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From The Editor

International Journal of Food Engineering Research (IJFER) has been 
publishing by Istanbul Aydın University Faculty of Engineering Department 
of Food Engineering since 2015. The journal covers wide ranges of area such 
as Food Processing, Food Preservation, Food Microbiology, Food Chemistry, 
Biotechnology, Nanotechnology, Novel Technologies, Food Safety, Food Security, 
Food Quality and their related subjects as nutrition, food and health, agriculture, 
economic aspects and sustainability in food production. 

Food Engineering is getting more and more attention because it is directly related 
to human health. While the food and drinks we eat help to protect our health, on 
the other hand, improper conditions during the conversion of the raw material to 
the product, the use of poor quality raw materials, and the employees not working 
under hygienic conditions can cause the food harmful to health. Our aim in this 
journal is to include the recent research and reviews on food and beverages from 
field to fork. Articles submitted to the journal are accepted for publication after 
being reviewed by expert referees. 

In the following years, the journal will include scientific activities such as 
symposiums, congresses, conferences and workshops held in the field of food 
science and technology, and information about the books published in this 
field. We hope that the journal will be a good resource for engineers, experts, 
researchers and students working in the food industry.

Prof. Dr. Z. Dilek Heperkan
Editor
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Research Article

PRODUCTION OF COLD GREEN TEA WITH 
NATURAL ADDITIVES

Atilla Oktamış Tanyıldız, Elif Çulhacı, Meral Yıldırım Yalçın*

1Department of Food Engineering, Istanbul Aydın University, 
34295, Istanbul, Türkiye

*Corresponding author: meralyildirimyalcin@aydin.edu.tr 
ORCID number: 0000-0002-5885-8849

ABSTRACT 

Tea is the product that goes through production stages such as withering, 
rolling, shredding, oxidation and drying after the harvest of 2.5 leaves of 
the Camellia sinensis species. Green tea, known for its health benefits, is 
consumed less than black tea due to sensory features. Cold tea is a product 
that is widely used in the world. The cold teas on the market are made 
with black tea extract and contain various additives to improve its sen-
sory properties. In this study, it was aimed to increase the nutritional and 
sensory properties of cold green tea by adding natural substances: honey 
and lemon juice, and peel. Also, the effects of brewing methods on the 
quality of tea were investigated. Green tea samples containing lemon peel 
were infused by heat-assisted method and ultrasound method. Cold tea 
samples were produced with different concentrations of honey and lemon 
juice addition. The physiochemical parameters (total dry matter, pH, and 
color properties), total phenolic content, antioxidant activity, and sensory 
analysis of the cold tea samples were evaluated. The optimal tea formu-
la determined according to the results is the sample of containing high 
amount of lemon juice. While the total phenolic content was 285.76 ± 2.80 
mg GAE/ 1mL tea and the antioxidant activity was 62.42 ± 6.15 (DPPH 
radical scavenging activity, %) in the green tea sample, the total phenolic 
content was found to be 300.76 ± 3.34 mg GAE/ 1mL tea and the antiox-
idant activity 91.46 ± 1.94 (DPPH radical scavenging activity, %) in the 
sample containing high amount of lemon juice. It was observed that the 
honey and lemon juice addition increased the total phenolic and antioxi-
dant content of the control sample. When the results of the study and the 
1Geliş Tarihi: 04.06.2021 Kabul Tarihi: 19.07.20211
DOI: 10.17932/IAU.IJFER.2015.003/ijfer_v07i2001
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sustainability approach are evaluated, a product that will meet the market 
needs has been obtained.

Keywords: Green tea, Honey, Lemon, Ultrasound, Antioxidant activity.

INTRODUCTION

Tea, which is stated in the sources of China to be found by chance falling 
into boiling water, has spread all over the world and reached many dif-
ferent cultures. About 30 countries, mainly India, Taiwan, and China, are 
involved in tea production. The presentation, consumption, and brewing 
of tea differ from country to country. Merkez Tea Factory started produc-
tion in 1947 as Türkiye’s first tea factory with a capacity of 60 tons/day. 
The private sector serves a daily processing capacity of approximately 9 
thousand tons [1].

Tea polyphenols (catechins) create 30% to 42% of the dry weight of solids 
in brewed green tea. Flavones and flavonols have been detected in tea. 
Quercetin, kaempferol, myricetin, and glycosides are the main flavonols. 
The caffeine level is affected from the brewing time, temperature, and leaf 
size. Flavins are responsible for the bright red color of black tea. Thearu-
bigins, the brown pigment in black tea, are heterogeneous polymers of tea 
catechins. They constitute 60% of the water-extractable material of black 
tea by dry weight. The dominant minerals contained in the water-soluble 
ash of tea are potassium, calcium, magnesium, and aluminum [2]. Green 
tea is loaded with antioxidants and nutritional components; therefore, op-
timum brewing conditions are very important to increase the efficacy of 
green tea [3]. 

Epigallocatechin-3-gallate (EGCG) is a substance that has important prop-
erties such as antioxidant, anticancer, anti-inflammatory, and anti-prolif-
erative effects and is widely used in traditional medicine. It prevents the 
formation of various types of cancer by inhibiting the effect of carcinogen-
ic substances [4]. Studies have proven that the antioxidant EGCG in tea 
has anti-carcinogenic effects. The effects of green tea on cardiovascular 
diseases are also known. It has proven antimicrobial properties against 
gram-positive and gram-negative bacteria. These include Listeria, E. coli, 
Salmonella, and Pseudomonas species. It is proven that it prevents oral 
wounds due to its anti-inflammatory properties [5].
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Türkiye is the second biggest honey producer in the world after China. 
It has a 6.9% share in the world market [6]. While honey consumption is 
common, its adulteration is widespread [7]. Since ancient times, honey 
consumption was common, and its health effects were known [8]. It is a 
natural bee product that has antioxidant, antimicrobial, and anti-inflamma-
tory properties [9]. The major components are complex of sugars and also 
have enzymes, minerals, vitamins, amino acids, and organic acids. Honey 
has low protein content (0.5%) and the proteins are mainly enzymes [10]. 
The chemical composition may differ with climate, flowers, and geogra-
phy [11]. While the major components are carbohydrates, the glycemic 
index of honey ranges from 32 to 87 [12]. It is known that heat treatment 
damages the enzymes and increases HMF (hydroxymethylfurfural) content 
in honey [13].

Lemon is a medicinal plant belonging to the Rutaceae family that grows 
on small trees 10 to 20 feet high. The main producers of lemon, which 
are preferred frequently all over the world, are Mexico, Argentina, Brazil, 
Spain, China, USA, Türkiye, Iran, and Italy. Extracts from other parts of 
lemon, which have alkaloids with anticancer activity, have been reported 
in various studies to have antibacterial potential. The peel of citrus fruits is 
rich in glycosides, coumarins, and flavonoids [14]. Lemon peel is rich in 
substances such as flavonoids, pectin, fiber, and essential oil. For this rea-
son, it is important to evaluate lemon peels in the food industry. It shows 
important effects such as antioxidant, antimicrobial and anti-diabetic prop-
erties. Due to the positive effects of beneficial components in lemon peels 
on health, it can be used in the development of functional foods [15].

In the traditional brewing method, the solubility of tea components is in-
creased by the heating or boiling method [16]. Brewing temperature and 
time are considered the most effective factors for the composition and 
sensory properties of tea infusions. Increasing temperature and time ap-
plications make the infusions dark and bitter. In addition, the antioxidant 
activity, the total phenolic content, and the total flavonoid contents vary 
depending on the brewing temperature and duration. At this point, the 
composition of the tea before brewing is also important. Determining the 
optimum brewing conditions is very important in terms of the composition 
and sensory properties of the prepared tea [17].
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Ultrasonic extraction is an effective process with wide application in 
food processing. It is characterized by high frequency and good penetrat-
ing power [3]. Ultrasonic waves have a frequency of 20 kHz and higher. 
The ultrasonic method has become increasingly popular in recent years 
both to prevent loss due to the negative impact of the active ingredients 
on the temperature and to increase the extraction yield [16]. In ultrason-
ic extraction techniques, the material transfer is supported by increasing 
the breaking effect of the cell walls [3]. The advantages of ultrasonic ex-
traction compared to other methods are that the equipment cost is cheap, 
the process is easy, and the time saving is the case. It is stated that it will be 
more effective in the extraction of antioxidants, phenolics, and anthocya-
nins compared to other methods that require high temperatures and a long 
time. In addition, studies have shown that alkaloids and flavonoids can be 
extracted in extracts obtained from ultrasonic extraction compared to the 
traditional method [18].

The study aims to analyze the effects of different infusion methods on 
green tea’s physicochemical properties and improve sensory acceptance 
by adding lemon derivatives and honey. In the study, the traditional meth-
od of high-temperature infusion and the low-temperature method with ul-
trasound, which is a good extraction method, were used.

MATERIALS AND METHOD

Materials

The green tea used in the preparation of cold green tea was obtained from 
the Çaykur (Rize, Türkiye). The added honey is the Şemdinli flower honey 
of the Baltek company (Istanbul, Türkiye). The lemon and water used in 
the study were bought from a local market in Istanbul. Lemon peels were 
dried at 40 oC for 8 hours in an oven (Suzen, Türkiye). Methanol (Merck, 
Germany), 2,2-Diphenyl-1-picrylhydrazyl (DPPH) (Sigma-Aldrıchand, 
USA), Folin Ciocalteu reagents (Merck, Germany), Sodium carbonate 
(Merck, Germany), Gallic acid anhydrous (ISOLAB chemicals, Germany) 
were used in the study. 



Atilla Oktamış TANYILDIZ, Elif ÇULHACI, Meral YILDIRIM YALÇIN

International Journal of Food Engineering Research (IJFER) Year 7 Num 2 - October 2021 (55 - 68) 59

Preparation of cold tea with traditional method

Since there were 3 different tea formulations and 2 different brewing meth-
ods in the study, 6 different teas were obtained: Traditionally brewed green 
tea (control sample) (GT), Traditionally brewed green tea with high hon-
ey content (HGT), Traditionally brewed green tea with high lemon juice 
content (LJGT), Green tea brewed by ultrasonic method (control sample) 
(UGT), Green tea with high honey content brewed by ultrasonic method 
(U-HGT), Green tea with high lemon juice brewed by ultrasonic method 
(U-LJGT). 

Water (100 mL) was taken into a clean jar and placed in a water bath (Stu-
art SWB2D, UK) previously set at 85 oC. Green tea (2 g) was weighed 
for the sample named GT. Green tea (2 g) and lemon peel (0.2 g) were 
weighed for the sample named HGT and LJGT. All tea samples were trans-
ferred to jars in a constant temperature (85 oC) water bath and infused for 
6 minutes. The samples were filtered (Sartorius Stedim Biotech, France) 
with the help of a strainer and left at room temperature. 9 g of honey and 
1 g of lemon juice were weighed in the beaker for the HGT sample and 6 
g of honey and 4 g of lemon juice for the LJGT sample. These products 
were added to the tea and mixed homogeneously. The prepared samples 
were kept in the refrigerator until the analysis time. Production steps of the 
traditional brewing method were demonstrated in Figure 1. 

Preparation of cold tea by ultrasonic method

The same amounts of the samples by the traditional method were prepared 
for the ultrasound method. The brewing was carried out in an ultrasonic 
water bath (SWB2D, UK) at 25 oC for 30 min and outside the ultrasonic 
bath at 25 oC for 30 min. The stages after brewing were the same as with 
the traditional method. The production steps of the ultrasound proses are 
similar to the traditional one. The only difference is the temperature and 
time.

Physicochemical analyzes

Total dry matter analysis of cold tea samples was made using a drying 
oven (BINDER, Germany) at 105 oC. The color analysis of cold tea sam-
ples was made using Lovibond Tintometer (PFX-880, UK) according to 
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the CIE Lab system (L* Lightness, a*: redness or greenness, b*: yellow-
ness or blueness). The pH analysis of the samples was performed with a 
pH meter (Mettler Toledo, S210, Switzerland).

Figure 1. Production flow chart of traditionally brewed cold green teas 
(GT: control green tea; HGT: green tea with 9:1 ratio of honey: lemon 
juice; LJGT: green tea with 6:4 ratio of honey: lemon juice).

Determination of total phenolic content

The total phenolic content of the cold tea samples was determined accord-
ing to the Singleton and Rossi method with some minor changes. 0.1 mL 
of tea sample and 0.9 mL of distilled water were added to the test tubes 
[19]. The tubes were vortexed by adding 4 mL of 0.2 N Folin-Ciocal-
teu reagent. The samples were covered with aluminum foil and kept for 2 
hours at room temperature and in a dark place. At the end of the period, the 
absorbances were determined by a spectrophotometer (PG Instruments, 
T60UV-Visible, UK) at 760 nm. The total phenolic content of the samples 
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was calculated using the standard curve of gallic acid. Results were ex-
pressed in mg gallic acid equivalent (GAE) per 1mL of tea sample. Analy-
sis of total phenolic content was done in 4 parallels for each sample.

Determination of DPPH Radical-Scavenging Activity

Antioxidant activities of cold tea samples were determined according to 
the Brand – William et al. method with some modifications. 0.1 mL of tea 
samples were taken into test tubes and 3.9 mL of 6 x 105 DPPH was added 
to each tube and then vortexed [20]. The samples were wrapped with alu-
minum foil and kept in a dark place for 30 minutes at room temperature. 
The absorbances of mixtures were measured by the spectrophotometer in 
the 515 nm wavelength against blank. DPPH radical scavenging activity 
(%) was calculated according to the following formula:

DPPH radical scavenging activity (%) = (AbsorbanceBlank – Absorbancesam-

ple) / Absorbanceblank) x 100

Sensory analysis

In the food industry, sensory tests are applied for the acceptability of the 
product [21]. The hedonic scale is the most widely used method for eval-
uating product acceptance among sensory tests [22]. The use of hedonic 
scales allows one sample to be preferred over other samples [21]. In this 
way, panelists’ comments and likes about the product are evaluated [22]. A 
5-point hedonic scale (1 = Very bad, 2 = Bad, 3 = Fair, 4 = Good, 5 = Very 
good) was used for sensory analysis of cold tea samples. The samples were 
evaluated in terms of odor, color, taste, and general acceptability. The sam-
ples were coded with randomly selected 3-digit numbers and presented for 
evaluation by panelists. The sensory analysis was carried out in a noiseless 
environment with a ventilation system and illuminated with white fluores-
cent light. It is important to provide appropriate environmental conditions 
in sensory analysis. The panelists were 17 people from Istanbul Aydın Uni-
versity faculty and students.

Statistical analysis

Analyzes were performed in 3 repetitions in parallel. Results are given 
as mean ± standard deviation. The results were evaluated statistically by 
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applying ANOVA (analysis of variance) and Duncan Multiple Comparison 
test and SPSS (IBM, SPSS Statistics, Version 19) (p=0.05).

RESULTS AND DISCUSSION

Color and pH value of tea samples

The color and pH values of the tea samples are shown in Table 1. For 
the consumer, color is an important criterion. As the ratio of lemon juice 
increased, the L* value of samples also increased, and it was statistically 
significant (p<0.05). After adding honey and lemon juice to green tea, a 
decrease in b* value and an increase in a* value was observed, and it was 
statistically significant (p<0.05). 

Table 1. Color and pH value results of tea samples.

Sample* pH L* a* b*
GT 5.68a ± 0.01 89.66c ± 0.67 -7.69c ± 0.50 30.52a ± 0.68
HGT 3.90c ± 0.01 96.54a ± 0.64 -3.38a ± 0.55 15.09cd ± 0.71
LJGT 3.15f ± 0.01 96.58a ± 0.58 -3.05a ± 0.48 13.97d ± 0.55
U-GT 5.51b ± 0.00 81.02e ± 0.05 -5.51b ± 0.01 19.01b ± 0.01
U-HGT 3.54d ± 0.01 87.97d ± 0.59 -2.90a ± 0.49 15.50c ± 0.63
U-LJGT 3.18e ± 0.00 91.00b ± 0.66 -2.81a ± 0.45 14.54cd ± 0.69

* Data with the same superscript in the same column does not show a significant differ-

ence according to Duncan’s test (p<0.05).

It was found that green tea samples (GT, U-GT) had the highest, hon-
ey-dense samples had the medium (HGT, U-HGT) and lemon juice-dense 
samples had the lowest (LJGT, U-LJGT) pH level and it was found statis-
tically significant (p<0.05). It is believed that the reason for this change is 
the added products and the proportions of these products. It is known that 
the pH of honey is low (3.2-4.5) [23]. For this reason, the sample contain-
ing a high amount of honey is more acidic than the green tea sample. It is 
known that the pH of lemon juice is 2.9 on average [24]. Therefore, it is 
explained that the sample where the lemon juice is dense has a lower pH 
than the sample where the honey is dense.
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Total dry matter results of tea samples

The total dry matter results of tea products are shown in Table 2. The re-
sults of each product revealed statistically significant differences (p<0.05). 
For all samples, it was observed that the traditional method had a higher 
dry matter ratio than the ultrasound method. Ultrasound extraction time 
can be extended to achieve the level of solids transition in the conventional 
method. Among the product types, it has been proven that HGT has the 
highest dry matter and GT has the lowest dry matter. Because honey is a 
low-moisture food with an average moisture content of 17% [23]. The rea-
son why LJGT contains higher dry matter than GT can be because lemon 
contains 8.4% dry matter [15].

Table 2. Total dry matter results of tea samples.

Sample Total Dry Matter* (%)
GT 0.53e ± 0.11
HGT 4.82a ± 0.08
LJGT 3.62c ± 0.08
U-GT 0.32f ± 0.004
U-HGT 4.60b ± 0.13
U-LJGT 2.94d ± 0.06

* Data with the same superscript in the same column does not show a significant differ-
ence according to Duncan’s test (p<0.05). 

Phenolic material and antioxidant activity 

The total phenolic substance and antioxidant activity results of tea samples 
are shown in Table 3. Although there is no statistically significant differ-
ence between the U-HGT and U-LJGT samples, the other samples showed 
a statistically significant difference (p<0.05). The most effective result was 
found in the LJGT sample. The ultrasonic extraction method did not show 
a positive effect in terms of extraction of phenolic compounds compared 
to the traditional brewing method. 

Honey contains lots of bioactive constituents, such as enzymes (glucose 
oxidase, diastase, invertase, catalase, and peroxidase), ascorbic acid, vi-
tamins, proteins, and organic acids [25]. It is known that especially vita-
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min C and glucose oxidase have antioxidant activity in honey [26]. In our 
study, there was no increase in the total phenolic content of the honey-add-
ed samples, while it was observed that the antioxidant activities increased. 
It can be concluded that not all antioxidant activities in honey come from 
the phenolic property. This information explains the relation between the 
antioxidant level and total phenolic compound.

Table 3. Phenolic substance and antioxidant activity results of tea samples.

Sample
Total Phenolic Substance*

(mg GAE/ 1mL tea)

Antioxidant Activity*

(DPPH radical scavenging 
activity, %)

GT 285.76b ± 2.80 62.42b ± 6.15
HGT 277.65c ± 1.64 89.03a ± 2.38
LJGT 300.76a ± 3.34 91.46a ± 1.94
U-GT 247.48d ± 2.03 53.80c ± 3.58
U-HGT 237.37e ± 4.10 90.61a ± 0.56
U-LJGT 237.32e ± 2.69 92.72a ± 0.57

*Data with the same superscript in the same column does not show a significant difference 
according to Duncan’s test (p<0.05).

When the antioxidant activity results of the samples were examined, it was 
determined that the U-LJGT had the highest value. However, it is seen that 
there is no statistically significant difference between LJGT and U-HGT 
(p>0.05). The lowest value belongs to the U-GT and then the GT sample. 
The lowest value reached in green tea samples shows the effect of added 
ingredients.

Sensory analysis results of tea samples

Sensory evaluation results of tea samples are given in Table 4 and Figure 
2. There is no statistically significant difference (p>0.05) in terms of odor 
and color for all tea samples. A significant difference in taste was found in 
the samples with honey and lemon juice compared to the green tea sample. 
When evaluated in terms of general aspect, there is a statistically signifi-
cant difference in the example of the high amount of lemon juice compared 
to the control green tea sample. The addition of honey and lemon to green 
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tea has been shown to improve sensory properties.

Table 4. Sensory analysis results of tea samples.

Sample Odor Color Taste General Aspect

GT 4.12a ± 0.86 4.35a ± 0.79 3.12b ± 0.93 3.59b ± 0.71

HGT 4.06a ± 0.97 4.12a ± 0.93 3.88a ± 0.86 4.12ab ± 0.70

LJGT 4.29a ± 0,99 3.94a ± 0.83 3.88a ± 0.93 4.18a ± 0.88
* Data with the same superscript in the same column does not show a significant differ-
ence according to Duncan’s test (p<0.05).

Figure 2. Sensory analysis results diagram.

CONCLUSION

Cold tea is one of the drinks that is widely consumed in Türkiye and around 
the world. Various additives such as colorants, sweeteners, synthetic an-
tioxidants, and preservatives are used in the products on the market. The 
interest in the consumption of healthy food products is increasing daily. 
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It is proven that the tea formulations prepared in this study are promising 
for the industry. When the total phenolic substance, antioxidant activity, 
and sensory analysis results were evaluated, it was concluded that the best 
formulation was green tea containing a high amount of lemon juice. There-
fore, adding honey, lemon peel, and lemon juice to green tea, can meet the 
market needs because of the high nutritional and good sensory properties.
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ABSTRACT 

Probiotics are organisms that contribute to the intestinal and digestive sys-
tems. Microorganisms that are considered commercial probiotics, most 
often belong to the genus Lactobacillus. Examples of probiotic Lactoba-
cillus species are Lactobacillus acidophilus, L. rhamnosus, L. casei, L. 
plantarum, L. bulgaricus, L. Delbrueckii, and L. helveticus. Lactobacillus 
species are generally recognized as safe (GRAS) organisms. Lactic acid 
bacteria (LAB) are widely used in the production of fermented foods and 
beverages because they produce the desired properties in food and beve-
rages thanks to their fermentation properties. They play an important role 
in ensuring food safety and extending the shelf life of food by producing 
inhibitory metabolites against other undesirable microorganisms while de-
veloping in food. In recent years, non-dairy products, and carriers of pro-
biotics have become more and more used. The main reasons for this are 
lactose intolerance, vegetarianism, and the fact that people want to move 
away from animal foods. Juices are non-dairy matrices for probiotics and 
are compatible with popular dietary options.

Keywords: Probiotic, Fruit juice, Lactic acid bacteria (LAB).

INTRODUCTION

The intestinal microbiota in humans plays a specific role in the physio-
logy and metabolism of the host [1]. Probiotics, on the other hand, are li-
ving microorganisms that have a positive effect on human health by being 
present in the digestive tract of the body. Probiotics are defined as; “live 
microorganisms which when administered in adequate amounts confer a 
1Geliş Tarihi: 11.05.2021 Kabul Tarihi: 07.06.2021
DOI: 10.17932/IAU.IJFER.2015.003/ijfer_v07i2002
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health benefit on the host.” [2]. But in addition to the fact that probiotics 
are consumed regularly and their number is sufficient, these bacteria can 
be found in difficult environmental conditions in the digestive tract (gast-
ric acidity, bile salts, enzymes, etc.) they must be able to maintain their 
viability and reach and colonize the appropriate number of intestines [3].

Probiotics have usually been used in fermented dairy products such as 
kefir, yoğurt, and so on. But for many reasons, such as lactose intoleran-
ce, and vegetarianism, which have appeared in recent years, there is an 
increasing interest in non-dairy probiotic products. Being the main source 
of water-soluble vitamins, minerals, dietary fibers, and phytochemicals, 
fruits play an important role in the human diet [4]. Juices are useful food 
products for health and are regularly consumed by many people. Due to 
the rich content of juices, the absence of allergenic effects, and the fact 
that they can be consumed by everyone, they are quite suitable for the use 
of probiotic cultures [5]. In addition, the fruits have the appropriate matrix 
for probiotic adhesion. Because of this, it is thought that fruits with high 
fiber content, such as apples, will have a protective effect on probiotic 
microorganisms [6]. In accordance with this information; various studies 
have been conducted on the survival of probiotic LAB in fruit juices such 
as apple juice [7], grape juice [8, 9], pomegranate juice [10], as well as in 
juices. In different studies, it has been stated that fruits and vegetables are 
a good food matrix for probiotic bacteria [11, 12]. 

Probiotics in Fruit Matrix

The main purpose of probiotic foods that have positive effects on health is 
for microorganisms to stay in the body longer by being taken into the body 
with different matrices and kept in the intestinal microflora [13]. Most of 
the probiotic microorganisms belong to the genera Lactobacillus, Entero-
coccus, and Bifidobacterium, which are lactic acid bacteria (LAB). Some 
species of Saccharomyces, Streptococcus, Enterecossuc, Pediococcus, 
Lactococcus, Leunocostoc, Bacillus, and Clostridium can also be used as 
yeast and other species of bacteria [14-18]. LAB are a group of microor-
ganisms that produce lactic acid by fermenting Gram-positive, immobile, 
non-spore-forming, rod-shaped or coke-shaped, catalase-negative, aeroto-
lerant, acid-resistant, carbohydrates, and high alcohols [19]. The largest 
group in the LAB is the genus Lactobacillus [20, 21]. As for the species 
that are widely studied probiotics, they usually belong to the genus Lacto-
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bacillus. Probiotic strains belonging to the genus Lactobacillus, which are 
naturally found in the human gastrointestinal tract, are considered GRAS 
(generally recognized as safe) [22]. 

The most important factors affecting the number of living cells contained 
in probiotics are the fermentation time of the product, the storage tempera-
ture, and the oxygen content [23]. A microorganism that will be used as a 
probiotic must remain alive during its passage through the digestive tract. 
For this reason, it must be resistant to enzymes such as lysozyme, pepsin, 
and pancreatin and survive in the gastric environment of the stomach (pH 
1.5-3.0). Probiotic microorganisms, thanks to their resistance to enzymes, 
can reach the intestine without being adversely affected by gastric acidity 
[24]. Compared to dairy products, the survival of probiotics in the fruit 
matrix is more complicated. Because of the acidic structure of the fruits, 
LAB needs to protect themselves from the high acidity in this environment 
[25]. Bile salts are synthesized from cholesterol in the liver and secreted 
from the gallbladder into the duodenum (500-700 ml/day) [26]. These aci-
ds then undergo chemical modifications (dehydrogenation, deconjugation, 
deglucuronidation, and dehydroxylation) due to microbial activity in the 
colon [27-29]. All conjugated and unconjugated bile salts have an antiba-
cterial effect for strains of Escherichia coli, Klebsiella and Enterococcus 
species [26, 30, 31]. Unconjugated bile salts have higher antimicrobial 
activity. The sensitivity of Gram-positive bacteria to bile salts is higher 
than that of Gram-negative bacteria [32, 33]. In vitro resistance tests have 
shown that bifidobacteria are more resistant to bile salts than lactobacilli 
[34, 35]. 

By adding prebiotic components to probiotic juices, improvement in sen-
sory and physicochemical properties and an increase in probiotic survival 
occur [5, 36]. But it is impossible not to mention the definite positive effect 
of the addition of prebiotics on probiotic survival. Because while some 
studies [7] support the positive effect of prebiotics on the development of 
probiotics, some studies [5, 38, 39] have stated that there is no positive 
effect. In addition, it has been stated that processing techniques such as 
peeling and small-piece separation applied to fruits and vegetables will 
have a positive effect on probiotic beverage production by releasing cellu-
lar content in terms of minerals, sugars, vitamins, and other nutrients and 
therefore creating a richer substrate environment for probiotics [40, 41]. 
Table 1 shows the probiotic juice studies produced using different fruit 
matrices and microorganisms.
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Table 1. Probiotic application in fruit juices

Plant matrix Microorganisms References
Apple Lactobacillus casei [42]

Apple L. paracasei [7]

Cashew apple L. casei, Bifidobacterium breve, B. infantis [43]
Grape L. paracasei [44]

White grape L. paracasei, L. casei-01 [9]

Grape L. plantarum PTCC, L. delbruecki PTCC 
1737i, L. rhamnosus PTCC 1657

[45]

Citrus L. pentosus MU-1, L. plantarum SI-1 [46]
Orange Pediococcus acidilactici, L. monocytogenes [47]
Orange L. rhamnosus [48]
Orange L. paracasei [5]

Orange L. casei-01 [49]

Pineapple P. pentosaceus LaG1, L. rhamnosus GG, P. 
pentosaceus LBF2

[50]

Pineapple Lactobacillus and Bifidobacterium spp. [51]
Mango L. acidophilus [52]
Mango L. plantarum, L. casei, L. acidophilus, L. 

delbrueckii
[53]

Mango L. bulgaricus S1, L. plantarum Lp-115, 
Streptococus thermophilus 6063 

[54]

Pomegranate L. plantarum, , L. paracasei, L. delbruekii, 
L. acidophilus

[55]

Pomegranate L. plantarum [56]
Pomegranate L. plantarum PTCC 1745, L. delbrueckii: 

PTCC 1333
[10]

Watermelon L. helveticus, L. acidophilus, L. plantarum [57]
Melon L. casei B-442 [58]
Cornelian 
cherry

L. plantarum ATCC 14917 [59]
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Cornelian 
cherry

L. casei T4 [13]

Blueberry and 
blackberry

L. plantarum, Streptococcus thermophilus, 
B. bifidum

[60]

Blueberry L. plantarum J26 [61]
Prickly pears L. fermentum [62]
Peach L. plantarum, L. delbrueckii, L. casei [63]
Noni L. casei, L. plantarum, B. longum [64]
Carrot, beet 
and apple 

L. casei [65]

Cupuassu L. casei [66]

In the study of Pereira et al. [42], optimizing the living standards of L. casei 
NRRL B-442 in cashew apple juice, determining the appropriate amount 
of inoculum and the fermentation time were investigated. As a result of the 
analysis, they observed that there was no loss of vitality of L. casei in cold 
storage for 42 days in apple juice and that the color, which is one of the 
most important factors after flavor, was preserved in the juice. For this re-
ason, it has been reported that cashew apple juice fermented with L. casei 
is a healthy alternative to functional foods containing probiotics.

In the study of Pimentel et al. [7], the effects of using oligofructose or 
sucralose instead of sugar on probiotic apple juice were investigated by 
adding L. paracasei ssp. Apple juice containing oligofructose showed less 
sweetness than that containing sucrose. It has been observed that sucralose 
apple juices have a light color compared to sucrose apple juice. The addi-
tion of probiotics has increased the turbidity of apple juice. The increase 
in its turbidity did not affect the general acceptability of apple juice. It has 
been reported that with L. paracasei, synbiotic apple juice can be created 
that creates a sensory profile (excluding turbidity and particle presence) 
and acceptance level close to the sucrose-added apple juice.

In the study of Leite et al. [43], cashew apple juice containing gluco-oligo-
saccharides, dextran, and tagatose has been confirmed to exhibit prebiotic 
properties after in vitro digestion.  These components have reached the 
digestive tract and are used as a source of carbon by probiotic bacteria 
(L. casei NRRL B-442, B. breve NRRL B-41408, and B. infantis NRRL 
B-41661). For all the bacteria studied, a different growth was observed 
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against substrates with prebiotic properties (oligosaccharides, dextran, and 
tagatose). It has been reported that the substrates used support probiotic 
microbial growth. 

In the study of Silva & Ferrari [44], the effect of inulin on the viability of 
microorganisms was observed in grape juice produced using L. paracasei. 
In order to observe the effect of inulin, 3 formulations were compared: 
grape juice without probiotics and inulin, grape juice with L. paracas-
ei (7.5%), and grape juice with L. paracasei (7.5%, v/v) / inulin (10%, 
w/v), which did not participate in inulin, and grape juice with L. paracasei 
(7.5%, v/v). The probiotic grape juices produced were stored at 4ºC for 28 
days and subjected to physical and microbiological analysis. Although the 
pH and total acidity values of dec grape juices ranged between 3.28-3.31 
and 0.193-0.209 g/ml, respectively, no statistically significant difference 
was observed. It has been determined that the amount of soluble solids 
in the juice of probiotics containing inulin is greater. Grape juice has pro-
ved to be a promising plant-based matrix for the production of a probiotic 
drink, as it is able to ensure the viability of L. paracasei above 6 log CFU/
ml by the end of storage. The results of the study showed that L. paracasei 
is able to survive in grape juice even without the addition of a prebiotic 
component.

In the study of Okina et al. [9], probiotic white grape juice was made using 
lyophilized L. paracasei culture (2% v/v), and the culture was compared 
with non-culture-added juice. It has been determined that the white grape 
juice produced by the added probiotic culture has a darker color and a 
lower total phenolic amount. As a result, it was emphasized that probiotic 
white grape juice prepared using L. paracasei is an alternative for indivi-
duals who do not consume/can not consume dairy products and can resist 
the probiotic effect (21 days at 4°C) and gastrointestinal conditions (28 
days at 4°C). The study also stated that white grape juice is a good carrier 
of probiotics for L. paracasei.

In the study of Manganji vd. [45], by adding L. delbrueckii, L. Plantarum, 
and L. rhamnosus to pasteurized grape juice, its change in microbiological 
and sensory properties was studied for 4 weeks at 4°C. According to the 
study, the resistance of L. rhamnosus and L. delbrueckii to refrigerator 
conditions was found to be better compared to L. plantarum. A decrease 
in probiotic levels was observed starting from the 1st to the 28th day, but 
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the least decrease was observed in L. rhamnosus. In addition, the sensory 
properties of grape juice added to L rhamnosus and kept in refrigerator 
conditions for 4 weeks were found to be at a higher level of acceptability 
compared to others. According to the findings obtained as a result of the 
study, it is recommended to produce probiotic grape juice with the addition 
of L. rhamnosus, whose vitality is higher and organoleptic properties are 
more desired.

In the study of Yuasa et al. [46], L. plantarum SI-1 and L. pentosus MU-1 
were inoculated into three different citrus juices and fermented. It has been 
reported that there is a decrease in the number of living bacteria in citrus 
juices, but their taste and other sensory properties have not changed.

In the study of de Oliveira Vieira et al. [47], it has been confirmed that 
oranges can be used as an ideal food matrix for a probiotic drink. It has 
been reported that P. acidilactici CE51 is suitable for the production of 
probiotic orange juice. It has also been reported that P. acidilactici can be 
used to provide control against L. monocytogenes.

In the study of Sengun et al. [48], it has been reported that orange-based 
juices are suitable substrates for the development of L. rhamnosus, and 
these products can be considered probiotic products. In the same study, 
they reported that the addition of stinging nettle (Urtica dioica L.) toget-
her with L. rhamnosus did not significantly increase the viability of L. 
rhamnosus in cold-stored orange juice, but increased the total content of 
phenolic substances and slowed the rate of decline of antioxidant activity 
during storage. As a result of the study, it was reported that the production 
of probiotic orange juice using L. rhamnosus and stinging nettle was suc-
cessfully completed.

In the study of Costa et al. [5], the effect of the use of oligofructose or 
ascorbic acid on the viability of L. paracasei has been investigated. Pro-
biotic juices produced high probiotic culture viability during the 28-day 
cold storage period. However, oligofructose or ascorbic acid did not have 
a protective effect on probiotic strains. As a result, it has been reported that 
orange juice is a suitable substrate for the development of L. paracasei.

In the study of Miranda et al. [49], the effect of the addition of L. casei to 
orange juice on the quality of the juice was studied. The cultures used in 
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the study were added to orange juice directly, activated, and encapsulated. 
As a result of the direct addition of commercial cultures directly, it was 
found that the probiotic drink is more similar to pure fruit juice in terms of 
its physical, chemical, and sensory properties. At the same time, it was the 
drink that had the most suitable products in terms of volatile compounds. 
As a result of the addition of activated cultures, an increase in the content 
of organic acids (acetic, lactic, and citric) was observed, while the volatile 
components decreased and were less appreciated sensually. By adding en-
capsulated cultures, products with a high consistency index were obtained, 
while lower organic acid and sensory results were determined.

In the study of AdebayoTayo & Akpeji [50], probiotic LAB (P. pentosa-
ceus LaG1, L. rhamnosus GG, and P. pentosaceus LBF2) of fermented pi-
neapple juice produced by using single and multiple the viability of LAB, 
lactic acid production, vitamin C has been reported to increase the growth 
and antagonistic potential. It has been reported that the probiotic fermen-
ted pineapple juice produced in this way can be a beneficial drink for hu-
man health.

In the study of Nguyen et al. [51], it has been reported that pineapple juice 
is a good substrate for the development of probiotic bacterial strains such 
as Lactobacillus and Bifidobacterium, however, it is more appropriate to 
use L. plantarum for probiotic pineapple juice.

In the study of Ryan et al. [52], the effect of mango juice and milk-based 
fermented beverage on the viability of probiotic strains has been inves-
tigated. In the study, L. acidophilus strain was detected in different con-
centrations of mango juice in cow’s milk (formulations containing 0%, 
10%, 20%, 30%, and 40% mango juice (w/w)) were added and kept at 4 
°C for five weeks. It has been determined that the concentration of 10% 
mango juice increases the viability of probiotic cultures. Similarly, it was 
determined that 10% mango juice increases the probiotic tolerance of gast-
rointestinal digestion under artificial conditions. It has been reported that 
increasing the concentration of mango juice from 20% to 40% increases 
sensory scores and therefore is more appreciated.

In the study of Reddy et al., [53], it has been observed that four LAB such 
as L. plantarum, L. delbrueckii, L. casei and L. acidophilus can use mango 
juice for cell synthesis and lactic acid production without pH adjustment. 
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All of the LAB used in the study survived under conditions of low pH and 
high acidity during 4 weeks of cold storage at 4 °C. It has been reported 
that mango juice can be used as one of the non-dairy raw materials for 
LAB, and the product can be used as a probiotic drink for vegetarians.

In the study of Wang et al. [54], ultraviolet-assisted ultrasonic pretreatment 
for probiotic mango juice containing L. bulgaricus S1, 6063 S. Thermophi-
lus, and L. plantarum Lp-115 strains have been applied as pre-processing. 
It has been reported that probiotic mango juices produced using probiotic 
strains have positive effects such as better storage stability and longer shelf 
life compared to probiotic mango juice produced without pretreatment.

In the study of Mousavi et al. [55], the suitability of pomegranate juice 
produced by probiotic LAB for use as a probiotic beverage has been stu-
died. Pomegranate juice was fermented at 30°C for 72 hours. L. delbruekii 
and L. plantarum were able to survive the first 2 weeks of storage at 4°C, 
while L. acidophilus and L. paracasei were observed to lose their viability 
after the second week in the same conditions. It has been reported that 
fermented pomegranate juice is a suitable medium for probiotic cultures 
to increase.

In the study of Mantzourani et al. [56], It was tried to obtain a low-alcohol 
functional pomegranate juice drink by adding L. plantarum. Fermented 
pomegranate juice has had a high total phenolic content and antioxidant 
activity during the storage period compared to pomegranate juice which 
has not undergone a fermentation process. L. plantarum has maintained its 
vitality and increased in fermented pomegranate juice. As a result of these 
studies, it was reported that L. plantarum can be used for the development 
and production of a new functional drink.

In the study of Oruç & Çakır [57], for the fermentation of watermelon jui-
ce, L. helveticus, L. Acidophilus, and L. plantarum were used. Watermelon 
juice was fermented at 37°C for 18 hours. During the fermentation pro-
cess, total LAB count, titration acidity, pH, and water-soluble dry matter 
analyses of watermelon juices were performed. It was determined that the 
LAB numbers increased significantly in all watermelon juice samples. It 
has been reported that watermelon juice is a favorable environment for the 
development of LAB, and with fermentation, there is an increase in the va-
lues of phenolic substances and antioxidant activity of watermelon juice.
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In the study of Fonteles et al. [58], melon juice fermented with L. casei 
was subjected to ultrasonic processing. During the 42-day storage period 
in fermentation without the use of preservatives and heat treatment, it was 
not observed that the bacterium did not lose its viability and that there was 
no deterioration in the juice. It has been reported that melon juice fermen-
ted with the support of ultrasonic processing can be considered a low-ca-
lorie drink, which is a potential new source of probiotic bacteria.

In the study of Mantzourani et al. [59], L. plantarum ATCC 14917 was 
used in cornelian cherry juice fermentation. Cornelian cherry juice was 
fermented for 24 hours and kept at 4 °C for 4 weeks. As a result, it has 
been shown that L. plantarum immobilized on the wheat bran carrier used 
can be used in the production of a low-alcohol grade cranberry beverage. 
As a result of sensory evaluations, it was determined that there is no unp-
leasant/undesirable taste in fermented cranberry juice. It has been reported 
that fermented cornelian cherry juice is a suitable medium for probiotic 
cultures to increase.

In the study of Nematollahi et al. [12], cornelian cherry juice with a pH of 
2.6 is harmful to probiotic cultures, and probiotic species that are resistant 
to even the worst conditions have been found to disappear completely after 
a maximum of 7 days of cold storage. The viability of L. casei T4, which 
was applied by adjusting to pH 3.5, was even greater after 28 days than at 
the beginning. As a result, it has been reported that L. casei T4 will be a 
strong and resistant strain for production in beverages with harsh conditi-
ons, such as fruit juice and beer.

In the study of Wu et al. [60], it has been revealed that potential probio-
tic strains (L. plantarum, B. Bifidum, and S. thermophilus) have effective 
values on the metabolism of phenolic acids, biotransformation of organic 
acids, and sensory properties in blueberry and blackberry juices. It has 
been reported that the study conducted can help produce potential non-da-
iry probiotic drinks.

In the study of Zhang et al. [61], blueberry juice has been fermented using 
L. plantarum J26 as the fermentative strain for the investigation of its fun-
ctional properties. Functional ingredients fermented blueberry juice (cya-
nide, chloride, petunidin, and pelargonidin peonid), and beneficial acti-
vities (α-glucosidase and α-amylases inhibition) observed an increase in 
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LAB can produce a beverage with functional and also used blueberry has 
been reported.

In the study of Panda et al. [62], total LAB count, titration acidity, pH and 
water-soluble dry matter analyses were performed by fermenting prickly 
pear juice with L. fermentum at 28°C for 48 hours. As a result of the study, 
it was confirmed that it is acceptable research to prevent prickly pears from 
losing their properties and the value of pear juice. It has also been reported 
that prickly pear juice is a new functional drink that contains antioxidants 
and phytochemicals that are beneficial to health.

In the study of Pakbin et al. [63], probiotic peach juice production was car-
ried out by fermentation at 30 °C for 24 hours using L. plantarum DSMZ 
20179, L. delbrueckii DSMZ 15996 and L. casei DSMZ 20011 strains. 
Changes in pH, titratable acidity, sugar content, and the number of living 
cells were studied during fermentation. As a result of the study, L, casei 
was not considered suitable for cold storage, but it was found that L. delb-
rueckii is suitable for the production of probiotic beverages. Therefore, it 
has been reported that peach juice can be a healthy beverage alternative for 
vegetarians and consumers with food allergies.

In the study of Wang et al. [64], L. casei, L. Plantarum, and B. longum 
were used to produce probiotic noni (Morinda citrifolia) juice. It has been 
observed that L. casei produces less lactic acid than B. longum and L. plan-
tarum. It has been observed that L. plantarum and B. longum survive at 
low pH in cold storage at 4° C for 4 weeks, and cell viability has not been 
observed in L. casei after 3 weeks. As a result of the study, it was reported 
that L. plantarum and B. longum are optimal probiotics for fermentation 
with noni juice.

In the study of Zandi et al. [65], a mixture of carrot, beet, and apple juices 
was infused with L. casei to produce a fermented beverage. A mixture of 
carrot, beet, and apple juices and a suspension of L. casei was prepared 
and added to the mixture of juices by 20%, 30%, and 40%, respectively. In 
all applications, during the fermentation process, the number of probiotic 
bacteria increased with the use of sugars and nutrients contained in the ju-
ice, while the values of sugar and brix decreased. It has been reported that 
the sample with a concentration of 40% and 1.5x106 CFU/ml L. casei has 
maximum cell viability during 4 weeks of storage at 4° C and is suitable 
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for use as a probiotic beverage.

In the study of Pereira et al. [66], cupuassu (tropical fruit native to the 
Brazilian Amazon) was fermented for 18 hours at 30 °C, pH 5.8 by adding 
L. casei to the juice. During fermentation, the antioxidant activity and the 
number of L. casei increased. After fermentation, the organic acids conta-
ined in cupuassu water increased. As a result, the components of cupuassu 
water (natural sugars and organic acids) were found to be suitable for the 
development of probiotic bacteria. It has been reported that the probiotic 
cupuassu drink is considered an alternative functional food.

CONCLUSION

Probiotics are organisms that contribute to the intestinal and digestive sys-
tems. Probiotics, which are usually used in yogurt, kefir, and similar fer-
mented products, have also started to be used in fruits and vegetables that 
are considered to be the different probiotic matrices. In different studies, 
it has been shown that many fruits are a suitable environment for pro-
biotics. The rich content of fruits, the absence of allergenic effects, and 
the fact that they can be consumed by everyone are quite suitable for the 
use of probiotic cultures. It will be useful to investigate the production 
of probiotic functional juice in different types of fruits and with different 
microorganisms.
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ABSTRACT

Garlic (Allium sativum L.), a bulb herbal plant had a history of several 
thousand years of human consumption and use, starting as a seasoning, 
traditional treatment, and functional food. Nowadays, scientific studies 
considered this food an excellent health-promoting element. All that is be-
cause of the existence of active organosulfur compounds (OSCs) in garlic, 
which are disease-preventing for many common diseases, from cancer, 
heart, and blood vessel disorders, metabolic disturbances, and blood pres-
sure to diabetes mellitus through its antioxidant or inflammation treatment. 
Garlic as well fights several viral infections (e.g., coronavirus) and has 
fat-reducing properties, as proven in several in vitro, in vivo, and clinical 
studies. In this article, the importance of garlic & its active sulfur com-
pounds was investigated, according to previous studies. Also, the health 
benefits of garlic were discussed as well. 

Keywords: Garlic (Allium sativum L.), sulfur-containing compounds, bio-
active components, health benefits, anticancer mechanism.

INTRODUCTION

Garlic (Allium sativum L.) is a bulb flowering plant with a history of sev-
eral thousand years of human consumption and use, starting as a season-
ing, traditional treatment, and a portion of functional food [1]. The Codex 
Ebers, one of the oldest information sources for medical texts mentioned 
garlic as therapy and included it in a lot of medication recipes. In old tra-
ditional Asian medicine, garlic has been prescribed to help patients with 
1Geliş Tarihi: 19.07.2021 Kabul Tarihi: 22.08.2021
DOI: 10.17932/IAU.IJFER.2015.003/ijfer_v07i2003
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breathing and digestive problems. Several documents highlight garlic as a 
medicine with magnificent healing effectiveness [1]. The consuming part 
can be the root, leaves, or bulb itself. It can also be fresh green, dried, or in 
the form of a powdered spice or its extract oil. All examined parts contain 
different types of active ingredients such as sulfur moieties such as γ-glu-
tamyl-S-alkenyl-L-cysteine, S- alkenyl-L-cysteine sulphoxides, alliin, and 
ajoene [2]. The main sulfur compound is alliin. On average, during the 
consumption of garlic alliinase is released and converted into allicin which 
is unstable and rapidly deconstructs into other products, including dithi-
ins, ajoene, allyl methyl trisulfide, diallyl disulfide (DADS), diallyl sulfide 
(DAS), diallyl trisulfide (DATS) & oil-soluble organosulfur compounds 
(OSCs) [3]. These OSCs are generally considered the main bioactive com-
ponent in cancer prevention. S-Allylcysteine (SAC) is a stable compound 
known because of its antioxidant and cholesterol-reducing effects via clin-
ical research & pharmacological action of allicin or diallyl disulfide [1, 2].

The mechanism of action of garlic is wide branched. The therapeutic re-
sults of garlic are remarkable. The presence of some biologically active 
compounds, for example, organic sulfides, saponins, and phenolic com-
pounds [4]. Several in vitro and in vivo experiments have shown that these 
compounds can modulate various signaling pathways, improving the net-
work shape of biological activities: anti-inflammatory, antioxidant prop-
erties, chemo-preventive, antiproliferative, anti-angiogenic, antidiabetic, 
immunomodulatory, anti-obesity, antibacterial properties and cardiopro-
tective effects [2]. In Egypt, garlic’s abilities as a chemotherapeutic agent 
against tumors have been 3500 years ago [5]. A lot of food processing ap-
proaches were working on manufacturing techniques to decrease the loose 
of the functionality of garlic’s major compounds [6]. Various manufactur-
ing techniques (during dehydration, chopping, and packaging) were dis-
cussed in related articles to play an important role in garlic preservation. 
However, their only object is not to decrease garlic quality. The findings of 
this review can provide a scientific basis to help improve the methods of 
handling garlic & its multiform products [7].

This article represents a summary of studies that investigated the roles of 
garlic as a functional and medicinal food. Also, discusses the promise of 
using garlic’s bioactive compounds can lead to improvement between nat-
ural food therapy and pharmacological drugs.
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Table 1. The chemical combination of garlic bulbs [8,9].

Chemical composition Percent %
H2O 65%

Carbohydrate 28%
Protein 2%

Amino acid

Fiber, fatty acid, phenols, trace elements
1.2%

Sulfur-containing compounds 1.5%
Vitamins (C, B) & minerals (K, Ca, Se). 2.3%

Chemistry of garlic

The chemical combination of garlic bulbs contains different materials 
shown in Table 1. While the active main organosulfur components of gar-
lic (Figure 1) like diallyl thiosulfonate (allicin), diallyl sulfide (DAS), dial-
lyl disulfide (DADS), diallyl trisulfide (DATS), E/Z-ajoene, S-allyl-cyste-
ine (SAC) and S-allyl-cysteine sulfoxide (alliin). Alliin or S-allyl-cysteine 
sulfoxide is the responsible compound for flavor and taste [4, 9]. During 
the consumption of garlic, alliinase is released and converted into allicin 
when it enters the body to form bi-products [3]. Earlier studies confirmed 
the health-promoting properties of garlic for the human body. The health 
benefits are reportedly due to the presence of mentioned bioactive com-
pounds [9, 10].

Figure 1. The chemical structural form of the main organosulfur compounds 
in garlic [10].
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In general, these bioactive compounds vary in their bioavailability and 
digestibility and their levels can vary depending on whether the garlic is 
fresh, cooked, dried, or chopped [4]. In a randomized controlled study 
aims to determine the residues of garlic components in the body, after oral 
consuming 1-3 grams of fresh garlic, organosulfur compound (diallyl di-
sulfide - DADS and diallyl sulfide - DAS) was not detected in urine sam-
ples after 6-24 hours. while compound like allyl methyl sulfide which can 
be detected in Breath undergoes extensive metabolism produced from allyl 
thiosulfate [11]. The effects of different processing methods and storage 
conditions (humidity, temperature, pH) along with the efficiency of bio-
active components have been also included [12]. In the botany field, the 
defense mechanisms of garlic against plant pests, and pathogens have also 
been shown in laboratory experiments to prevent cell damage and plant 
tissue lesions [13].

Biological Activities of Garlic

Antioxidant activity

On the cellular level, the last effect of active ingredients such as phenols 
and saponins appear as major antioxidant compounds [4, 14, 15]. While 
the intensity of this effect and the mechanism of action appear as a network 
full of branches (pathway regulation) and side products (minor products) 
[9].

Anti-inflammatory activity

The bioactivity of garlic has been shown to exhibit anti-inflammatory 
properties [10]. Moreover, allicin could be included in therapy as an an-
ti-inflammatory against arthritis disease, due to its low presence of toxic-
ity. [16]. A study by Martina et al focused on the mechanism of the ethyl 
linoleate which controlled the number of oxidative chemicals (nitric ox-
ide -NO and prostaglandin E-2) by decreasing regulation & expression 
through their pathway either by inhibiting the transcription factor or en-
hancing the macrophage’s effectiveness [4, 14]. Also, garlic supplements 
consider to stopping inflammatory agents, which can be nitric oxide (NO), 
tumor necrosis factor α (TNF-α), or interleukin-1 (IL-1) according to phar-
macological research [16]. 
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Antimicrobial activity

During the research on the antibacterial and antifungal properties of gar-
lic in Italy, it was found that garlic significantly suppresses the growth of 
Aspergillus Versicolor, Penicillium citrinum, and Penicillium expansum. 
Also, the oil extracted from the fresh plant got the ability to prevent the 
production of toxins from bacteria and may limit the growth of Staphylo-
coccus aureus, Escherichia coli, and Bacillus subtilis by destroying the 
formation and the metabolic pathway of bacterial cells [9, 14]. Further-
more, in a clinical trial, the treatment of raw garlic inhibited Helicobacter 
pylori in the stomach of patients with H. pylori infection [13].

Garlic protective effect

During eating products containing garlic, organosulfur compounds (e.g., 
allicin and alliin) and flavonoid (e.g., quercetin) will be responsible for 
most immunomodulatory effects. Treatment with garlic oil for 30 min-
utes can normalize several immunological factors from serum total immu-
noglobulin concentration to T-cell subtype CD4+. Moreover, consuming 
AGE reduces the severity of influenza by improving body defense re-
sponses [14, 17, 18]. 

In another study, dried garlic can effectively reduce blood total fat, and in-
hibit platelet aggregation and any risk factors along with heart diseases. All 
by increasing the production of NO and hydrogen sulfide (H2S) and inhib-
iting the angiotensin-converting enzyme, thereby lowering hypertension 
and oxidative stress [10, 16]. The anti-hypertension mechanisms of garlic 
are shown in (Figure 2). The findings of randomized controlled research, 
have suggested that garlic supplementation can reduce atherosclerosis or 
prevent cardiovascular events, such as myocardial infarction or stroke but 
the exact technique is still not fully understood [9, 19]

In the elderly category, ingredients such as S-allyl mercaptocysteine stood 
out. Where they help activate the role of antioxidants in the body. Which 
was used in the composition of medicines given to Alzheimer’s patients 
because of its association with nerve impulses and brain function [17, 20]. 
The sector of garlic as a hypoglycemic agent is based either on stimulation 
of the pancreas that increases the secretion of insulin from β-cells and in-
creases insulin sensitivity or the release of bound insulin which controls 
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the glucose content in the blood. Vitamin B6 and Vitamin C are present in 
garlic extract. Vit B is engaged in the metabolism of carbohydrates, while 
Vit. C plays an important role in controlling and maintaining the sugar lev-
el in the blood [21]. Garlic oil, obtained from steam distillation of Allium 
sativum enhances insulin and glucose tolerance. It also enhances skeletal 
muscle glycogenesis [15, 22]. Allicin in combination with sulfur-contain-
ing amino acid, will create a pathway involved in the regulation and in-
crease the blood insulin concentration by preventing the inactivation of 
insulin by the liver. Garlic functions as an insulin secretagogue or insulino-
tropic in diabetic rats [2, 3, 21]. A study by Sudhakar et al., (2021) demon-
strated in Table 2 used supplements containing garlic in the management 
of type 2 diabetes mellitus and reducing diabetic complications [21].

Anticancer mechanisms of garlic

The anticancer-related study has shown that allylsulfide derivatives have 
significant and clear biological effects on mechanisms in carcinogenesis 
[19]. The anticancer actions have been divided into the following catego-
ries depending on the cancer phase, which are summarized in Figure 3. 
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Table 2. Summary of clinical trials of herbal medicine in diabetic patients 
[21].

TYPE 
OF 
FOOD

MECHANISM CLINICAL 
TRIALS

AGE 
GROUP
(YEARS)

OUT-
COMES

COM-
PLI-CAT-
ION

Al
liu

m
 sa

tiv
um

 (G
ar

lic
 ta

bl
et

)

Allicin combines 
with cysteine and 
enhances serum 
insulin.

Inhibiting the 
forming of ad-
vanced glycation 
final products 
(AGEs)

It increases the 
pancreatic se-
cretion of insu-
lin from the beta 
cells.

Type 2 Dia-
betes Melli-
tus patients

25-70 
years

Improve 
the glyce-
mic control 
by improv-
ing the 
glycemic 
index and 
maintaining 
a glucose 
level

Gastric 
irritation

Direct hypogly-
cemic action, 
fasting blood glu-
cose level and se-
rum fructosamine 
are decreased sig-
nificantly. 

Type 2 di-
abetes ath-
erosclerosis 
patients

34-62 
years

Fast blood 
glucose 
level was 
decreas-
ing, and 
serum fruc-
tosamine 
was declin-
ing.

Not stated
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In the initiation phase of cancer progression, it inhibits vital phytochemi-
cals and carcinogens with antioxidants, mutagenicity, and detoxification. 
In the second phase (promotion), it cuts the reproduction cycle of phyto-
chemicals that lead to stopping the propagation of cells by folding protein 
and DNA repairing. In the third phase (progression), the inhibition of phy-
tochemicals causes changing cell pathways, including antiproliferation, 
apoptosis, and immunocompetence [19].

Previous in vitro studies have used the extraction material from garlic in 
inhibiting mutagenicity in bacteria, which came very effectively by SAC 
and SAMC the strong radical activities that block the extracellular muta-
gens [19]. On the other hand, the consumption of garlic increased circu-
latory antioxidants, vitamin E, and superoxide dismutase. While reducing 
glutathione, glutathione peroxidase, and peroxidation of lipids [23, 24]. 
Stimulating scavenging of reactive oxygen species (ROS) prevents oxi-
dative damage to healthy tissue. The enzymatic activity of cytochrome 
P450 s (CYP2E1) was affected by the DAS oxidant derivative, leading to 
stop the production of carbon tetrachloride, acetaminophen, and N-nitro-
so dimethylamine which consider toxic carcinogen-forming elements [23, 
24, 25]. Additionally, the ajoene component causes an accumulation and 
activation of misfolded protein aggregates in cancer cells [19, 23].  For 
all that, garlic’s functional components consider blockers and regulators 
important in the first and second stages of oncogenesis. Prevent transpor-
tation of the tumor between organs by inhibiting toxic chemicals or in-
terference between cellular macromolecules in DNA, RNA, and proteins 
[3, 24]. When cancer is invasive and metastatic, even immune evasion, 
growth, and proliferation can be happening. Garlic here is involved in the 
induction of apoptosis (death) of damaged cells by an increased splitting 
of genetic material and intracellular Ca, p53, Bax, and down-regulation 
Bcl-2.

A novel study has incubated One hundred and eighty cancer cells or what 
is known as Murphy-Sturm lymphosarcoma cells with diethyl thiosulfate. 
After that, it revealed that a complete prevention effect of cancer cells from 
developing tumors was noticed [2, 23, 24]. In vitro level, recent studies 
represent an idea that Allium sativum (garlic) has antiproliferative charac-
teristics and apoptotic activities on carcinoma cell line A498 located in the 
kidney and carcinoma cell line A549 cell lines in the lung while no effect 
of a toxic level was detected [3, 9]. At the same level, the combination 
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of S-ally cysteine from Allium sativum and lycopene from tomatoes can 
form suppress chemically induced gastric cancer progression [24, 19]. The 
functional components of garlic are not only effective in the chemopre-
ventive stages of cancer but also contribute to enhancing the effectiveness 
of cancer treatment and reducing the side effects of treatment, whether 
chemo or radiotherapy, by suppressing symptoms after sessions. This re-
sult is quite surprising in the difference in the therapeutic effect of taking 
garlic extraction. Recent information indicated that the phytochemicals of 
raw garlic have a very high selectivity to kill exceptionally efficient cancer 
cells with no damage to normal cells [19].  

Against coronavirus  

Seventeen active organosulfur compounds are found in garlic essential oil, 
results show that 99.4% of contents have a strong effect on basic units of 
the ACE2 protein and PDB6LU7 protease of SARS-CoV-2. Also, it con-
siders that these essential oils are a valuable natural antivirus source and 
can help prevent coronavirus invasion into the human body [26, 27]. Since 
the scientific research race against the coronavirus began, many drugs 
have been produced, either to fight the virus itself or the side effects and 
even some research has worked to produce drugs that help stimulate the 
human immune system [27].

Therapeutic Promises of Garlic

Medical importance garlic is an excellent source of therapeutic agents. A 
pharmaceutical drug from garlic was produced that contains allicin orga-
nosulfur compounds. For better results, garlic should be fresh and chem-
ical-free. Pure allicin has been found effective against fungus and mold 
accumulation. The garlic was smashed to be used for sores in the mouth 
and throat, while these days it can be used in toothpaste to prevent related 
problems [2]. It is also good for hair growth (since it consists of vitamin 
B-6 and Vit C which are good for hair growth, nowadays a lot of shampoos 
and hair treatment products contain sulfur as an additive from garlic), for 
flu, anti-febrile and Anti-helminthic activity [3, 28].

Garlic also helps in removing the Giardia lamblia parasite from the intes-
tinal tract. Antimicrobial activity: the allicin consists of organosulfur com-
pounds which are the most important for antimicrobial properties [13, 28]. 
These findings, if used in the right ways, may give a new valuable method 
for treating cancer using traditional medicinal plants [2, 29, 30].
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CONCLUSION 

Garlic (Allium sativum L.) is a herbal plant used worldwide and considered 
a food, seasoning and old cultural (medicinal) treatment for the prevention 
of infectious diseases since antiquity. Through research, the food scienc-
es and pharmaceutical industries have developed links between garlic’s 
functional effect on cancer, heart disorders, blood pressure, and diabetes 
mellitus. Antioxidants and anti-inflammatories that fight many viral infec-
tions and have lipid-lowering properties have also been studied, as shown 
in numerous research and clinical studies. This article summarizes scien-
tific investigations into the powerful effects of garlic and its wide use as a 
functional and medicinal food.
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