

For organic acid determination and quantification, HPLC system (Thermo Scientific,
England) equipped with a Photodiode Array (PDA) detector (Thermo Scientific, England)
set to 210 nm was used with a Hypersil GOLD C18 column (250 x 4.6mm x Sum; Thermo
Scientific, England). Mobile phase was 0.013 M phosphoric acid (pH=2.3; Sigma Aldrich,
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Germany) with a 1 mL/min flow rate according to method of McFeeters et al. [140] with
some modifications on the concentration, therefore on the pH of the buffer. Seven different
concentrations of external standards of L-(+)-Lactic acid (0, 0.8, 1.7, 2.5, 3.3, 4.2, 5 ¢g/L)
and acetic acid, citric acid, oxalic acid, succinic acid, L-ascorbic acid, propionic acid,
malic acid and butyric acid (0, 0.17, 0.33, 0.5, 0.67, 0.83, 1 g/L, Supelco, USA) were
prepared and concentrations of individual organic acids in samples were calculated from
calibration curves drawn from external standards. Shalgam juice juice samples were
centrifuged (Hettich, Germany) at 10.000 x g for 5 min and filtered through a 20 pm NY
filter (Minisart Sartorius, Germany) before injection. Samples were diluted with MilliQ
water (1:4) in organic acid analysis. All analyses were repeated three times for three

different bottle of each sample.

3.2.9. Anthocyanins

Anthocyanins in shalgam juice were determined using HPLC and identified by comparing
with literature [79, 125, 134]. Shalgam juice samples were centrifuged (Hettich, Germany)
at 10.000 x g and filtered through a 20um filter (Minisart Sartorius, Germany). HPLC
system (Thermo Scientific, England) equipped with a Photodiode Array (PDA) detector
(Thermo Scientific, England) set to 520 nm was used with a Hypersil GOLD C18 column
(250 x 4.6mm x 5Spum; Thermo Scientific, England). Mobile Phase A was acetonitrile
(Sigma Aldrich, Germany) and mobile phase B was 4% phosphoric acid (Sigma Aldrich,
Germany) in MilliQ water [134]. The flow rate was 1.0 mL/min and gradient conditions
were as follows: at 0 min. 0% A, %100 B; at 20 min. 20% A, %80 B; at 25 min. 40% A,
60% B; at 30 min. 0% A, 100%.

3.3. TOTAL PHENOLIC CONTENT AND ANTIOXIDANT CAPACITY OF
SHALGAM JUICE

3.3.1. Sample and Standard Preparation
Total phenolic content (TPC) and the antioxidant capacities of commercially available hot

and regular shalgam juices of company A, B, C, D, and E were determined (Table 3.1).

Black carrot juice (freshly peeled and squeezed) and a commercially available
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pomegranate juice were used as controls for comparison of antioxidant capacities. All
samples were filtered through a 0.45um filter (Minisart Sartorius, Germany) after
centrifugation (Hettich, Germany) at 10.000 x g for 5 min and dilutions from each sample
were prepared with 80% methanol (Sigma-Aldrich, Germany) for antioxidant assays (1/20,
1/22, 1/25, 1/28, 1/33, 1/40, 1/50, 1/66, 1/100, 1/200) and with MilliQ water for total
phenolic content assay (1/10 and 1/50). For blank, 80% methanol and MilliQ water was
used for antioxidant capacity assays and total phenolic content assay, respectively. Trolox
((£)-6-Hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid) was used as a standard in
antioxidant assays and gallic acid was used as standard in total phenolic content assay.
Different dilutions (0.005, 0.01, 0.015, 0.02, 0.025, 0.03, 0.035, 0.04, 0.045, 0.05 mg/mL)
of Trolox (Sigma-Aldrich, Germany) and gallic acid (Sigma-Aldrich, Germany) were
prepared in 80% methanol and MilliQ water. All samples or standards were prepared daily

and all analyses were repeated three times for three different bottle of each sample.

Table 3.1. The samples used in antioxidant capacity and TPC determinations

Samples Production Place

Aal | Commercial regular shalgam juice (non-heat treated) (Company A) Adana
Aa2 | Commercial hot shalgam juice (non-heat treated) (Company A) Adana
Abl | Commercial regular shalgam juice (heat treated) (Company A) Adana
Ab2 | Commercial hot shalgam juice (heat treated) (Company A) Adana
B1 | Commercial regular shalgam juice (Company B) Adana
B2 | Commercial hot shalgam juice (Company B) Adana
C1 | Commercial regular shalgam juice (Company C) Adana
C2 | Commercial hot shalgam juice (Company C) Adana
D2 | Commercial hot shalgam juice (Company D) [zmir
E1 | Home-made regular shalgam juice Istanbul*
E2 | Home-made hot shalgam juice Istanbul*
BC1 | Freshly squeezed black carrot juice from black carrots Adana
BC2 | Freshly squeezed black carrot juice from black carrots Istanbul
PJ | Commercial pomegranate juice Istanbul
*Place of purchase
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3.3.2. Antioxidant Determination of Shalgam Juice

Shalgam, black carrot and pomegranate juices' antioxidant capacities were determined with
ABTS, DPPH and FRAP assays, using Trolox as a standard. Analyses were carried out in
triplicates for each dilution.

3.3.2.1. ABTS

ABTS (2,2'-Azino-bis (3-ethylbenzothiazoline-6-sulfonic acid)) radical scavenging activity
assay is based on the method of Miller et al. [141] modified by Re et al. [94]. Free radical,
ABTSe+ was prepared daily with Milli-Q grade water by reacting 5 mL 7mM ABTS
solution (Sigma-Aldrich, Germany) and 88 pL 140 mM potassium persulfate (KS,0s;
Sigma-Aldrich, Germany) and the mixture was allowed to stand in the dark at room
temperature for 12-16 h before use. The absorbance of ABTSe+ was adjusted to 0.70
(£0.05) at 734 nm with 80% methanol in a 96 well plate (Corning, USA) using a
microplate reader (MultiScanGo, Thermo Scientific). For reaction, 50 pL Trolox standard
or sample was added to 250 pL ABTS+ in a 96-well plate and readings were made for 15
min at 30°C at 734 nm. Since there was no change in the absorbance of Trolox in 15 min
(Fig 3.2), absorbance values at the fourth minute were used according to literature for

antioxidant capacity calculations [94].

0,50 -
0,40 -
3 0,30 -
2020 $90000000000000
0,10 -
0,00

0 5 10 15
Time (min.)

Figure 3.2. ABTS reaction rate at 734 nm for 150uM Trolox standard has not changed
during the monitoring period
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3.3.2.2. DPPH

The DPPH Radical Scavenging Activity assay was based on the modified method of
Fukumoto & Mazza [101], which was adapted from the methods of Brand-Williams,
Cuvelier, & Berset [95]. In the modified method, 80% methanol was used instead of 100%
methanol and readings were made in 96 well plates. For DPPH assay 22 pL sample or
Trolox standard and 200uL 150 uM DPPH solution (Sigma-Aldrich, Germany) was mixed
in the wells of a 96 well plate and readings were made at 0 min, 30 min, 3 h and 5 h at 515
nm. Absorbance versus concentration curves with highest slope were used in the
calculation of antioxidant capacity as described in section 3.3.4. (30 min for Trolox
standard and 300 min for juice samples).

3.3.2.3. FRAP

The ferric reducing antioxidant power of shalgam, black carrot and pomegranate juices
was measured according to the methods of Benzie and Strain with some modifications
made for 96 well plate [96]. FRAP reagent was prepared daily by reacting 25 mL of 300
mM acetate buffer at pH 3.6 (3.1 g sodium acetate trihydrate (C,H33NaO,- 3H,0; Riedel-
de-Haen) and 16 mL acetic acid (C,H4O,; Sigma-Aldrich, Germany) per liter of solution),
2.5 mL of 20mM Iron-11I-hexahydrate (FeCls. 6H,0; Carlo Erba) and 2.5 mL of 10mM
TPTZ (2,4,6-Tris(2-pyridyl)-s-triazine; Sigma-Aldrich, Germany). Readings were made at
593 nm by mixing 50 pL Trolox standard or sample with 250 uL FRAP reagent in a 96-
well plate for 6 min. Similar to previous studies, there was no change in the absorbance for
six minutes (Figure 3.3) [96] and fourth minute was used for antioxidant capacity

calculations in FRAP method.
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Figure 3.3. FRAP reaction rate at 593 nm for 100uM Trolox standard has not changed

during the monitoring period
3.3.3. Total Phenolic Content

Total Phenolic Content (TPC) of juices was determined with the Folin-Ciocalteu method
[102] with some modifications made for 96-well plate [142], using gallic acid as standard.
Shalgam juice samples were diluted as 1/10 with water, black carrot and pomegranate juice
samples were diluted as 1/50 and 100 pL sample or serially diluted standards (0-0.05
mg/mL) were added to 2 mL centrifuge tubes. Two hundred uL of 10% (vol/vol) Folin-
Ciocalteu reagent (Sigma-Aldrich, Germany) was added to tubes and vortexed. Eight
hundred pL of 700 mM sodium carbonate anhydrous (Na,COs; Carlo Erba, Italy) was
added and the assay tubes were incubated at room temperature for 2 h. After incubation
200 pL sample, standard or blank was transferred to a 96-well microplate and the
absorbance was measured at 765 nm with a microplate reader (MultiScanGo, Thermo

Scientific). Readings were made in triplicates for each sample.
3.3.4. Calculation of Antioxidant Capacity and TPC

For calculation of antioxidant capacities, the slope of the absorbance versus concentration
curve of Trolox standard and samples were used by dividing the slope of the sample by the
slope of the Trolox standard (R*>0.99). Trolox Equivalent Antioxidant Capacities (TEAC)
of juices were calculated as pmol Trolox Equivalent/mL juice. Total phenolic contents

were calculated from the calibration curve of gallic acid and expressed as pg GA/mL.
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3.4. ENUMERATION AND IDENTIFICATION OF LACTIC ACID BACTERIAIN
SHALGAM JUICE

The microflora of shalgam juice was identified with species-specific PCR, however during
production, microorganism profile of shalgam juice changes due to pH, salt and processing
effects. Since species-specific PCR can identify both viable and non-viable
microorganisms, cultivation is needed to determine the viable counts in the final product.
Therefore, viable microorganisms of final product, shalgam juice were enumerated by
cultivating on appropriate media. Then, DNA of the microorganisms in shalgam juice was
isolated either directly from shalgam juice or from picked colonies on agar plates.

3.4.1. Enumeration of Microorganisms

The microbial load of shalgam juice mostly comes from bulgur dough used in fermentation
[24]. That is why bacteria and mold/yeast counts of both shalgam juice and bulgur dough
extract were determined by spread and pour plate methods. Ten mL shalgam juice or 10 g
of dough was suspended in 90 mL peptone water (Conda, Spain) and 10-fold serial
dilutions were made (10°-10). After dilutions, Lactobacillus species were cultivated on
Man Rogosa Sharp (MRS) agar (Conda, Spain), Lactococcus & Streptococcus spp. were
cultivated on M17 agar (Conda, Spain), and they were incubated at 37°C in a 5% CO,
incubator (New Brunswick, UK) for 48 h. Yeast and molds were grown on Potato Dextrose
Agar (Conda, Spain) at 25°C for 48 h. Total aerobic bacteria count was determined by
spreading on Nutrient Agar (Conda, Spain) and incubated at 37°C for 24 h. Viable counts

were performed and expressed in Logio CFU mL ™.

The identity of the strains was confirmed by Gram staining (Salubris Gram Staining Kit,
USA) and by checking colony morphologies. Isolated colonies were cultured and stored in
the appropriate growth medium containing 30% glycerol (Sigma, UK) at -80 ‘C freezer
(Sanyo, Japan).



49

3.4.2. Bacterial DNA Isolation

DNA of the microorganisms in shalgam juice was isolated either directly from shalgam
juice or from picked colonies on agar plates. To gather enough samples, 50 mL shalgam
juice was centrifuged at 20.000 x g for 5 min (Sigma, Germany) repeatedly (to reach a total
volume of 250 mL samples). After centrifugation, pellet was suspended in Phosphate
Buffered Saline (PBS; GIBCO, USA) and collected in 2 mL microcentrifuge tube. For
DNA isolation from colonies, colonies were picked from the agar plate and suspended in
PBS. Homogenates were centrifuged (Hettich, Germany) at 20.000 x g for 1 min, the
supernatant was removed and cell pellet was used in DNA isolation. DNA isolation for all
sample homogenates was done, using Purelink Genomic DNA Mini Kit (Invitrogen, USA)
according to manufacturer’s instructions with some modifications. Additional lysozyme
enzyme was used for disrupting the cell walls of gram-positive bacteria. Lysozyme (Bio
Basic, USA) was suspended in lysozyme buffer (25mM Tris-HCI, Merck, Germany;
2.5mM EDTA, Merck, Germany; 1% Triton X-100, Merck, Germany) at a concentration
of 20 mg/mL and 1 mL lysozyme suspension was added on cell pellets in microcentrifuge
tubes. Tubes were incubated at 37°C for 30 min in a water bath and kit protocol was used

for DNA isolation.

3.4.3. Quantification of DNA

The quantity of isolated DNA was determined using a spectrophotometer (Implen
Nanophotometer, USA) at 260 nm. Elution buffer (Invitrogen, USA), used as suspension
of final DNA, was used as a blank. DNA concentration was calculated from the absorbance
at 260 nm as ng/pL. Since the ratio higher than 1.8 is indicative of a protein contamination
(nucleic acids and proteins give maximum absorbance at 260 nm and 280, respectively),
protein contamination of DNA samples were measured by calculating the Ajeo/Azgo ratio.
The DNA is also observed on 1% agarose gel (Sigma, UK), which was prepared with 1X
TBE buffer [10.8 g/L Tris Base, (Merck, Germany); 5.5 g/L boric acid, (Sigma, UK);
0.02M EDTA, (Merck, Germany] and stained with ethidium bromide (Sigma-Aldrich,
UK). DNA ran at 80V for 30 minutes (Cleaver, USA). Gels were visualized in UV
Transilluminator Gel Imaging System (Bio-Rad, USA).
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3.4.4. Species-Specific PCR

To identify microbial flora of shalgam juice with molecular methods, polymerase chain
reaction (PCR) using species specific primers were performed. Bacterial DNA samples
were amplified with primers (Invitrogen, USA), previously designed and reported based on
the 16S-23S regions of lactic acid bacteria found in dough and vegetable products [1, 64,
66, 143-145] and are given in the Table 3.2. PCR mastermix was prepared in a final
volume of 24 pL without the template DNA. The mastermix contained 1.5uL 10X Tag
Reaction Buffer (Fermentas, USA), to a final concentration of 10mM; 1.5uL. MgCl,
(Fermentas, USA), to a final concentration of 1.5mM; 2uL. ANTP (Fermentas, USA), to a
final concentration of 200uM; 0,35uL Tag DNA Polymerase (Fermentas, USA), to a final
concentration of 1.75U; 1uL of each primer, to a final concentration of 10pmol each; and
14.65 pL nuclease free distilled water (Gibco, USA) to reach a total 25uL volume. 17
DNA samples, 16 obtained from colonies on MRS Agar, 1 directly from shalgam juice
were used as template DNA and added as 1 pL to each PCR tube. Different PCR
amplification protocols (Table 3.3) were used according to primers’ annealing

temperatures [66, 143, 145] in PCR thermal Cycler (Bio-Rad My Cycler, USA).



Table 3.2. Species-specific primers used in DNA amplification

) ) Reverse/
Species Primer Sequence (5°-3°) Reference
Forward
Lb. Lal F GATCGCATGATCAGCTTATA
acidophilus La2 R AGTCTCTCAACTCGGCTATG
. B Lj1 F CACTAGACGCATGTCTAGAG
Lb. johnsonii
La2 R AGTCTCTCAACTCGGCTATG
Lb. Ldl F ACATGAATCGCATGATTCAAG
delbrueckii Ld2 R AACTCGGCTACGCATCATTG
Lb. casei Lc3 F GCGGACGGGTGAGTAACACG
group Lcd R GCTTACGCCATCTTTCAGCCAA
L ) Lcl F GTGCTTGCACTGAGATTCGACTTA [143]
. casei
Lc2 R TGCGGTTCTTGGATCTATGCG
) Lpl F GTGCTTGCACCGAGATTCAACATG
Lb. paracasei
Lc2 R TGCGGTTCTTGGATCTATGCG
Lb. Lrl F GTGCTTGCATCTTGATTTAATTTT
rhamnosus Lc2 R TGCGGTTCTTGGATCTATGCG
Streptococcu
Stl TTATTTGAAAGGGGCAATTGCT
S
. St2 R GTGAACTTTCCACTCTCACAC
thermophilus
Lb. Lfpr F GCCGCCTAAGGTGGGACAGAT
plantarum Planll R TTACCTAACGGTAAATGCGA
) Gasl F GAGTGCGAGAGCACTAAAG
Lb. gasseri
Gasll R CTATTTCAAGTTGAGTTTCTCT
) Lfpr F GCCGCCTAAGGTGGGACAGAT
Lb. reuteri [66]
Reu R AACACTCAAGGATTGTCTGA
Lb. Lfpr F GCCGCCTAAGGTGGGACAGAT
fermentum Fermll R CTGATCGTAGATCAGTCAAG
Shal F GATAATCATGTAAGAAACCGC
Lb. sharpeae
Shall R ATATTGTTGGTCGCGATTCG
Saccharomyc NS1 F GTAGTCATATGCTTGTCTC [144]
es cerevisiae ITS2 R GCTGCGTTCTTCATCGATGC
] F CTTGCACTGATTTTAACA
Lb.brevis [145]
R GCTGCGTTCTTCATCGATGC
Lb. Bulgfor F TCAAAGATTCCTTCGGGATG [64]
bulgaricus Bulgrev R TACGCATCATTGCCTTGGTA

o1
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Table 3.3. PCR conditions for each species

Primer sets PCR conditions

Lb. acidophilus

Lb. johnsonii

Lb. delbrueckii 94°C — 3min

Lb. casei group 35 cycle (94°C -30s, 60°C-30s, 72°C-90s)
Lb. casei

St. thermophilus

94°C — 3min
35 cycle (94°C -30s, 65°C-30s, 72°C-90s)
94°C — 3min
35 cycle (94°C -30s, 50°C-30s, 72°C-90s)

Lb. paracasei

Lb. rhamnosus

Lb. plantarum

Lb. gasseri 92°C — 2min

Lb. reuteri 35 cycle (95°C -30s, 55°C-30s, 72°C-30s)

Lb. fermentum 72°C-1min
92°C — 2min

Lb. sharpeae 35 cycle (95°C -30s, 58°C-30s, 72°C-30s)
72°C-1min
94°C — 2min

Lb. brevis 35 cycle (94°C -1min, 40°C-1min, 72°C-1min)
72°C-10 min
92°C — 3min

Lb. bulgaricus 35 cycle (95°C -30s, 60°C-20s, 72°C-20s)
72°C-5min
92°C — 3min

S. cerevisiae 35 cycle (95°C -30s, 60°C-30s, 72°C-3min)
72°C-7min

3.4.5. Visualization of PCR Products

PCR products were visualized on 2% agarose gel, prepared with 1X TBE buffer. Gels
stained with ethidium bromide and run at 90V for 35 min, were visualized in UV
Transilluminator Gel Imaging System (Bio-Rad, USA). Amplified products were
quantified with 100-1000bp DNA ladder (Fermentas, USA).



53

3.4.6. Sequencing Analysis

The amplified fragments were diluted to a concentration, of which the bands can be seen
clearly (30 pL) and sequenced with the primers (5 pmol) used in amplification by Refgen
Company (Ankara, Turkey). Sequence results were analyzed by Sequence Scanner
Software v1.0 (Applied Biosystems) and each base sequence of the sample was compared
with the rDNA sequences present in the nucleotide sequence database of National Centre
for Biotechnology Information (NCBI) using the basic local alignment search tool
(BLAST) search program. ClustalW software was used for phylogenetic tree presentation
based upon the alignments.

3.5. CYTOTOXICITY ASSAY

In vitro cytotoxic effect of shalgam juice, of which chemical and microbial properties were
determined (Aal, Adana), and black carrot juice (freshly peeled and squeezed; Adana) was

determined using colorectal carcinoma (Caco-2) cells.

3.5.1. Cell Culturing

3.5.1.1. Cell Passaging

Caco-2 cells (Caco-2/Anl) were obtained from the cell culture collection of Sap Institute
(HUKUK, Sap Enstitiisii, Ankara) and were grown in Dulbecco’s Modified Eagle Medium
(DMEM; with 2 mM L-glutamine; GIBCO, USA) supplemented with 10% (v/v) Fetal
Bovine Serum (FBS; GIBCO, USA); 100 units/mL penicillin, 100 pg/mL streptomycin
(Gibco, USA) at 37°C in 5% CO; incubator (New Brunswick, UK) in T-25 flasks.

Cell passaging was performed when cells reached 80% confluence. Media was removed
from flask and cells were washed once with 1 mL PBS solution (Gibco, USA) and
detached by adding 1.5 mL trypsin (0.5 g/L)-EDTA (0.2 g/L) solution (Gibco, USA) to
flask and incubating flask for 4 min at 37°C with 5% CO, humidified incubator. Detached
cells were collected in a 15 mL centrifuge tube after addition of 3 mL growth media to

neutralize trypsin-EDTA. The tube was centrifuged (Hettich, Germany) at 300 x g for 5
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min and supernatant was discarded. Cell pellet was resuspended in 5 mL growth media and

cells were seeded in a new T-25 flask.

3.5.1.2. Cell Counting

Cell counting was performed using a hemocytometer (Sigma, Germany). Cell pellets to be
counted were suspended in PBS solution (instead of growth media, since serum proteins in
media may cause false results by staining) and trypan blue dye exclusion method was used
according to manufacturer's instructions (Wisent Bioproducts, Canada). One mL of cell
suspension was mixed with one mL of trypan blue dye. Ten pL of this mixture was added
to the hemocytometer. The cells were counted using inverted phase contrast microscope
(Nikon, USA). The circled area on the hemocytometer represents 1/10000 of 1mL (Figure
3.4).

STANDARD HEMOCYTOMETER CHAMBER
|

R —— —1—

1mm

CORNER
SQUARE

__.L

— = MIDDLE
SQUARE

Figure 3.4. Hemocytometer chamber [146]

Cells in this square were counted 3 times and average of these numbers was used to

calculate the number of cells per mL using the Equation (3.1).
“Cells/mL = the average number x 10 x dilution factor”’ (3.2)
3.5.1.3. Cell Freezing

After cell counting, cell suspension was centrifuged at 300 x g for 5 min and supernatant

was removed. Cell pellet was suspended in freezing media containing 90% (v/v) FBS and
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10% dimethyl sulfoxide (DMSO; Santa Cruz, USA) at a concentration of 1x10° cells/mL.

One mL of this suspension was transferred to cryovials and stored in liquid nitrogen.

3.5.1.4. Cell Thawing

Frozen cell vials taken from liquid nitrogen storage, were thawed rapidly at 37°C. Cell
solution in cryovial was transferred to a 15 mL centrifuge tube and five mL of growth
media was added slowly with gentle shaking. Cell suspension was transferred into a T-25
flask and incubated at 37°C with 5% CO, incubator. Following 20th hour, media was
removed from flask and cells were washed with PBS solution. Fresh media was added and
cells were incubated at 37°C with 5% CO, until they reach 80% confluence.

3.5.2. Cell Proliferation Assay

Cell proliferation rate, thus the cytotoxicity in Caco-2 cells incubated with shalgam juice
was determined with CellTiter 96 AQueus NONn-Radioactive Cell Proliferation Assay —
MTS (Promega, USA). The assay is composed of a tetrazolium compound [3-(4,5-
dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium,

inner salt; MTS] and an electron coupling reagent (phenazine methosulfate; PMS). MTS is
reduced into a formazan product in metabolically active cells by dehydrogenase enzymes
and the absorbance of the formazan product can be measured at 490 nm,
spectrophotometrically. The number of living cells, which is cell viability, in culture

medium can be measured by measuring quantity of formazan product via absorbance.

Shalgam and black carrot juices were freeze dried in a lyophilizer (Christ, Germany) and
suspended in PBS at a concentration of 6400ug/mL. Nine dilutions were prepared from
each suspension with growth media (0, 50, 100, 400, 800, 1600, 3200, 6400 pg/mL) and
50 pL of dilutions were added to the wells of a 96-well plate. The plate was equilibrated at
37°C with 5% CO, humidified atmosphere while harvesting the cells for assay. Cells in T-
25 flasks were harvested, counted and suspended to a final concentration of 1 X 10°
cells/mL in growth media. Fifty uL of cell suspension was dispensed into all wells
containing juice suspensions and plate was incubated for 48 h at 37°C with 5% CO;
humidified atmosphere. After incubation, 20uL/well MTS/PMS solution was added to

wells and plate was incubated for another 3 h. The absorbance at 490 nm was measured
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using ELISA plate reader (Bio-Tek, USA) to determine the amount of soluble formazan
produced by cellular reduction of the MTS. Inhibition of cell proliferation was determined

through cell viability using Equation (3.2):

Cell viability (%)= [(sample absorbance with cells-sample
absorbance without cells)/(control absorbance with cells-control (3.2)

absorbance without cells)] x 100

3.6. STATISTICAL ANALYSIS

Minitab version 16 statistical software was used in statistical analyses. For chemical
analyses and microbial enumeration data, One-way analysis of variance (ANOVA) and
student t-test was applied. For antioxidant data, ANOVA and Tukey's test were applied to

determine significant differences among different brands of shalgam juice (P<0.05).
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4. RESULTS AND DISCUSSION

4.1. CHEMICAL COMPOSITION OF SHALGAM JUICE

As stated in the materials section, the chemical composition of Aal was determined, since
it was used in further cytotoxicity and microflora identification studies. The chemical
composition of Aal is given in Table 4.1.

Table 4.1. Chemical composition of Aal shalgam juice and Turkish Standard Institution's

standard for shalgam juice

Properties Shalgam Juice TS 11149
Total Carbohydrate, (g/L) 0.29+0.02

Soluble Solid, % (w/w) 3.40+0.00 >2.50
Salt, % (w/w) 2.00+0,06 <2.00
Ash, % (w/w) 1.86+0.05 <2.00
pH 3.43+0.00 3.30-3.80
Total Acidity as Lactic Acid, (g/L) 6.38+0.11 >6.00
Protein, (g/L) 2.80+1.14

As expected, the total carbohydrate in shalgam juice samples was low and found as 0.29
g/L. The carbohydrate content of shalgam juice comes from the ingredients used in
production such as black carrot and bulgur dough which are utilized by LAB during
fermentation for production of aroma and flavor compounds. In a previous study, Giines
[131] investigated the most suitable quantity of black carrot for the production of shalgam
juice by examining the total carbohydrate amount of bulgur flour and black carrot used in
fermentation and found that while total carbohydrate amount of bulgur flour was 18.2 g/kg,
total carbohydrate amount of black carrot was 70.9 g/kg at the beginning of fermentation.
Throughout the fermentation, total carbohydrate concentration decreased to 0.25-0.29 g/L
and affected by the amount of black carrot used in production (10-20%) [131]. In another
study [132], the effect of black carrot size on the quality of shalgam juice was studied and
total carbohydrate in bulgur flour and black carrot was also determined as similar to study

of Giines [131]. Similarly, the total carbohydrate concentration decreased in the end-
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product (0,09-0.20 g/L), while there were no significant differences in total carbohydrate
contents in shalgam juices produced with different sizes (3-9 cm) of black carrot [132]. In
a more recent study, the effect of the addition of starter cultures in shalgam juice
production was investigated [106]. It was found that total carbohydrate amount of shalgam
juices produced in lab scale with the addition of starter cultures such as Lb. plantarum
species was between 0.50-0.82 g/L and there were no significant differences compared to

shalgam juice produced without starter culture [106].

The solid content of shalgam juice was 3.4% (w/w). Soluble solid content of shalgam juice
consists of organic acids, salt, protein and minerals and 62% of the solid content is salt
[103]. In previous studies, the solid content of commercially available shalgam juices were
found between 2.2 and 4.0% [103, 122, 127-130]. According to TSI, solid content of
shalgam juice should be above 2.5%, which was comparable to our result [104]. In
controlled production studies of shalgam juice in laboratory condition in which the effect
of black carrot amount on product quality was investigated [131], the solid contents of both
black carrots and bulgur flour used in production were determined and found as 89.1-
90.9% (w/w) for bulgur flour and 11.0-11.3% for black carrot (w/w). It was stated that
soluble solid content of shalgam juice was found to be affected by the amount of the black
carrot used in production [131]. The solid content increased (2.03-2.67%) with the higher
concentration of black carrot (10-20%) used in production [131]. In another study, it was
found that the use of different starter cultures was also effective on soluble solid
concentration of shalgam juice (1.69-3.15%) [106].

The salt content of shalgam juice was found as 2.0% and was within the limits of the
standards (2%, w/w). Fermented vegetable products, such as kimchi and sauerkraut also
contains 1.8-3% (w/w) salt [37]. Salt in shalgam juice is added during production to
control the microflora of fermentation and prevent spoilage since most of the LAB found
in shalgam juice fermentation are salt tolerant bacteria, the growth of gram negative
bacteria causing spoilage is inhibited with salt [24]. Similarly in previous studies, salt
concentration was found in the range of 1.12-2.57% in commercial products and 0.82-
1.77% in shalgam juices produced in lab-scale [103, 104, 106, 122, 126-132].
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The ash amount of shalgam juice was found as 1.86% (w/w) which was within the limits of
standards (2%) [104]. The ash content of shalgam juice depends on anionic and cationic
ions of ingredients [127] and minerals of water used in the production, therefore it is
affected by the quality of the water and amount of the ingredients. The ash amount of
commercial shalgam juices were found in the range of 1.12-2.07%, similar to our study
[103, 104, 122, 127-130]. In a previous study, the effect of black carrot amount was
investigated and the ash amount of shalgam juice was found to be increased with

increasing amounts of black carrot used in production (1.27-1.52%) [131].

The pH of the shalgam juice samples was found as 3.43 and was within the limits of
standards (3.30- 3.80). [104]. The pH is related to the acid content of shalgam juice and
similarly was found between 3.16 and 3.86 in commercially available shalgam juices [103,
104, 122, 127-130]. Also, in several controlled production studies at lab scale [106, 131,
132], the change in the pH of the dough (first) and black carrot (second) throughout
fermentation was screened. During dough (first) fermentation, pH decreased from 5.23-
5.93 to 4.20-5.01 and the decline in the pH continued during the black carrot (second)
fermentation until the end of the fermentation. In final product, pH was found in the range
of 3.39-3.56 [106, 131, 132]. In a previous study [131], pH of the shalgam juice was found
to be affected by the amount of black carrot used in production and stated that the pH
(3.39-3.49) of the shalgam juice decreased with higher amounts of black carrots (10-20%)
used in fermentation. In another study, pH was found to be affected by the size of the black
carrot used in the production (3.43-3.53) [132]. In the study of Tangiiler [106], the effect of
the use of starter cultures such as Lb. plantarum and Lb. paracasei subsp. paracasei
species on the chemical composition was investigated and it was found that the pH (3.43-
3.56) of the shalgam juices produced with the addition of starter cultures increased
compared to shalgam juices produced without a starter culture. In vegetable fermentations,
most of the spoilage and pathogenic microorganisms are eliminated by the decrease in the
pH with the production of organic acids [37]. Also, microbial growth patterns and LAB in
fermentation effects the change in pH [37].

Shalgam juice is produced with lactic acid fermentation, thus the predominant acid in
shalgam juice is expressed as lactic acid. In our study, total acidity of shalgam juice was

found as 6.38 g/L, which was consistent with other studies, of which total acidity of
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commercially available shalgam juices was reported between 1.06 and 12.6 g/L [103, 104,
122, 127-130]. Our findings also met the standard requirement determined by TSI (> 6.00
g/L) [104]. In previous lab scale production studies [106, 131, 132], the change in the
acidity during and at the end of the fermentation was screened. In dough (first)
fermentation, the acidity of bulgur dough increased from 2.90-5.30 g/kg to 8.55-11.9 g/kg.
Total acidity of black carrots (0.48-2.16 g/L) increased during (second) fermentation with
the addition of bulgur dough from the first fermentation to 4.88-8.30 g/L [106, 131, 132].
In the study of Giines [131], the effect of black carrot amount on shalgam juice quality was
investigated and total acidity was found to be affected by the amount of black carrot used
in fermentation. Using higher concentrations of black carrots (10-20%) in shalgam juice
production increased the acidity (4.95-7.45 g/L) in the final product [131]. In another
study, effect of the starter cultures on the acidity was studied and it was found that addition
of starter cultures such as Lb. plantarum species increased the acidity of shalgam juice
(6.36-9.27 g/L) [106]. On the other hand, using additional ingredients such as red beet and
turnip decreased the acidity (5.20-8.90 g/L) in the end product [126]. Similar to shalgam
juice, in lactic acid fermented vegetable juices such as carrot and cabbage juices, the total
acidity was found in the range of 4.38-7.40 g/L in the final product and the acidity
increased with the fermentation time [14, 26]

The protein content of shalgam juice is determined with Kjeldahl method according to
standard method of Association of Official Analytical Chemists (AOAC) since TS
standard TS 11149 for shalgam juice does not specify the protein amount for shalgam juice
[137]. The protein amount was found as 2.80 g/L, which is higher than previous findings of
protein concentrations in commercially and lab-scale produced shalgam juices (0.88 g/L-
1.83g/L) [106, 127]. The proteins in shalgam juice are in low amounts and are soluble
proteins of ingredients, bulgur flour and black carrot, therefore it may be affected by the

cultivar of black carrot used in production [106, 127].
4.1.1. Organic Acid and Sugar Determination by HPLC
Organic acids produced during fermentation decrease the pH and inhibit the growth of

gram negative bacteria acting as antimicrobial substances in fermented vegetable products

[147]. They also influence the organoleptic properties of the beverage (flavor, aroma,
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color) [148]. Specifically, individual organic acids of shalgam juice from Company A
(regular, Aal and hot, Aa2) were determined with HPLC using external standard curves
(R%0.999) (Table 4.2). Lactic acid was found as the predominant acid and it was
significantly different among regular and hot products with 8.90+0.59 g/L concentration in
regular (Aal) and 4.19+ 0.09 g/L concentration in hot shalgam juice (Aa2) (Figure 4.1).
Lactic acid found in shalgam juice is mostly L(+)-Lactic Acid. Less frequently D(-)-Lactic
acid or a combination of both are present [1]. Since LAB in fermentation of shalgam juice
are both homo and heterofermentative LAB, other organic acids such as acetic acid
(1.29+£0.13 g/L in Aal and 2.65+0.04 g/L in Aa2), citric acid (1.25+£0.06 g/L in Aal and
1.10£0.01 in Aa2) and succinic acid (0.22+0.06 g/L in Aal and 0.22+0.02 g/L in Aa2)
were also found in lower amounts, as fermentation end-products [29]. The significant
difference between the lactic acid and acetic acid concentrations of hot and regular
shalgam juices can be explained by the addition of pickled hot pepper juice at the end of
the fermentation in hot products [119]. Addition of pickle juice is considered as an
adulteration in the production, however to produce hot shalgam juice, it is specifically
added to the end product [119, 134]. Pickled hot peppers are made with vinegar which
contains high concentration of acetic acid [149], therefore the addition to shalgam juice
may have increased the acetic acid concentrations in hot products. It was also reported that
the acetic acid concentration in shalgam juice increased while lactic acid concentration
decreased during storage and the organic acid content and quality of the shalgam juice
changed from batch to batch, seasonally and yearly [134]. This may suggest that hot
shalgam juices used in this study were from different batches and stored longer on the
shelf. Similar to our findings, in previous studies lactic acid was found as the dominant
organic acid of shalgam juice, followed by acetic acid and citric acid [106, 122, 130, 132,
134]. The concentration of organic acids was found as 2.61-8.75 g/L lactic acid, 0.34-1.48
g/L acetic acid and 0-3.41 g/L citric acid in commercial shalgam juices [122, 130, 134].
Our results have shown similar organic acid amounts among regular commercial products
except lactic acid which had slightly higher concentration than other commercial products.
Use of various sizes of black carrot, addition of starter cultures and production of shalgam
juice without a dough fermentation affected the organic acid concentration of shalgam
juices [106, 132]. In lab scale production, the highest lactic acid concentration (8.17 g/L)
was found in shalgam juice produced with the addition of Lb. plantarum species while

lowest lactic acid concentration (5.50 g/L) was measured in shalgam juice produced
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without a prior dough fermentation [106]. The acetic acid concentration was also found to
be affected by the production method and starter culture used in the fermentation [106].
The acetic acid concentration in shalgam juice produced with Lb. fermentum was higher
(0.83 g/L) than the acetic acid concentration in shalgam juice produced without addition
of starter culture (0.57 g/L) [106]. The effect of black carrot size (3-9 cm) on organic acid
content of shalgam juice was also studied [132]. The lactic acid concentration was found in
the range of 5.6-6.3 g/L with highest concentration in shalgam juices produced with 6 cm
black carrots and acetic acid concentration was found in the range of 0.48-0.56 g/L with

highest concentration in shalgam juices produced with 3 cm black carrots [132].

Table 4.2. Organic acid concentrations of regular (Aal) and hot (Aa2) shalgam juices

o Concentration in regular shalgam | Concentration in hot shalgam
Organic acid . L
juice (Aal) (g/L) juice (Aa2) (g/L)
Lactic acid 8.90+0.59 4.19+0.09
Acetic acid 1.29+0.13 2.65+0.04
Citric acid 1.2540.06 1.10£0.01
Succinic acid 0.22+0.06 0.22+0.02

In addition to other organic acids, an area which has similar retention time to L-Ascorbic
acid was also detected. This suggests, there may be L-ascorbic acid in shalgam juice,
however due to the interference in chromatography, it couldn't be quantified and should be
investigated in further studies (Figure 4.1). In literature, L-Ascorbic acid was determined
in shalgam juice in the concentration of 0.71-3.37 mg/100g using titration method [126]
and stated that the source of ascorbic acid was assumed to be the black carrot used in
production [126]. However, there is no published data on the detection of L-ascorbic acid
content with HPLC in the literature. The ascorbic acid content of shalgam juice is
important since sodium benzoate is used as a preservative in the end product [119, 123].
The studies has shown that ascorbic acid may cause production of benzene, a carcinogenic
product, by decarboxylation of benzoic acid [150]. Oxalic acid was another organic acid
detected in our study however similar to ascorbic acid due to the interference in
chromatography, it couldn't be quantified (Figure 4.1). Oxalic acid in shalgam juice was

determined and quantified in a previous study in the concentration of 14.37-62.20 mg/L
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[106]. However, in the recent publication of the same group, presence of oxalic acid was

not confirmed and not detected among organic acids of shalgam juice [130].

There was no determination of malic acid, propionic acid and butyric acid in shalgam juice
in our study. For determination of other organic acids seen in chromatography (Figure 4.1)
as well as quantification of L-ascorbic and oxalic acid, further method development is

needed.

Lactic acid

Citric acid
Acetic acid

Succinic acid
7

Figure 4.1. Organic acid profile of shalgam juice

Sugars of shalgam juice were also determined with HPLC using external standard curves
(R%>0.999) (Table 4.3). Sugars in black carrots are used in fermentation by LAB, therefore
as expected their amount in final product was found in low amounts [130]. Fructose was
found as the dominant sugar in shalgam juice (0.104 g/L), followed by sucrose (0.075 g/L)
and glucose (0.041 g/L). No arabinose was determined. Sugar profile of shalgam juice was
reported in several studies and sucrose (0.01-1.14 g/L), glucose (0.09-1.902 g/L) and
fructose (0.006-4.0 g/L) was found in low levels as sugars of commercially available
shalgam juices [122, 130]. The effect of production method and the addition of starter
cultures on sugar concentration of shalgam juice was also investigated [106]. Glucose,
fructose and sucrose concentrations were found as 0.048-0.191 g/L, 0.027-0.148g/L and
0.040-0.206 g/L, respectively with highest concentration in shalgam juice produced
without the previous dough fermentation [106]. The sugars of shalgam juice are from the
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ingredients and same three sugars were found with sucrose as the predominant sugar (4.11
0/100g), followed by glucose (0.69 g/100g) and fructose (0.58 g/100g) [107] in black
carrots. In contrast to our study and black carrot studies, Tanguler [106] checked for
presence of arabinose and found in low amounts (0.134 g/L-0.193 g/L) in shalgam juice
with HPLC using external standards.

Table 4.3. Individual sugar concentration of regular shalgam juice (Aal)

Sugars Concentration in regular shalgam juice (Aal)
Fructose 0.104 g/L
Sucrose 0.075 g/L
Glucose 0.041 g/L

4.1.2. Anthocyanins

Anthocyanin profile of shalgam juice was determined by HPLC. Due to the lack of
standards, the peaks were identified using the information in literature [79, 125, 134]. As
seen from Figure 4.2, same five major anthocyanins, cyanidin-3-
xylosylglucosylgalactoside (cya 3-xylglcgal) (peak 1), cyanidin-3-xylosylgalactoside (cya
3-xylgal) (peak 2), cyanidin-3-xylosylglucosylgalactoside acylated with sinapic acid (peak
3), cyanidin-3-xylosylglucosylgalactoside acylated with ferulic acid (peak 4) and cyanidin-
3-xylosylglucosylgalactoside acylated with coumaric acid (peak 5) were identified in
shalgam juice [68, 107, 115].

Anthocyanins in shalgam juice are cyanidin-based anthocyanins, which can be found in
blackberries, elderberries, black carrots, sweet potatos and red cabbages [80]. Cyanidin-
based anthocyanins are substitued with sugars such as glucose, xylose, galactose and

sophorose and most of these anthocyanins are found in acylated forms [80].

The anthocyanin cyanidin-3-xylosyl-glucosyl-galactoside acylated with ferulic acid was
found as the dominant anthocyanin with the ratio of 47.81% (area). The acylated
anthocyanins were found as 69.7% of the total anthocyanins in shalgam juice. This is also

supported with the literature which demonstrates that black carrots are rich source of
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acylated anthocyanins [79]. The dominant anthocyanin of black carrots was determined as
cyanidin-3-xylosyl-glucosyl-galactoside acylated with ferulic acid with the ratio of 43-84%
of total anthocyanins, similar to our findings [79]. Acylated anthocyanins in black carrots
were also found in the range of 55-99% of total anthocyanins [79]. The anthocyanin profile
of shalgam juice was shown to have similar individual anthocyanins in literature [79, 125,
134]. In a previous study investigating the relation between the anthocyanin content and
product quality in shalgam juice, black carrots were determined as the only sources of
anthocyanins in shalgam juice [125]. Cyanidin-3-xylosyl-glucosyl-galactoside acylated
with ferulic acid was found as the dominant anthocyanin in shalgam juice with the
concentration of 48.4% of total anthocyanins and the ratio of acylated anthocyanins to
nonacylated anthocyanins was determined as 2.7 [125]. It was also stated that non-acylated
anthocyanins in shalgam juice were degraded faster than acylated anthocyanins, which
were found as dominant anthocyanins in shalgam juice and are more stable to heat, pH and
environmental conditions because of their ability to prevent nucleophilic attack of water
[79, 125, 134]. Storage temperature as well as storage time was determined as a factor
affecting the anthocyanin stability in shalgam juice [125, 134]. The rate of degradation of
anthocyanins in shalgam juice was highest when samples stored at 40 °C, compared to
samples stored at 4°C and 25°C [125]. Degradation of anthocyanins also increased with
time (0-17 months) and nonacylated anthocyanins degraded more rapidly than acylated

ones during storage [134].

For more information on the properties of anthocyanins, quantification of individual
anthocyanins is needed. Although there is no quantitative data on the individual
anthocyanins of shalgam juice, in literature total anthocyanin amount was found in the
range of 67.5-168.23 mg/L as cyanidin-3-glucoside using spectrophotometric methods in
commercial and lab-scale produced shalgam juices [106, 122, 131, 132]. In a previous
study [131], it was found that total anthocyanin concentration (129-149 mg/L) was affected
by the black carrot amount in production. Since black carrot is the source of anthocyanins
in shalgam juice, increasing amounts of black carrots resulted with higher concentration of
anthocyanins in final product [131]. In the study of Utus [132], the effect of various sizes
of black carrot usage on the anthocyanin amount was investigated and highest
concentration (145.60 mg/L) was found in the shalgam juices produced with 3 cm black

carrot, while lowest concentration (120.18 mg/L) was found in the shalgam juices
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produced with 9 cm black carrot. In another study, the effect of starter cultures on the total
anthocyanin content was determined and the highest anthocyanin amount (168.23 mg/L)
was found in shalgam juices produced without a starter culture, while lowest anthocyanin
concentration (104.04 mg/L) was found in shalgam juices produced without a bulgur
dough (first) fermentation [106].

As a fermented juice, microflora of shalgam juice may also affect the phenolic contents of
the product [151]. Although there is no directly related study about the effect of lactic acid
bacteria on anthocyanins, structure of other phenolic compounds such as phenolic acids
can be changed by enzymes such as decarboxylase enzymes produced by Lb. plantarum
species [152]. Anthocyanins may also affect LAB viability and growth in fermentation by
either inhibiting or promoting the growth of microorganisms [151, 153]. However, in this
study, the effect of microorganisms on anthocyanins in shalgam juice was not examined

and still needs to be studied.
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Figure 4.2. a. Anthocyanins in shalgam juice were determined as (1) cyanidin-3-xylosyl-
glucosyl-galactoside, (2) cyanidin-3-xylosyl-galactoside, (3) cyanidin-3-xylosyl-glucosyl-
galactoside acylated with sinapic acid, (4) cyanidin-3-xylosyl-glucosyl-galactoside
acylated with ferulic acid and (5) cyanidin-3-xylosyl-glucosyl-galactoside acylated with

coumaric acid. b. The ratios of individual anthocyanins

4.2. TOTAL PHENOLIC CONTENT AND ANTIOXIDANT PROPERTIES OF
SHALGAM JUICE

Total phenolic contents (TPC) and antioxidant capacities as ABTS and DPPH radical
scavenging activity, and ferric reducing ability (FRAP) of commercially available shalgam
juices is given in Table 4.4. As stated before, antioxidant capacity and total phenolic
content of black carrot juice and a commercially available pomegranate juice is used for

comparison of the shalgam juice results (Table 4.4).
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Table 4.4. Antioxidant capacity and total phenolic content of shalgam, black carrot and

pomegrate juices

ABTS DPPH FRAP
S I ( 1 ( 1 ( 1 TPC
amples pmo umo umo
(ng GA/mL)
TE/mL) TE/mL) | TE/mL)
Aal 3.42+0.09% | 4.44+0.65% | 2.26+0.32% | 517.21+72"
Aa2 2.98+0.15" | 4.1240.15%® | 2.01+£0.17% | 448.71+10“
Ab1 3.32+0.09% [ 4.54+0.09%® | 2.66+0.25™" | 463.79+18"
Ab2 3.51+0.09% [ 4.30£0.29% [ 2.23+0.11% | 460.71+20%
Bl 3.58+039%° [ 3.82+0.02% | 2.49+0.12"" | 516.20+13"
B2 3.63+1.21%¢ | 4.18+0.16® | 2.49+0.69" | 445.39+181%
C1l 3.96+0.16° | 5.9642.39% | 2.85+£0.03™° | 570.41+30™
C2 3.394£0.09% | 4.95+0.09" | 2.90+£0.19% | 561.23+14"
D2 2.43+0.09° 3.53+0.27° | 1.91£0.047 | 387.24+36°
El 4.37+0.14° 4.21+0.44% | 3.6120.23% | 754.44+9.59°
E2 3.94+0.46™ 3.89+0.14%® | 3.19+0.05%® | 684.24+11.42%
*Black carrot juice (Adana) 10.68+0.15 15.26+1.68 | 7.48+0.54 1785.40+ 63,8
*Black carrot juice (Istanbul) 6.95+0.42 10.16+0.54 | 3.72+0.00 -
Pomegranate juice 17.63+0.98 24.10+£2.45 | 13.52+1.12 | 2498.05+77
*Juices were freshly peeled and squeezed from black carrots
“Means + SD followed by the same letter, within a column, are not significantly different (p<0.05)
Aal-C1: commercial regular shalgam juices, Aa2-D2: commercial hot shalgam juices, E1: regular home-made shalgam
juice, E2: hot home-made shalgam juice

In ABTS radical scavenging activity assay, the change in the absorbance by antioxidants
was measured at 734 nm at 4th minute. As seen from Table 4.4, ABTS values of different
brand shalgam juices ranged between 2.43 pumol TE/mL and 4.37 pumol TE/mL. The
highest antioxidant capacity was found in E1, home-made regular shalgam juice with 4.37
umol TE/mL ABTS value. It had significantly higher antioxidant capacity when compared
to shalgam juices with lowest antioxidant capacity, such as D2 and Aa2 (p<0.05). The
reason might be coming from home-made shalgam juice is produced in small scale and
may have not been stored as long as commercial products suggesting that shorter storage
time might be effective on antioxidant capacity since anthocyanins of shalgam juice was
affected by the storage conditions [125]. Also, when compared to shalgam juices with high

antioxidant capacity, D2, commercially available hot shalgam juice produced in Izmir had
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lower antioxidant capacity in ABTS assay. However, the black carrots used in production
were supplied from the same area (Konya) as others suggesting that the storage conditions,
cultivar of black carrots or production method used by this company might be different

than others.

On the other hand, as expected, the antioxidant capacities of black carrot juices were
significantly higher than shalgam juices (p<0.05). The black carrot juice provided from
Company A showed significantly higher ABTS value (10.68 umol TE/mL) than black
carrot bought from market (6.95 umol TE/mL). The reason might be the differences in the
cultivar and storage conditions of the black carrots. Because of the high antioxidant
capacity [99], commercially available pomegranate juice is also used as a control. In our
studies, the ABTS result of pomegranate juice was found as 17.63 pmol TE/mL which was
in the same range with literature [154]. According to our results, while shalgam juice had
similar antioxidant capacity to apple (3.6 umol TE/mL) and orange juices (4.2 pumol
TE/mL) in ABTS assay, the antioxidant capacity of black carrot juice was comparable to
that of cranberry juice (10.4 umol TE/mL) [99].

DPPH method for antioxidant analysis measures antioxidants' ability to reduce DPPHe,
thus the change of color at 515 nm. The antioxidant capacity of shalgam juice, determined
with DPPH assay was found in the range of 3.53 pmol TE/mL and 5.96 pmol TE/mL as
seen in Table 4.4. The highest antioxidant value was obtained from Company C's regular
shalgam juice, with 5.96 umol TE/mL DPPH value, compared to that of shalgam juices
with lower antioxidant capacity, such as D2 (p<0.05). The antioxidant capacity of shalgam
juice is related to the anthocyanin content of black carrot which can be affected by pH and
storage conditions [80, 125]. Therefore, the differences between different brands of
shalgam juices can be explained by their production method and storage conditions. The
antioxidant capacity of black carrot juices was 10.16 and 15.26 pmol TE/mL, which was
significantly higher than shalgam juices and similar to ABTS assay, black carrot juice
provided from Company A showed higher DPPH value than black carrot juice obtained
from the supermarket (Table 4.4). DPPH radical scavenging activity of pomegranate juice
was found as 24.10 umol TE/mL and was in the same range with literature [154]. In this

study, while antioxidant capacity of shalgam juices was similar to plum juices (4.6 umol
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TE/mL) black carrot juices showed similar antioxidant capacity to cherry and raspberry
juices (10.0 and 13.4 umol TE/mL, respectively) as determined by DPPH assay [155].

FRAP method measures the color change when ferric salt Fe (111)(TPTZ).Cl; reduced to Fe
(IN(TPTZ),Cls by antioxidants at acidic pH at 593 nm. The antioxidant capacity of
shalgam juice samples in FRAP assay was found between 1.91 umol TE/mL and 3.61
umol TE/mL. The highest antioxidant capacity among the samples was found in home-
made regular shalgam juice (E1), with 3.61umol TE/mL and it was significantly higher
when compared to that of lower FRAP values. The lowest antioxidant capacity was found
in samples Aa2 (2.01 pumol TE/mL) and D2 (1.91 pmol TE/mL), which was significantly
higher when compared to shalgam juices with high FRAP values such as E1. Black carrot
juices, obtained from Company A and supermarket showed significantly higher (p<0.05)
antioxidant capacity than all shalgam juices with 7.48 umol TE/mL and 3.72 pmol TE/mL,
respectively. Similar to ABTS and DPPH radical scavenging activity assays, pomegranate
juice's antioxidant capacity in FRAP assay was found within the range of previous studies
(as 13.52 umol TE/mL) [154]. Comparably, the study of Herken & Guzel [100] showed
that the antioxidant capacity of commercially available juices (apple, apricot, orange and
peach) in FRAP assay were 2.0 umol TE/mL, 2.2 umol TE/mL, 2.9 umol TE/mL and 2.4
umol TE/mL, respectively. On the other hand, FRAP values of black carrot juice were
close to sourcherry and strawberry juices (4.6 pmol TE/mL and 4.1 pmol TE/mL,
respectively) [100] except that one of the black carrot juice analyzed in our study, which
was obtained from Adana) showed higher antioxidant capacity then black carrot juice

obtained from Istanbul.

Total Phenolic Content (TPC) of juices was determined by the Folin-Ciocalteu assay at
760 nm using gallic acid standard curves. TPC of shalgam juices was found in the range of
387.24 and 754.44 pg GAE/mL with no significant difference among shalgam juices
irrespective of the heat process and the content (regular or hot) of different companies
(p<0.05), except E1 and D2. Similar to antioxidant capacity results, E1, home-made
regular shalgam juice and D2, commercial hot shalgam juice has significantly higher and
lower TPC compared to other shalgam juices. Total phenolic content of black carrot was
found as 1785.40 pg GAE/mL and similar to antioxidant assays, is significantly higher

than all shalgam juices. Shalgam juice had a similar total phenolic content with apple and
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orange juices, which were 339 and 755 ug GAE/mL, respectively [97]. The total phenolic
content of pomegranate juice was found as 2498.05 mg GAE/mL. This value is in the
range of literature (2566 mg/L) [154].

In literature, although there are no studies on the analysis of antioxidant capacities of
commercially available shalgam juices, the studies on black carrot and shalgam juice
extracts are present [114-116, 136]. Different than our study, the antioxidant capacity and
total phenolic contents of ethanol extracts instead of final product of shalgam juice, black
carrot and black carrot concentrate was determined by Oztan [136] with DPPH, ABTS,
FRAP and Folin Ciocalteu methods and expressed as TE/g (DPPH), mM TEAC (ABTYS),
ascorbic acid equivalent/mL (FRAP) and GAE/g (TPC). The highest TPC among samples
was found in black carrot concentrate extract (15500 ug GAE/g) followed by black carrot
and shalgam juice extracts (1078 ug GAE/g and 1052 ug GAE/g, respectively). Similarly,
in DPPH (294.64 pmol TE/g) and ABTS (3mM TEAC) assays, the antioxidant capacity of

black carrot concentrate extract had the highest antioxidant capacity among samples [136].

The antioxidant capacity of ethanol and water extracts of black carrot was determined also
with the oxidation of B-carotene and found as 73.0% and 61.8%, respectively [113]. In
another study, lipophilic and hydrophilic extracts of freeze dried black carrots were also
used for antioxidant capacity determination with ABTS and DPPH methods and the
hydrophilic extracts of black carrots showed highest antioxidant capacity among colored
varieties of carrots with 0.28 and 0.13 umol TE/mg values in ABTS and DPPH assays,
respectively [116]. Black carrot’s antioxidant capacity was found to be affected by the
process, enzyme treatment and drying method [114, 115]. Total phenolic content and
antioxidant capacity of heated and with pectinase enzyme treated black carrot juices were
determined and TPC of black carrot juices, used as control, was found as 3000 ng
GAE/mL while antioxidant capacity was found as 23 pumol TE/mL in FRAP assay, which
was higher than our findings. Antioxidant capacity of dried samples were measured using
DPPH method and the concentration to decrease the 50% of the radical of raw carrot was
found as 30.23 mg sample/mg DPPH while the concentration needed for dried samples
varied from 61.44 to 7.80 mg sample/mg DPPH [114].



72

The comparison between the methods of antioxidant capacity determination cannot be
made directly [91]. However, in all methods tested in this study, the antioxidant capacities
of E1 was found significantly higher when compared to that of lowest values such as D2.
The antioxidant capacities and total phenolic contents of shalgam juices are similar to fruit
juices such as apple and orange juices, which are considered as healthy beverages.
Therefore, it can be said that shalgam juice has an indicative antioxidant potential in vitro.

However, further in vivo analysis and bioavailability studies are required.

4.3. ENUMERATION AND IDENTIFICATION OF LACTIC ACID BACTERIAIN
SHALGAM JUICE

4.3.1. Enumeration of Microorganisms

Enumeration and identification studies were carried out using the non-heat treated regular
shalgam juice of Company A, Aal. Lactic acid bacteria as Lactobacillus spp., Lactococcus
& Streotococcus spp., total aerobic microorganisms and yeasts & molds were enumerated

for both dough and shalgam juice by using classical culturing techniques (Table 4.5).

Table 4.5. The Lactobacillus spp., Lactococcus and Streptococcus spp., aerobic

microorganisms and yeast and molds contents (Log CFU/mL) of dough and shalgam juice

Dough Shalgam

(Log CFU/mL) (Log CFU/mL)
Lactobacillus spp. 8.65+0.14 4.09 +0.08
Lactococcus & Streptococcus spp. 8.69+0.11 2.90 +0.01
Yeasts and molds 8.82+0.14 5.05+0.03
Total Aerobic Microorganisms 7.74 +£0.07 2.89+0.11

While the population of Lactobacillus spp. in shalgam juice enumerated on MRS agar was
4.12 Log CFU/mL, Lactococcus & Streptococcus spp. enumerated on M17 agar were 2.90
Log CFU/mL in final product. In previous studies, the amount of lactic acid bacteria
present in shalgam juice were determined by only cultivating on MRS agar and the

population changed between 4.00-8.95 Log CFU/mL in commercial and lab-scale
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produced products [29, 122, 130-132]. In commercially available shalgam juices, the LAB
count in final product was found between 4.00-7.97 Log CFU/mL [122, 128, 130]. In a
controlled production study examining the growth and occurrence of LAB during shalgam
juice fermentation in commercial and lab-scale production, it was observed that LAB
levels were increased during fermentation until the amount of 9.01 Log CFU/mL, and then
decreased at the end of the fermentation (7.34-8.23 Log CFU/mL) [29]. The microflora of
shalgam juice depends on the amount of the black carrot and the type and origin of
sourdough used in the production and different fermentation techniques during the process
[131, 132]. Giines [131] studied the effect of black carrot amount on shalgam juice quality
and observed that the LAB count increased with the increase in the amount of black carrot
and the highest LAB count was obtained when 20% black carrot was used (8.95 Log
CFU/mL). In another study, the LAB counts in shalgam juices produced with 3, 6, and 9
cm black carrots were examined and found that the size of the black carrot was not
effective on the microbial population of shalgam juice (7.46-7.49 Log CFU/mL) [132].
While the addition of starter cultures such as Lb. plantarum, Lb. fermentum and Lb.
paracasei subsp. paracasei strains had increased the LAB counts during fermentation,
shalgam juice production with a one-step fermentation (without a prior dough
fermentation) has shown lower LAB counts and the final LAB population was found in the
range of 7.43-7.74 Log CFU/mL [106].

Similar to results found in literature (7.1-8.9 Log CFU/qg) [29, 131, 132], the amount of
Lactobacillus spp. and Lactococcus & Streptococcus spp. in dough (provided after first
fermentation step of Company A) were higher than shalgam juice and found as 8.65 Log
CFU/g and 8.70 Log CFU/g, respectively. The decrease in the population of LAB in
shalgam juice compared to sourdough can be explained by the decline of the medium pH
level because of the increase in organic acids during fermentation. When the growth
pattern of LAB in shalgam juice fermentation was examined, it was reported that LAB
counts increased in the beginning of the fermentation then a small decrease could be
observed at the end of the fermentation [29, 131, 132].

Total mesophilic aerobic bacteria was also determined and found as 2.89 and 7.74 Log
CFU/mL in shalgam juice and dough, respectively. In literature total mesophilic aerobic

bacteria counts of shalgam juice and dough was found as 3.25-8.57 Log CFU/mL and
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7.17-9.03 Log CFU/qg, respectively [111, 112, 117, 130, 131]. Similar to LAB counts, there
was a significant decrease in total aerobic bacteria counts at the end of the fermentation
(p<0.05) because of the decrease in pH. The changes in the population can also be

explained by the temperature and seasonal variations of raw materials [37].

Yeasts and molds in shalgam juice originated from the raw materials or environment. Total
yeast and mold counts of shalgam juice were determined as 5.05 Log CFU/mL in shalgam
juice. This result is similar to the literature values which are in the range of 4.4-8.15 Log
CFU/mL [122, 130-132]. In dough, the total yeast and mold count was found as 8.82 Log
CFU/g, which is in the literature range of 7.19-8.95 Log CFU/g [131, 132] and
significantly higher than shalgam juice (p<0.05). Sodium benzoate (0.02%), a sodium salt
of benzoic acid is used in shalgam juice to control the spoilage and growth of yeasts and
molds [122]. Benzoic acid inhibits the yeast growth, therefore the decline in total yeasts
and mold counts in final product can be explained by the addition of sodium benzoate to

final product and also decrease in pH during fermentation [22, 122].

4.3.2. ldentification of LAB in Shalgam Juice

Flavor, aroma and texture attributes of shalgam juice, as a lactic acid fermented beverage
are affected by the properties of microflora of the product. The lactic acid bacteria in
shalgam juice fermentation mostly comes from the bulgur dough as well as other sources
such as ingredients and the tanks used in production [106]. The microflora of shalgam
juice was determined in previous studies by conventional methods based on
morphological, physiological and biochemical characteristics of bacteria [29, 106, 128,
130, 135]. In this study, identification of LAB in shalgam juice was carried out using
species-specific PCR to get more accurate information about LAB of shalgam juice since
identification based on molecular methods are found to be more accurate, especially for
closely related species [51]. The PCR results for amplification of total DNA extracted from
shalgam juice with species-specific primers showed bands between 100 and 200 bp which
were the expected amplified product sizes of DNA (Figure 4.3) [143].
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Figure 4.3. The bands of PCR products from the amplification of total DNA directly

extracted from shalgam juice with species-specific primers were found between 100-200

bp

The amplified target DNAs were compared by published sequences of LAB species from
the NCBI nucleotide sequence database with the BLAST search program (Table 4.6). As
seen in Table 4.6, a total of 21 Lactobacillus species and subspecies were identified from
shalgam juice with 88-97% homology with the sequences which were retrieved from
Genbank accession numbers. Homology between the identified species and the sequences
in the database should be above 70% for precise identification [68].The results of our study
showed 88-97% similarities with previously identified species in literature. Among
identified species, while Lactobacillus plantarum subsp. plantarum ATCC 14917, Lb.
casei ATCC 334, Lb. brevis and Lb. helveticus were detected from the isolated colonies of
shalgam juice and of dough, the rest of the species were identified directly from shalgam
juice. Other than Lb. plantarum, Lb. brevis, Lb. paracasei subsp. paracasei and Lb.
delbrueckii, which had previously been phenotypically identified in shalgam juice, the
present study was first to genotypically (using 16S rDNA) identify all the species and
subspecies shown in Table 4.6 [29, 128, 130, 135].



closest relatives available in the NCBI nucleotide sequence database

GenBank
Homology
Bacterial species %) Accession no. | Reference
of strain

Lactobacillus plantarum and subsp.

Lb. plantarum subsp. plantarum ST-I11

chromosome 96 NC_014554.1 [156]

Lb. plantarum JDM1 96 NC_012984.1 [157]

Lb. plantarum subsp. 92 AJ965482 -

Lb. plantarum subsp. argentoratensis 92 AJ640078 [158]
Lactobacillus casei group

Lb. casei ATCC 334 97 NC_008526.1 [159]

Lb. casei 93 D16552 [160]

Lb. casei subsp. casei 93 AF469172 [161]

Lb. paracasei subsp. paracasei 93 D79212 [160]

Lb. paracasei subsp. tolerans 93 AB181950 [162]
Lactobacillus brevis

Lb. brevis ATCC 367 94 NC_008497.1 [159]

Lb. brevis 93 M58810 -

Lb. parabrevis 93 AM158249 [65]
Lactobacillus delbrueckii group

Lactobacillus delbrueckii subsp. lactis 92 AY050173 [163]

Lactobacillus delbrueckii subsp.

delbrueckii 92 AY773949 [163, 164]

Lactobacillus delbrueckii subsp. indicus 92 AY421720 [166]
Lactobacillus acidophilus group

Lactobacillus acidophilus 95 AYT773947 [61]

Lactobacillus gasseri 92 AF519171 [158, 166]
Lactobacillus helveticus 94 AM113779 [168]
Lactobacillus helveticus DSM 20075 - ACLM0100020 ]
contig00259 2.1
Lactobacillus reuteri 93 L23507 -
Lactobacillus sharpeae 91 M58831 -
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Table 4.6. Percentage (%) similarity of the partial 16S rRNA sequences of the LAB to their
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Identified species were classified and also put into a phylogenetic tree according to the
homology results obtained from the BLAST search as seen in Figure 4.4. ClustalW

software was used to this sequence tree presentation based upon the alignments.

0.1322

Lactobacilius paracasei subsp. tolerans
Lactobacillus paracasei subsp. paracasei
Lactobacilius casei subsp. caset
Lactobacillus casei

Lactobacillus sharpeae

Lactobacillus plantarum subsp. argentoratensis
Lactobacillus plantarum subsp.
Lactobacillus plantarum subsp. plantarum
Lactobacillus plantarum JDM1
Lactobacillus brevis ATCC 367
Lactobacillus brevis

Lactobacillus parabrevis

Lactobacillus reuteri

Lactobacillus helveticus

Lactobacillus helveticus DPC 4571
Lactobacillus acidophilus

Lactobacilius delbrueckii subsp. lactis

Lactobacillus delbrueckii subsp. indicus

Lactobacillus delbrueckii subsp. delbrueckii

Tl

Lactobacillus gasseri

Lactobacillus casei ATCC 334

Figure 4.4. Phylogenetic tree of species of Lactobacillus and related taxa

Lactobacillus plantarum and its different strains (Lb. plantarum JDM1) and subsp. (Lb.
plantarum subsp. plantarum, Lb. plantarum subsp. argentoratensis) were identified both
directly from shalgam juice and isolated colonies. It had 92-96% homology (Table 4.6)
with previously described Lb. plantarum isolated from kimchi and vegetables when
compared sequences in the database [156]. In literature, Lb. plantarum was reported as the
predominant lactic acid bacteria at the beginning, middle and end of the shalgam juice
fermentation with a concentration of 7.19-8.17 Log CFU/mL using commercially available
kits (API) based on the phenoytpical properties of LAB [29, 128, 130]. Similarly, Lb.
plantarum species was also identified by Erginkaya and Hammes [135] in lab scale
produced shalgam juices with biochemical and phenotypical methods. However, other
subspecies and strains such as Lb. plantarum subsp. plantarum, Lb. plantarum subsp.
argentoratensis, were only identified with molecular methods used in this study suggesting
that species-specific PCR based on 16S rDNA method provided more detailed information
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on microflora in subspecies level. Lb. plantarum species are facultative heterofermentative
and pH resistant lactic acid bacteria species found in dairy, meat, sourdough and vegetable
fermentations and products such as cheeses, sausages, olives and wines [30, 42, 169]. In
fermented vegetable juices such as beet, cabbage, carrot and tomato juices Lb. plantarum
strains are used as starter cultures [14, 15, 16]. Lb. plantarum strains are considered as
safe and used in commercial probiotic products due to their beneficial health effects such
as cholesterol reducing, natural immune response improving properties and protective

effects against intestinal infection in numerous studies [42, 169].

Lactobacillus casei group, Lb. casei, Lb. casei subsp. casei, Lb. paracasei subsp.
paracasei, Lb. paracasei subsp. tolerans were also identified from both shalgam juice and
isolated colonies using species-specific PCR based on 16S rDNA (Table 4.6 and Figure
4.4). Among these, while Lb. casei ATCC 334 was shown 97% homology with previously
described strain [159] isolated from fermented vegetables, other Lb. casei group LAB had
93% homology [160, 161, 162]. On the other hand, in literature, among the Lactobacillus
casei group, only Lb. paracasei subsp. paracasei was determined as one of the
predominant LAB species in commercially available and lab scale produced shalgam juice
during fermentation using commercial identification kits [29, 53, 128, 130, 170] Lb. casei
group are found in many habitats, including dairy products, sourdough, mouth and
intestines [171] and used as starter cultures in dairy products, commercially available
probiotic products and fermented vegetable juices [14, 16, 39, 170]. Health benefits of Lb.
casei are well documented as a probiotic. Some of the effects includes antitumor,

immunostimulatory and antimicrobial activities [39].

Other species identified directly from shalgam juice and the isolated colonies, were
Lactobacillus brevis. It had 94 and 93% homology with two different strains, of which
genome sequences were reported in literature found in fermented plant products [30, 159].
Lb. brevis is an obligate heterofermentative LAB, which was determined as one of the
predominant lactic acid bacteria in commercially available shalgam juices during and at the
end of the fermentation in previous studies in which identification was made with methods
based on phenotypical and biochemical properties of microorganisms [29, 130, 135]. Lb.
brevis is also used in the production of fermented tomato juice as a starter culture and

identified in fermented fruit juices such as hardaliye [20, 22]. Lb. parabrevis is a newly
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proposed taxon of Lb. brevis (Figure 4.4) which is facultatively heteromermentative LAB
and was also identified in shalgam juice with 93% homology with previously described Lb.
parabrevis isolated from farmhouse red Chesshire cheese [65]. Lb. brevis species can be
found mostly in sourdough fermentation [171] suggesting that Lb. brevis found in shalgam
juice might be coming from dough. The same strain may also cause spoilage in vegetable
products [171]. Although Lb. brevis is not used as probiotic in commercial products, it’s
proposed as probiotic due to its beneficial effects such as immune system stimulation,
antagonistic effects towards potentially harmful microorganisms and adhesion properties to
intestine [44, 45]. However, Lb. brevis was not suitable as being the only strain in
fermentation since use of only some Lb. brevis strains was not enough to acidify the
product [45]. However, it was suggested that Lb. brevis can be used as a supplementary

strain in fermented products along with other Lactobacillus strains.

Lactobacillus delbrueckii group, Lb. delbrueckii subsp. lactis, Lb. delbrueckii subsp.
delbrueckii, Lb. delbrueckii subsp. indicus were identified from shalgam juice directly but
not in isolated colonies. They showed 92% similarity with species identified previously
[163, 164, 165]. Among these species, only Lb. delbrueckii subsp. delbrueckii was found
in literature, in the beginning of the fermentation in the commercially available shalgam
juices however, it was not present in later steps of fermentation and in the final product
most probably because of the decrease in the pH [130]. Phenotypical methods are based on
the cultivation, only viable microorganisms can be identified. In our study, identification
was done with DNA-based methods which can provide information on microflora even the
species are not viable. Lb. delbrueckii group bacteria are obligate homofermentative LAB
and ferment glucose strictly to lactic acid. [171]. Lb. delbrueckii subsp. lactis is found in
starter cultures in cheese production and Lb. delbrueckii subsp. delbrueckii is related to
sourdough fermentation [171, 172].

Lb. acidophilus and Lb. gasseri were two of the bacteria identified in shalgam juice
directly. They are classified as Lactobacillus acidophilus group bacteria and are closely
related (Figure 4.4) [171]. Therefore, they cannot be differentiated with phenotypic
methods but molecular methods can be used to identify them [171]. Lb. acidophilus found
in shalgam juice had 95% homology with strains isolated from probiotic dairy products,

yogurt and milk powder, in literature [61] and Lb. gasseri had 92% similarity with
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previously described Lb. gasseri [159, 167] isolated from vegetable fermentation. Lb.
acidophilus group bacteria are obligate homofermentative LAB and can be found in dough
and dairy products [39, 172]. Lb. acidophilus is used in acidophilus milk and considered a
probiotic strain. Probiotic properties of Lb. acidophilus includes antagonistic effects
against enteropathogenic bacteria, inhibition of carcinogenic products by short chain fatty

acids, antimutagenic effects and immunomodulation [39].

Lactobacillus helveticus was also identified from shalgam juice with 94 and 88%
homology with two different strains, which were previously isolated from cheese [168].
Lb. helveticus is closely related to L. acidophilus group (Figure 4.4). This species can be
found mostly in dairy products and dough and is an obligate homofermentative LAB
species [171, 172]. Lb. helveticus is found to be immunomodulatory and antimutagenic due

to its peptide compounds released in fermented milk products [173, 174].

Lactobacillus reuteri, an obligate heterofermentative LAB, was identified in shalgam juice
and had 93% homology with Lb. reuteri, which was retrieved from Genbank accession
number. It has gained attention due to the probiotic functions of its product, reutocyclin
[171]. In previous shalgam juice studies, while Lb. reuteri was not identified in shalgam
juice Lb. fermentum was found [29, 130, 135]. The reason for this might be even they're
not closely related in genome level, it is hard to distinguish Lb. reuteri and Lb. fermentum
from each other using phenotypic methods [171]. Lb. reuteri is mostly found in
gastrointestinal tract of humans but it also has been identified as a predominant LAB in
sourdough as well as cereal products [172]. The most important feature of Lb. reuteri is
reutocyclin, an antibiotic substance produced during fermentation, which is effective
against some of the gram negative bacteria and some lactic acid bacteria species, therefore
proposed as a preservative in bread production [175].

Lactobacillus sharpeae, an obligate heterofermentative LAB species, was identified from
shalgam juice directly and it has 91% homology with previously reported Lb. sharpeae in
Genbank. This species can be found in meat products, however its properties are not

widely known [176].
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Some of the LAB in shalgam juice (Lb. pentosus, Lb. buchneri, Lactococcus lactis subsp.
lactis and Leuconostoc mesenteroides subsp. mesenteroides/dextranicum) couldn't be
identified in our study using molecular methods, although they were detected in a very
recent study [29, 130]. Species-specific PCR is a reliable method to distinguish closely
related lactic acid bacteria however only previously designated species can be amplified
with the species-specific primers and primers for species with no gene sequence
information cannot be developed [170]. Therefore, to identify other species, new primers
targeting wanted species should be designed according to the recent publication. Also,
some species can’t be identified due to the reduced PCR sensitivity due to complex food
matrix [67]. Use of other techniques such as plasmid profiling, the analyses of fragment
length polymorphisms (RFLP, ribotyping), pulse-field gel electrophoresis (PFGE),
randomly amplified polymorphic DNA (RAPD), and different culture-independent
strategies (DGGE, TGGE) might be useful for more detailed analysis [177].

4.4. CYTOTOXIC EFFECT OF SHALGAM JUICE

Phenolic compounds, especially anthocyanins are known to have anti-proliferative effects
against colorectal carcinoma cells mostly due to their antioxidant capacities [178-181].
Anti-proliferative effects of phenolics are mostly investigated by exposing cells to
individual phenolics, however in vivo systems are complex and the food matrix can affect
the structure and properties of phenolics [181]. Therefore, investigating effects of whole
phenolics of a product are more reliable than individual phenolics [181].

In previous studies, anthocyanin rich extracts of black carrots inhibited the proliferation of
colorectal carcinoma cells (HT-29) in a dose dependent manner. Highest concentration of
reconstituted, lyophilised anthocyanin rich black carrot extract (2000png/mL) was shown to
have 80% inhibition in HT-29 colorectal carcinoma cell lines. However, there is no study

on the effect of shalgam juice in colorectal carcinoma cell lines [117].

To determine the potential anti-proliferative effects of shalgam juice, colorectal carcinoma
(Caco-2) cells were treated with lyophilised whole shalgam juice rather than individual
anthocyanins. Black carrot was also used as control since it was shown to have anti-

proliferative effect on colorectal carcinoma cells in previous studies [117]. As seen in
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Figure 4.5, the viability of Caco-2 cells was inhibited by shalgam juice in a dose-dependent
manner (50-6400 ug/mL) with 55.5-91.4% cell viability. Even in low concentrations (50
pg/mL), the viability decreased 8.6% compared to untreated cells. In the highest
concentration (6400 pug/mL), cells treated with shalgam juice showed 55.5 % viability.

The anti-proliferative effect of shalgam juice on cells was higher than black carrot’s
(Figure 4.5) and shown 61.9% viability at the highest concentration (6400 ug/mL). The
reason might be related with the chemical (salt, organic acids, sodium benzoate) and

microbiological composition (LAB) of shalgam juice.
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Figure 4.5. Cell viability in passage 32 Caco-2 cells incubated with shalgam juice and

black carrot

As mentioned in previous sections, as a lactic acid fermented vegetable juice, organic acids
such as lactic acid and acetic acid are found in high concentrations (4.19-8.90 g/L lactic
acid, 1.29-2.65 g/L acetic acid, 1.25-1.10 g/L citric acid) in shalgam juice. The presence of
organic acids decreases the pH and affects the composition of shalgam juice. Cytotoxic
effects of organic acids produced by anaerobic intestinal bacteria, including some of the
organic acids found in shalgam juice such as lactic, acetic and succinic acid, were
investigated in epithelial cells [182]. It was found that organic acids can be cytotoxic in
several epithelial cell lines including colon epithelial cells and can cause apoptosis. Among
organic acids, lactic acid and acetic acid has shown lower cytotoxic effect compared to
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other acids [182]. Since lactic acid and acetic acid are predominant acids in shalgam juice,

they may have antiproliferative activity in Caco-2 cell lines.

Other reason of anti-proliferative effect of shalgam juice can be high concentration (2%) of
salt. Although salt itself is not carcinogenic or mutagenic, it can be cocarcinogenic or
comutagenic when carcinogens and mutagens are present [37]. However, comutagenicity
of salt with raw materials was not observed in fermented products such as kimchi, a
fermented vegetable product [37]. This was also supported with our findings (data not

shown) suggesting that salt had no inhibitory activity in colorectal carcinoma cells [183].

Sodium benzoate is a chemical preservative used in shalgam juice production to prevent
the spoilage by inhibiting the growth of yeasts and molds [122]. However, the
concentration (0.02%) used in shalgam juice production is under the limit of FDA
regulations (0.1%).The previous studies showed that 0.03-0.12% of sodium benzoate did
not have any cytotoxic or carcinogenic effects in rat studies and human lymphocyte cells
[184, 185].

On the other hand, presence of lactic acid bacteria might have anti-proliferative effect on
Caco-2 cells. Lb. casei and Lb. acidophilus strains, which were also found in shalgam
juice, were shown to have anti-proliferative effect on colorectal carcinoma cells (HT-29)
by inhibiting the cell growth 21-28% when they were added to cell lines at the
concentration of 10 CFU/mL [38]. Also, in another study, when LAB were co-cultured
with other probiotic cultures (Bifidobacterium spp.) and glucose, They reduced the
proliferation of colorectal carcinoma cells more [186]. Although shalgam juice as it is now,
does not meet the requirements to be considered as probiotic product (less than 10° viable
bacteria) in the final product, presence of LAB in shalgam juice may still confer some
possible health benefits [39]

Similar to shalgam juice, fruit juices such as grape-orange-apricot juice which were
subjected to gastrointestinal digestion, inhibited the growth of Caco-2 cells 53.4% at 24 h
when they were added at the concentration of 7.5% (V/V) to the culture media [181].
Similarly, fresh and digested fruit juices such as pineapple and red fruit juice containing

raspberries, cherry, red grape, blackberry and blackcurrant inhibited the growth of Caco-2
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cells when they were added to growth medium at 4% concentration. Red fruit juice, which
contains anthocyanins, was shown to have higher anti-proliferative activity than pineapple
juice [187].

Overall, although shalgam juice was found to be cytotoxic in Caco-2 cells, the mechanism
behind anti-proliferative action is still unknown. The anti-proliferative effect may be
caused by anthocyanins or lactic acid bacteria and their end products (organic acids) or by

a combined effect of both. However the source of the effect still needs to be investigated.
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5. CONCLUSION

In this study, chemical and biological characterization of shalgam juice were done by
determining its antioxidant capacity, identifying its microflora using species-specific PCR
based on 16S rDNA and checking its anti-proliferative effects on Caco-2 cell lines in vitro
conditions to determine its preliminary health benefits which can help to understand the

bioactivity of the shalgam juice.

The results of our study showed that shalgam juice had similar in vitro antioxidant capacity
to apple and orange juices. The antioxidant capacity and total phenolic content of 11
different shalgam juices sold in the market were not significantly different from each other
except that home-made regular shalgam juices and sample D2. The differences were
attributed to the storage conditions, production methods or region of the black carrot used

in production.

Also, identification of lactic acid bacteria of shalgam juice with species-specific PCR was
provided valuable information about the microflora of the product. Some of the identified
LAB was previously reported as probiotics due to their functional properties suggesting
that shalgam juice may have probiotic potential in addition to its nutritional properties.

Cytotoxicity studies showed that shalgam juice had anti-proliferative effect on Caco-2 cells
in vitro even though it was not clear whether the effect comes from its anthocyanins

contents or microflora having probiotic properties.

In conclusion, although this study provided detailed valuable information about the
antioxidant and anti-proliferative effects and microbial composition of shalgam juice in
vitro, the mechanism behind possible health benefits of shalgam juice is still not clear and

needs to be studied in future studies, both in vitro and in vivo.
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