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In this study, functional yogurt with high γ-aminobutyric acid (GABA) content was 
produced by using crude extracts of germinated brown rice (GBR). GABA 
fortification by GBR is considered as easy, applicable and economical process for 
the development of functional yogurt. 

Germination was achieved for 96 hours and rice was dried and grounded after 
germination. Effect of germination period on GABA production, total γ-oryzanol 
content and total antioxidant capacity was investigated for GBR. It was observed 
that GABA amount significantly increased with germination period and reached to 
almost 14 folds after 84 hours of germination. However, γ-oryzanol did not change 
significantly with germination. The total antioxidant capacity of GBR decreased in 
first 12 hours of germination then increased up to 84 hours with minor differences 
(p < 0.05). 

GABA fortified functional yogurt samples at different levels were prepared and 
manufacturing conditions were optimized by using crude extracts obtained from 84 
hours GBR flour. And these crude extracts having GABA contents of 13.88 ± 0.71 
and 26.86 ± 0.34 mg/100 g dry matter were prepared from 20 and 40 g of flour 
samples, respectively. The effect of storage period and the addition of GABA 
standard or crude GBR extracts in all samples were determined by the comparison 
to control yogurt sample. On the other hand, naturally occurring GABA was not 
detected in control yogurt (CTR-Y).  
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Fermentation process results in GABA reduction of about 10.36, 14.39 and 18.57% 
in yogurt samples with GABA standard (CTR-G), crude extracts of 20 g GBR 
(GBR20) and crude extract of 40 g GBR (GBR40), respectively (p < 0.05). Whereas, 
storage period (21 days) has no significant effect on the GABA content of fortified 
yogurt samples (GABA content of CTR-G, GBR20 and GBR40 yogurt samples is 
9.24 ± 0.07, 10.84 ± 0.14 and 21.78 ± 0.13 mg/100 g fresh yogurt, respectively). As 
compared to CTR-Y yogurt, water holding capacity (WHC) and textural parameters 
(hardness and gumminess) significantly decreased in GABA containing yogurt 
samples after 21 days of storage. However, during initial 14 days of storage, WHC 
and texture were first increased in all yogurt samples and then the reduction was 
observed during rest of the storage. In contrast, parameters such as cohesiveness 
and springiness were improved non-significantly for GABA enriched yogurt 
samples. Total antioxidant capacities of yogurt samples were increased with GABA 
fortification in the form of crude extracts but yogurt enriched with standard GABA 
has been observed with lower antioxidant capacity as compared to control yogurt (p 
< 0.05), whereas storage period has a non-significant effect on the antioxidant 
capacity of all yogurt samples.  

The results of sensory evaluation revealed less acceptability for GBR40 yogurt than 
control yogurt but GBR20 has been selected as a suitable replacement for 
conventional yogurt. Furthermore, only a single portion of GBR20 yogurt is enough 
to supply more than 10 mg of GABA, which is enough for the treatment of individuals 
with mild hypertension according to the related literature. 

 

 

Keywords: γ-aminobutyric acid, crude extract of germinated brown rice, functional 
yogurt, γ-oryzanol and total antioxidant capacity.  
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Bu çalışmada, çimlendirilmiş esmer pirinçten (GBR) elde edilen ham ekstraktlar 
kullanılarak γ-aminobütirik asit (GABA) içeriği yüksek fonksiyonel yoğurt üretilmiştir. 
Fonksiyonel bir yoğurt üretimi için, çimlendirilmiş esmer pirinç kullanılarak GABA 
zenginleştirmesi yapmak kolay, uygulanabilir ve ekonomik bir yöntemdir. 

Esmer pirinç 96 saat süreyle çimlendirilmiş, kurutulmuş ve öğütülmüştür. GBR’de, 
çimlendirme periyodunun GABA ve toplam γ-oryzanol içeriğine ve antioksidan 
kapasiteye etkisi araştırılmıştır. GABA miktarının çimlendirme süresinin artmasıyla 
önemli oranda arttığı ve 84 saatlik çimlendirme sonunda başlangıçtaki miktarın 
yaklaşık 14 katına çıktığı gözlenmiştir. Buna karşın, γ-oryzanol’ün miktarında 
çimlendirmenin artmasıyla önemli bir değişim olmamıştır. GBR’ın toplam 
antioksidan kapasitesi, çimlendirmenin ilk 12 saatinde azalmış, 84 saatlik 
çimlendirmenin sonuna kadar küçük değişikliklerle artmıştır (p < 0,05).  

Farklı düzeylerde GABA ile zenginleştirilmiş fonksiyonel yoğurtlar hazırlanmış ve 84 
saatlik GBR ham ekstraklarının kullanıldığı üretim koşulları optimize edilmiştir. 20 
ve 40 g un örneğinden hazırlanan ham GBR ekstraktları (13,88 ± 0,71 ve 26,86 ± 
0,34 mg/100 g kuru madde GABA içeren), fonksiyonel yoğurt üretiminde 
kullanılmıştır. Depolamanın yoğurtlar üzerine etkisini belirlemede, saf GABA 
standardı ya da ham GBR ekstraktı katılan yoğurt örnekleri kontrol yoğurt örneği ile 
karşılaştırılmıştır. Kontrol yoğurdunda (CTR-Y) doğal oluşan GABA tespit 
edilmemiştir. 

Fermantasyon sırasında, GABA standardı katılan yoğurt (CTR-G), 20 g ve 40 g 
GBR unundan elde edilen ham GABA ekstraktı katılan yoğurt örneklerinde (GBR20 
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ve GBR40), GABA içeriği sırasıyla %10,36, 14,39 ve 18,57 oranlarında azalmıştır 
(p < 0,05). Depolama süresince (21 gün) örneklerdeki GABA içeriğindeki değişiklik 
önemsiz bulunmuştur (GABA içeriği CTR-G yoğurt örneğinde 9,24 ± 0,07, GBR20 
de 10,84 ± 0,14 ve GBR40 de 21,78 ± 0,13 mg/100 g). Kontrol yoğurdu ile 
karşılaştırıldığında, GABA içeren yoğurtların su tutma kapasitesinde (WHC), sertlik 
ve çiğnenebilirliği gibi tekstürel parametrelerinde 21 günlük depolama süresince 
önemli azalma olmuştur. Bununla birlikte, depolamanın ilk 14 gününde WHC ve 
tekstür, tüm yoğurt örneklerinde ilk artırılmış ve daha sonra, geri kalan depolama 
döneminde azalma gözlemlenmiştir. GABA içeren yoğurt örneklerinde yapışkanlık 
ve elastikiyet gibi tekstürel parametreler depolama ile iyi yönde gelişmiştir. Yoğurt 
örneklerinin toplam antioksidan kapasitesi ham ekstrakte edilmiş GABA ile 
arttırılmıştır fakat saf GABA eklenmiş yoğurtlarda toplam antioksidan kapasite, 
kontrol yoğurduna göre daha düşük bulunurken (p < 0,05), depolama süresi 
antioksidan kapasiteyi etkilememiştir. 

Duyusal analiz sonuçları, GBR40 yoğurdunun kontrol yoğurduna göre kabul 
edilebilirliğinin düşük olduğunu, GBR20 yoğurdunun ise kontrol yoğurdunun yerini 
alabilecek uygunlukta olduğunu göstermiştir. GBR20 yoğurdunun bir porsiyonunda 
yer alan 10mg’dan yüksek GABA içeriği, literatüre göre yüksek tansiyonlu bireylerin 
tansiyonunu kontrol etmede yeterli bulunmaktadır. 

 

 

Anahtar Kelimeler: γ-aminobütirik asit, çimlenmiş esmer pirinç’ın ham ekstraktı, 
fonksıyonal yoğurt, γ-orizanol ve toplam antioksidan kapasitesi. 
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1. INTRODUCTION 

In recent years, most of the consumers are changing their living standards with the 

consumption of functional and bioactive foods in order to live a healthy and natural 

life. Similar to traditional food, functional foods are consumed regularly as part of 

the normal diet. Apart from providing mere nutrition, these foods have positive 

effects on the health such as the reduction and prevention of chronic diseases [1]. 

The marketing shares and consumption of these types of foods are continuously 

increasing due to the reduction or prevention of disease risk. Functional foods also 

regulate specific physiological functions, such as delayed aging (age-related health 

problems) and strengthening of the immune system [2]. 

The dairy industry provides a huge opportunity for the development of a functional 

food market. The rapid growth of the global dairy industry in recent years has been 

attributed to the enhancement of functional properties in dairy products. In bioactive 

products, yogurt and fermented milk products are being preferred by the consumers 

for their healthy lifestyles. In recent years, more demand was recorded for the 

fermented milk products having natural ingredients.  

In the United States, Canada, and China, functional yogurt market has grown very 

quickly, but same growth was not observed for the sales of probiotic/prebiotic yogurt 

in the European Union. Due to the high competition in functional food market, related 

food industries have been focusing on the development of the new formulation and 

innovation in the production of functional yogurt in order to increase the competitive 

strength. Various prebiotic components, barley, oats, rye, rice and wheat bran fibers 

are superior ingredients for the development of new formulations. And the functional 

properties gained in these products have also increased their commercial values 

[3]. 

Functional foods can be simple natural foods (such as tomatoes) or processed foods 

with enriched bioactive components. Enrichment of these components can be 

achieved by several means. Many types of foods (such as cereals, meat, dairy 

products and beverages) have been modified into functional products by biological 

transformation, for example, germination of brown rice can increase γ-aminobutyric 

acid (GABA) content as a bioactive component. Fermentation is another way of 

GABA enrichment by using GABA producing microorganisms. However, this 
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method for GABA enrichment may not be appropriate for each product. For 

example, it is better to add GABA in the form of germinated brown rice (GBR) for 

fortification of fermented products such as yogurt. There is a need for a simple and 

economical process to develop a functional product [4]. Fermentation for GABA 

enrichment is not suitable for Turkish type yogurt. As for yogurt production, only two 

bacterial species (St. thermophilus and Lb. bulgaricus) are allowed to be used, 

which have no GABA producing ability through fermentation.  

In recent years, GBR has become an important functional food due to its rich GABA 

content. The use of GBR as an ingredient in bioactive food formulations has been 

identified as a common application in food industry, especially in the Far East 

countries. Since 1990, it is reported that numerous chronic illnesses (such as 

hypertension) can be prevented with the increased consumption of GBR [5]. 

In this study, the utilization of GBR as a bioactive ingredient have been investigated 

in the formulation of new functional yogurt. The production of GABA fortified 

functional yogurt at different levels was carried out and manufacturing conditions 

were optimized by using GBR flour and crude GBR extracts obtained from 

germinated brown rice flour.   
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2. LITERATURE REVIEW 

2.1. Functional Foods 

Normally, foods deliver nutrients which are important for body growth and proper 

functioning of its organs. It was documented that some types of foods known as 

functional foods, provide extra health benefits like prevention and treatment of 

several health disorders beyond the general nutrition effects. These foods can 

provide a healthy and natural way of life and also reduce the medicinal expenses 

[6]. The idea of functional foods development has changed the role of diets in health 

maintenance and disease prevention. Functional foods could be simple natural food 

or enriched with bioactive components. Conventional foods can be improved 

naturally or chemically by bioactive food components. 

Recent studies have many pieces of evidence to support the beneficial role of 

functional foods and more investigations are being carried out on their health-

promoting effects. Health issues like diabetes, hypertension, hypercholesterolemia, 

hyperglycemia and gastrointestinal problems are being taken as the targets of these 

functional foods [7, 8]. 

The dairy industry is an outstanding prospect for the development of functional food 

market. Enrichment of fermented dairy beverages with GABA and other inhibitory 

peptides is getting more attention due to their anti-hypertensive characteristic. 

Germinated brown rice is a valuable GABA source and used as functional 

ingredients. GBR also was known as a great source of other bioactive components 

like γ-oryzanol, polyphenols, phytic acid, ferulic acid, and tocopherols, which are 

well known for their health beneficial effects. Phenolic compounds as secondary 

metabolites of plants and γ-oryzanol are well-known strong antioxidant present in 

brown rice. Antioxidant effects are responsible for inhibition of several chronic 

disorder including diabetes, obesity, cancer, osteoporosis, atherosclerosis and 

cardiovascular diseases [9, 10]. 

2.2. Rice 

Rice is an important cereal crop and considered a staple food for nearly half of the 

world's human population due to its high nutritional quality and digestibility.  
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Whole kernel grain (paddy rice) comprises of the outer protective layer (husk or hull) 

and internal edible rice fruit or caryopsis (Figure 2.1). After dehusking, brown or 

cargo rice are obtained, which consist of outer layers of bran (pericarp and embryo) 

and endosperm. Endosperm composed of internal starchy part and external 

aleurone layers, which also enclose embryo [11]. Rice grains are composed of 75-

80%, starch, 7% protein and 12% water [12]. 

Complete polishing of paddy rice results in four fractions, which are hull, brown rice, 

bran and white rice. Rice bran and rice bran oil are important by-products obtained 

during polishing process in the production of white rice [13]. Because, rice germ and 

bran layers are a rich source of bioactive compounds (γ-aminobutyric acid and γ-

oryzanol, tocotrienol, phytosterols and ferulic acid) along with the high amount of 

hypoallergenic protein, lipid, vitamin, mineral and dietary fibers [14]. Major phenolic 

compounds in dietary fibers of rice are ferulic acid and ρ-coumaric acids, primarily 

exist in free form, soluble conjugate form or insoluble bound form [15]. 

Figure 2.1. Structure of rice kernel [16]. 

2.2.1. Brown Rice 

Brown rice contains many health-promoting components, but their taste 

acceptability and digestibility is lower than white polished rice and also more cooking 

time is required due to the high level of dietary fibers and phytic acid [11, 17]. 

However, consumption of brown rice is mostly preferred by health-conscious people 

of European countries [18].  
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Intake of white rice has been correlated positively with metabolic syndromes like 

diabetes type 2, glucose intolerance, obesity and cardiovascular diseases. In 

contrast, the consumption of brown rice has a therapeutic effect on the prevention 

of these diseases [19, 20].  

Several studies in the literature indicated that quality, nutrition, texture, acceptability 

and phytochemical bioavailability of brown rice can be improved. And germination 

is an important economical process, which can be used to improve acceptability and 

phytochemical bioavailability of brown rice [10, 15]. GBR was established for 

marketing in Japan in 1995. Since then, GBR and its derived products have gained 

popularity in Japanese and Chinese markets, due to their improved nutritional 

attributes [21]. Subsequently, GBR as functional ingredient came to the attention of 

food scientists and there is a rising trend for using GBR in the formulation of superior 

quality foods. 

2.3. Germinated Brown Rice (GBR) 

Plants have the ability to store food reserves (starchy carbohydrate, protein, fat etc.) 

in seeds, which are utilized for the growth of embryo during germination by sufficient 

absorption of water (imbibition), and result in disruption of the seed coat. 

Germination mostly depends upon both external and internal environmental 

conditions. Favorable conditions are adequate water supply, suitable gas 

atmosphere, temperature and light availability, which differ with seed types and 

varieties. The most suitable atmosphere for seed germination is the presence of 

20% O2 and 0.03% CO2 gases [22].  

GBR is produced by water soaking of brown rice kernels at 30-40°C until embryos 

start to sprout [23]. Germination is a biological process that drastically effects 

chemical composition of rice. During this process, subcellular structures changes, 

respiration, macromolecular syntheses and cell elongation have occurred in mature 

dry seeds [24].  

During germination of seed, water was absorbed in three different phases as shown 

in Figure 2.2, where the curve is a representation of time course for water 

absorption. The physiological activities start within a few minutes of initial absorption 

of water in phase 1. During phase 2 (plateau phase), the water content in seeds 

remains unchanged and metabolic activities accelerate with the consequential 
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transcription of new genes. At the end of this phase, the appearance of radicle by 

surrounding structures reveals the termination of germination, and in phase 3 further 

water uptake takes place through utilization of stored reserves by young seedling 

[25]. The time required to complete these events fluctuates for different seed 

species and germination conditions. 

Figure 2.2. Time progress of major steps involved in germination and post-

germination growth [26, 27]. 

This water uptake results in activation of hydrolytic enzymes. These enzymes 

degrade complex high molecular substances (starch and proteins) into small 

molecules (simple sugars, peptides, and amino acids). It was reported that starch 

and associated proteins degraded by the action of amylases and proteases. As in 

Figure 2.3, starch granules of brown rice have polyhedral and irregular in shapes 

with a size of 3 to 8 μm (A), but after germination, they became smaller and more 

diverse (B) because of the partial degradation of starch by hydrolytic enzymes [27]. 

Further water uptake results in disruption of seed membranes and consequently 

leakage of low molecular weight substances into the surrounding solution. 

Degradation of high molecular weight polymers leads to improved organoleptic 

qualities with the production of various bioactive and flavor compounds along with 
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germination period [28]. Also, germination process improves the bioavailability of 

nutrients by neutralizing the phytic acid. During sprouting, a reaction between phytic 

acid and minerals occurred, which result in a soft texture, fast cooking and easy 

digestion of GBR. Sensory evaluation revealed that cooked GBR are more sweet, 

soft and swelled than regular cooked brown rice [29, 30].  

Figure 2.3. Scanning electron micrograph for starch of brown rice (BR) and 

germinated brown rice (GBR) [31].  

During germination, accumulation of bioactive components in brown rice such as γ-

aminobutyric acid (GABA), γ-oryzanol, phytosterols and phenolic compounds, 

greatly depends upon the cultivar type, additives presences, pH, temperature, time, 

light, and oxygen percentage of soaking water [20]. GBR have nearly 10 times more 

GABA, 4 times more dietary fibers, lysine, vitamin E and B3, and 3 times more 

vitamin B1 and B6, as compared to polished white rice [32].  
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Germinated brown rice extract having GABA content can inhibit proliferation of 

leukemia cells along with stimulatory effects on the immune cells and apoptosis of 

cancerous cells [33].  

2.3.1. γ-aminobutyric Acids (GABA) 

GABA is biogenic compound and consist of four carbons non-protein amino acid, 

where amino group exists in unbound form. It is a major inhibitory neurotransmitter 

found in the central nervous system (CNS) of mammals. At physiological pH values 

of 4.03 and 10.56, GABA is zwitterionic in nature because of carrying both positive 

and negative charges (Figure 2.4). It is highly water soluble and structurally flexible 

molecule, with numerous configurations in solution form (including cyclic structure, 

similar to proline) [34]. 

Figure 2.4. Structure of GABA (simple and zwitterionic form) [27, 35]. 

It is irreversibly produced by α-decarboxylation of L-glutamic acid or its salt, 

catalyzed by glutamate decarboxylase (GAD; EC 4.1.1.15) enzyme and its cofactor 

pyridoxal-5-phosphate (P5P) [36, 37]. In the plant, GABA influenced various 

processes such as storage of nitrogen, utilization of glutamic acid, plant growth and 

defensive system against various insects [38]. The natural formation of GABA was 

first described by Steward et al. [39] in potatoes roots. However first time 

accumulation of large GABA amount in rice grains was reported by Saikusa et al. 

[40], who observed an increase in GABA content under soaking in acidic conditions.  

Germinating conditions like soaking and sprouting at 30°C for 3 and 21 hours 

respectively, were reported to be optimum for highest GABA production in brown 

rice [30]. In another report, soaking of brown rice in a solution of pH 6.0 for 4 hours 

at the temperature of 40°C, was said to be optimum for high GABA production [27].  
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At an early stage of germination, rapid GABA production occurred by the parallel 

loss of glutamic acid or its salt [14]. It is due to the activation of the enzyme (glutamic 

acid decarboxylase), which controls GABA synthesis from glutamate or glutamic 

acid. Soaking may cause conditions of hypoxia, and GABA content increases as a 

result of low oxygen availability [41].  

An increased concentration of GABA has been reported in brown rice, germinated 

in a solution of glutamic acid alone or mixture of chitosan and glutamic acid [33]. 

The use of electrolyzed oxidizing water increased GABA content during germination, 

with shortened sprouts [42]. GABA production can be enhanced by environmental 

stress due to mechanical and environmental stimulations, like heat shock, cold 

shock, hypoxia, darkness and cytosolic acidification [27]. 

In recent years, GABA producing lactic acid bacteria (LAB) are also getting huge 

attention due to their GAD enzyme activities [43]. GABA fortified fermented milk was 

manufactured by using Lactobacillus casei strain Shirota and Lactococcus lactis YIT 

2027 [44]. Where milk protein (casein) was first hydrolyzed into L-glutamate by Lb. 

casei and then it is converted into GABA by Lc. lactis. Similarly, defatted rice bran 

extract was fermented by two Lactobacillus species (Lb. brevis and Lb. plantarum) 

and GABA synthesis was achieved without the addition of glutamate. And after 24 

hours of fermentation, 2,952 ppm of GABA was accumulated by Lb. brevis at pH 5.0 

[45]. 

GABA has many health beneficial effects like antidepressant [46], antihypertensive 

[47], antiepileptic and antidiabetic effects [48]. It also involved in regulatory functions 

of cardiovascular systems like heart rate and blood pressure, and responsible for 

the sensation of pain and anxiety. Metabolism in brain cell is promoted by GABA 

because of its ability to increase the supply of oxygen [49]. GABA can also prevent 

obesity by ameliorating the oxidative stress and high fatty diet disrupted functions 

of thyroid hormones [50]. In the human brain, GAD substrate (L-glutamate) acts as 

an excitatory neurotransmitter and its product (GABA) as an inhibitory 

neurotransmitter. Therefore, control of GAD and GABA levels was observed to 

prevent several neurological disorders like Huntington’s disease, Parkinson’s 

disease, Alzheimer’s disease, schizophrenia, seizures, dementia and stiff-man 

syndrome [37, 38]. The consumption of GABA along with foods has been 

scientifically proved to lower the systolic blood pressure elevation and also improve 
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learning abilities and memory in animals. The proliferation of cancerous cells can 

be depressed or blocked by using GABA containing germinated brown rice extract 

[33]. In one study, it was reported that GABA enriched fermented milk has higher 

angiotensin-1-converting enzyme (ACE) inhibitory activity than control milk [51]. 

Therefore, hypertension, high blood pressure and resulting cardiovascular diseases 

can be prevented by consuming GABA containing fermented milk [52, 53]. 

GABA-enriched foods are therefore seen as functional foods and have become 

popular for the alleviation of pain and anxiety, and can cure insomnia and chronic 

alcohol-related symptoms [38, 54]. Japanese people have already started to use 

purified GABA in medication treatments of brain blood channels [14]. For these 

reasons, GABA as a new type of functional food supplement has been widely used 

in food, pharmaceutical, and chemical industry. 

2.3.2. γ-oryzanol 

First isolation of γ-oryzanol was accomplished in 1954 by Kaneko and Tsuchiya [55] 

as a crystalline substance from the non-saponifiable fraction of rice bran. It was 

believed to be a single component and was named as oryzanol in reference to the 

botanical species of rice, Oryza sativa. Later more than twenty components of γ-

oryzanol as ferulic acid esters of sterols and triterpene alcohols have been identified 

by different extraction methods. γ-oryzanol is a mixture of structurally similar 

components particularly steryl ferulates. Steryl ferulates are esters of ferulic acid 

with triterpene alcohols and phytosterols (Figure 2.5). As the major components, 

campestanyl ferulate, cycloartenyl ferulate, and 24-methylenecycloartanlyl ferulate 

constitute nearly 90% of GBR’s γ-oryzanol [27].  

γ-oryzanol mainly present in rice bran oil (RBO) as a non-saponifiable fraction. It 

has a great antioxidant capacity and therefore has several health-promoting effects 

like anti-aging, anti-inflammation, anti-platelet aggregation and cholesterol lowering 

effects [56]. Antioxidant capacity of brown rice is mostly attributed to ferulate part of 

γ-oryzanol. Due to the oxidation of cholesterol by γ-oryzanol, these antioxidant 

properties are also associated with hypocholesterolemic effects [27]. Similarly, 

ferulic acid as a major phenolic component of oryzanol has displayed significant 

preventive behavior against aggregation of blood platelets and formation of 

superoxide [57].  
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Figure 2.5. Components of γ-oryzanol [58]. 

2.4. Yogurt 

Yogurt is a fermented dairy product, which is manufactured by the bacterial 

fermentation of milk. Fermentation is a metabolic process in which various chemical 

changes are carried out on organic substrates through the actions of microbial 

enzymes [59].  

Turkish standard yogurt is manufactured by fermenting milk with a symbiotic culture 

of Streptococcus salivarius subsp. thermophilus and Lactobacillus delbrueckii 

subsp. bulgaricus (in 1:1 chain ratio). Culture bacteria should be active, viable and 

sufficient in number (at least 106 CFU/mL) up to 28 days shelf life of yogurt [60]. 

Symbiotic metabolism of these two bacterial species has positive combined effects 

on the fermentation properties (population growth and rate of lactic acid production) 

as compared to the metabolism of a single culture. In this type of symbiotic 

relationship, one bacterium produces substances, which are necessary for the 

growth of other bacterium. For instance, St. thermophilus create acidic and 
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anaerobic conditions by the production of formic acid, lactic acid and carbon dioxide, 

which supports the multiplication of Lb. bulgaricus. In return, Lb. bulgaricus stimulate 

the growth of St. thermophilus by the production of histidine, valine, glycine, glutamic 

acid, leucine, isoleucine and short peptides [61]. 

Generally, yogurt can be made by various types of milk, but cow’s milk is mostly 

used for the production of industrial yogurt. Milk should be free from antibiotics and 

bacteriophages contamination and have a low microbial count for the better growht 

of yogurt culture [62]. Typical whole fat yogurt has lactic acid titratable acidity ≥0.9% 

with milk fat 3.25% and milk solids not fat (MSNF) 8.25% [63]. Standard yogurt 

should have 13% total solids (TS), as the optimum growth of Lb. bulgaricus and St. 

thermophilus occurs in 12 and 14% TS, respectively [64]. Many techniques including 

boiling, evaporation, membrane filtration and addition of milk or whey powder are 

used for TS increase [65] 

On the base of production, yogurt is further divided into the set and stirred type 

yogurt. Set type yogurt is made by culturing the milk by the LAB in consumer 

containers and gel structure of curd is protected until the consumption. While for 

manufacturing of stirred type yogurt, first yogurt gel is obtained in large tanks, and 

curd is broken by stirring or agitation, then smooth and viscous yogurt is packed in 

cups for marketing. Both types of yogurt are further divided into several other 

commercial categories such as natural/plain yogurt, fruity yogurt, flavored yogurt 

and functional yogurt etc. [66]. 

2.4.1. Yogurt Processing  

The manufacturing process for set type yogurt (Figure 2.6) involves various 

processing steps like standardization, homogenization, pasteurization, cooling to 

incubation temperature, inoculation of LAB starter culture, packaging, incubation for 

fermentation (till pH 4.60), cooling and storage (4°C), which irreversibly modifies 

properties of milk [67].  

In the dairy industry, standardization of milk is necessary in order to achieve the 

same quality of yogurt during production. Total solids (fat and MSNF) are 

standardized either by removal or addition of desired substances. Generally, 

commercially manufactured yogurt has total solids in the range of 14-15%. Where 

total solids were increased by evaporation under vacuum treatment or manual 
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addition of skim milk powder. Stabilizers (pectin or gelatin) are also used for the 

improvement of texture and mouth feel [66]. 

Figure 2.6. Main processing steps in the manufacturing of set type yogurt [67]. 

Homogenization of milk is carried out by the high-pressure homogenizer at 15-20 

MPa pressure and 60-70°C temperature [68]. It is used to minimize fat separation 

from milk by gravity. It also produces white and viscous yogurt with homogenously 

distributed flavor [69]. After homogenization, the surface area of milk fat globules 

increases, therefore, it modifies the interactions with protein particles. Mostly, milk 

is homogenized before heat treatment in order to avoid the problem of post 

contamination in homogenizer [70].  
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The basic purpose of the heat treatment is to kill pathogenic microorganisms in raw 

milk. But for yogurt manufacturing, milk is processed above the normal 

pasteurization temperature (72°C for 15 sec). This improves the texture and water 

holding capacity of yogurt due to the denaturation of whey protein (β-globulins) on 

the surface of κ-casein. In yogurt production, two type of time-temperature 

treatments can be applied for pasteurization. One is known as batch pasteurization 

(80-85°C for 30 min) and other is continuous pasteurization (90-95°C for 5 min) [66]. 

Yogurt culture is oxygen sensitive and so heat treatment results in the removal of 

dissolved oxygen, hence it assists the growth of culture. 

After pasteurization, milk is cool down to incubation temperature (42-43°C) and LAB 

mix culture (St. thermophilus and Lb. bulgaricus) is used for the inoculation at a 

chain ratio of 1:1. And milk samples were incubated at an optimum temperature of 

43°C for about 4 hours. Generally, fermentation time depends upon the rate of 

inoculation and temperature of incubation. When pH of yogurt samples reduces to 

4.60, fermentation is rapidly stopped by cooling. 

There are two methods of cooling used in yogurt production; in one phase cooling, 

yogurt samples are cold to 5°C after fermentation and stored. While in two-phase 

cooling, temperature first reduced to 37°C then to 10°C, and finally stored at 4°C 

until the consumption [65]. 

2.4.2. Chemistry of Yogurt Production 

Degradation of milk components by LAB cultures results in the production of lactic 

acid and many other metabolites like peptides and organic acids. Some of them 

have health beneficial effects along with improved textural characteristics for 

fermented products like yogurt and cheeses [51]. 

In yogurt manufacturing, bacterial culture degrades lactose (disaccharide sugar) 

into two monosaccharides; glucose and galactose with the action of β-galactosidase 

enzyme, yet at the end of the fermentation process, lactose percentage is higher 

than other monosaccharide. Fermentation reduced lactose contents from 4.8 to 2.5-

2.6%. A complete breakdown of total lactose is not reachable; as bacterial growth 

declined with continuous production of lactic acid. Still, this residual lactose does 

not show any discomfort to lactose intolerant people [70].  
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The acidification process by fermentation of lactose to lactic acid results in 

solubilization of colloidal calcium phosphate (CCP) and it also disrupts the structure 

of casein micelles [71]. When pH of milk drops from 6.7 to 5.0, the net negative 

charge of casein micelles reduced with shrinking of charged hairy sites on κ-casein. 

It also decreases steric stabilization and electrostatic repulsions among micelles 

[72]. In addition, this fall in pH causes a decline in ionization and surface potential 

of the acidic groups in casein protein (aspartic, glutamic and phosphoserine 

residues). Ultimately, progressive removal of calcium (Ca) and inorganic 

phosphates (PO4
-3) from casein micelles to aqueous phase take place. In milk, 

complete solubilization of CCP occurred at pH ~5.0 [73]. When pH of milk reduced 

from 5.0 to 4.6 (isoelectric point of casein), increased hydrophobic and electrostatic 

interactions result in the formation of three-dimensional gel (acid curd) [74]. 

2.4.3. Flavor and Aroma  

Flavor and aroma development is the most important property for the sensory 

evaluation of fermented products. Sensory properties in dairy products mainly 

depend upon the relative balance of flavor and aromatic compounds derived from 

milk components (carbohydrate, protein or fat etc.). 

Aroma and flavor of yogurt are generally developed by fermentation process due to 

the production of volatile, non-volatile and carbonyl compounds. Source of milk and 

type of starter culture are two main responsible factors for the organoleptic 

properties. Typical flavor of yogurt is imparted by lactic acid and mixture of aromatic 

compounds. More than 90 volatile flavor compounds have been identified, among 

them acetaldehyde, diacetyl, acetoin, acetone, and 2-butanone play a significant 

role in bringing the typical aroma in yogurt [75].  

Acetaldehyde is the major aroma compound in yogurt, which delivers characteristic 

green apple or nutty flavor to yogurt. The production of acetaldehyde is 

predominantly achieved by LAB without alcohol dehydrogenase enzyme. Also, a 

significant increase in the level of acetaldehyde was observed in the symbiotic 

growth of St. thermophilus and Lb. bulgaricus.  

On the other hand, diacetyl improves yogurt quality at high concentration by 

supplying buttery flavor. It is produced by fermentation of citrate in milk. At the ratio 

of 1:1, acetaldehyde and diacetyl can provide a preferred distinct flavor to yogurt. 
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The conversion of diacetyl into acetoin occurred by enzyme diacetyl reductase. 

Similar to diacetyl, acetoin also has mild-creamy and sweet butter like flavor. 

Whereas, Acetone and 2-butanone impart sweet and fruity aromas with a minor 

contribution in yogurt flavor [76]. 

2.4.4. Texture  

The texture is considered as one of the essential features for yogurt quality. In food 

products, texture explains all rheological and structural attributes achieved by the 

means of mechanical, visual and sensorial evaluation [77].  

Texture evaluations are either subjective by trained panelists (sensory evaluation) 

or objective using an instrument (mechanical or rheological study). Instrumental 

measurements of texture profile are achieved by using two-stage compression test 

in texture profile analyzer (TPA) by probes of different shapes. Force (stress) and 

deformation (strain) are two major factors of texture characterization [78]. A number 

of textural parameters such as hardness, gumminess, cohesiveness, and 

springiness can be determined from resulting force-time curve, also known as TPA 

curve [79].  

Hard structure, aggregation, and serum separation are considered as most 

important examples of textural impairments. As low total solids, insufficient heat 

treatments, low acidity or high incubation temperature are responsible for the poor 

texture of yogurt. Also, reduction of fat can result in the development of fragile 

texture due to weak protein gel formation in yogurt [80]. 

Yogurt is classified as pseudo-plastic material that can be either viscoelastic solids 

(set type) or viscoelastic fluid (stirred type). Viscoelastic means that material exhibit 

both elastic and viscous properties under deformation. Structural breakdown of 

yogurt by applied shear force is not reversible, even after removal of stress [74]. 

Several parameters like quality and composition of milk, time/temperature 

combination for heat treatment, starter culture type or quantity, incubation and 

storage temperatures have major effects on textural properties of yogurt [81]. Yogurt 

texture can be improved by denaturation of milk proteins with heat treatment above 

70°C, that also improve water holding capacity. Moreover, a little increase in TS 

positively affects the texture and viscosity of yogurt [82]. But very high TS negatively 

affect the propagation of LAB culture due to less remaining water.  
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Water holding capacity (WHC) is another way to express the strength and firmness 

of yogurt. It can be defined as the percentage of the concentrated gel obtained after 

static or centrifugal drainage. As a forced syneresis, WHC does not provide any 

information about spontaneous syneresis defect in set type yogurt [83]. 

2.5. Functional Yogurt  

Yogurt is considered as a vehicle for delivering bioactive peptides and probiotic 

bacteria. It also has numerous health benefits like lactose intolerance, bone 

mineralization, weight management, laxation and gut-associated immune response 

[84]. These health beneficial effects can be improved by the addition of probiotic 

bacteria and bioactive peptides in conventional yogurt and their control release in 

human gastrointestinal tract through proteolytic activities. Due to the presence of 

prebiotics and probiotic bacteria, Activia® type functional yogurts can also recover 

digestive health [62]. Also intestinal functions can be favorably modified by the 

consumption of Activia® yogurt containing Bifidobacterium animalis (108 CFU/g) 

[85]. 

The most important type of functional yogurt is probiotic yogurt, also known as bio 

yogurt. It consists of additional starter cultures (Lactobacillus acidophilus and 

Bifidobacterium bifidum, also known as AB culture), that play an important role in 

modification of human's gut because of their abilities to survive in intestinal tract 

[86]. Fruits based dietary fibers (as prebiotics) were also used for the production of 

probiotic yogurt. Their effects on titratable acidity and fatty acid profiles of skim milk 

probiotic yogurt types were studied. And it was reported that fatty acid profile of 

functional yogurt can be improved by fruits based dietary fibers [87]. Probiotic yogurt 

with passion fruit peel powder was prepared and it was observed that peel powered 

caused reduction of fermentation time and the rise of titratable acidity with texture 

improvement [80, 88]. In another study textural firmness was significantly affected 

during the preparation of probiotic yogurt by concomitant supplementation of vegetal 

oil emulsion and passion fruit peel powder, with no influence on fermentation time 

[89]. However, the addition of pineapple peel powder is reported to adversely affect 

both fermentation time and firmness of probiotic yogurt [90].  

In functional yogurt, the addition of flaxseed and blackcurrant oils were 

accomplished in order to increase the level of ω-3 fatty acids (α-linolenic acid). And 
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this addition did not cause any effect on the growth of LAB [91]. Also, Rognlien et 

al. [92] used butter and fish oils for the enrichment of ω-3 lipids in functional yogurt 

and the effect of their oxidation was observed on the sensory perceptions. And the 

flavor and overall acceptability were slightly acceptable for yogurt samples with 

butter and fish oil.  

On the other hand, yogurt fortification with encapsulated polyphenols of olive fruits 

enhanced the digestion and lipid metabolism by promoting the bacterial growth of 

LAB during fermentation and storage. It also revealed an adverse effect on the 

growth of spoilage microorganisms (yeast and molds etc.). Additionally, reduction 

of body weight, blood pressure, and LDL (Low-density lipoprotein) cholesterol level 

have been reported with the consumption of olive-based yogurt for 2 weeks (p < 

0.05) [93]. During initial incubation, pH was rapidly dropped to 4.60 in yogurt 

samples enriched with olive polyphenols and then during storage protective effects 

against undesirable pH reduction was contributed by these polyphenols (in the 

concentration of 500-1000 ppm) [94]. In another study, high levels of phenolic and 

anthocyanin compounds (78.46 and 17.7 mg/kg, respectively) were reported in 

yogurt samples prepared from red grape extracts. Radical scavenging capacities of 

these yogurt samples decreased with storage time but no significant difference for 

aroma was observed by sensory evaluation [95].  

In recent years, resveratrol (trans-3 5 4'-trihydroxystilbene) has received 

considerable attention due to its anti-proliferative effects (chemo-preventive) on 

cancerous cells. In a study, Emirdağı [96] used 100 ppm standard resveratrol for 

yogurt production, and about 85% resveratrol was found to be attached to milk 

proteins even at the end of 21 days of storage. Also, it has been reported that 

resveratrol has no adverse effect on the production and texture of yogurt during 

fermentation and storage period. 

2.5.1. GABA Fortified Yogurt 

A number of studies have reported manufacturing of GABA fortified yogurt by 

supplementation of germinated brown rice. GABA fortified yogurt was developed by 

using LAB and GBR with a higher concentration of GABA (137.17 μg/g of dry matter) 

[97]. Also, soy yogurt with GABA content of 424.67 μg/g (dry matter) was prepared 

by using germinated soybean extracts and LAB [98]. In both cases, fermentation 
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was achieved for 24 hours by using high GABA producing LAB species 

(Lactobacillus acidophilus, Lactobacillus plantarum, and Lactobacillus brevis OPY-

1) at 37°C.  

On the other hand, some studies developed GABA enriched yogurt by using 

conventional yogurt culture and GBR. Generally, GABA containing GBR (in flour or 

paste form) were mixed with skim milk powder and fermentation was achieved for 

12 hours at 37°C after pasteurization [99, 100]. Whereas, Liu et al. [101] used bovine 

raw milk and pure GABA standards for the manufacturing of fortified yogurt and 

described that GABA addition (0.5%) has a great role on the improvement of textural 

properties in yogurt.  

In another study, Lb. plantarum NDC75017 along with commercial starter culture 

was used as GABA producing LAB in skim milk and fermentation was accomplished 

for 48 hours at 30°C. Higher GABA quantity of 314.56 mg/100 g was produced after 

optimizing the concentration of coenzyme P5P (pyridoxal-5-phosphate at 18 µM) 

and MSG substrate (L-monosodium glutamate at 80 mM) [36]. Similarly, GABA 

producing St. thermophilus APC151 was used for yogurt manufacturing from the 

skim milk having 2.25 mg/mL MSG. And after fermentation of 48 hours at 42°C, 

GABA was produced in the amount of 2.10 ± 0.16 mg/mL coagulated milk [102].  
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3. MATERIAL AND METHODS 

3.1. Materials and Chemicals 

Brown rice (Japonica varieties of Oryza sativa L.) was purchased from the local 

market (Migros, Ankara). The fresh whole cow milk was supplied from A.O.Ç 

(Atatürk Orman Çiftliği) Dairy Industry, Ankara and brought to the laboratory of 

Department of Food Engineering, Hacettepe University, on the same day in cold 

storage conditions. 

Whereas, HPLC grade methanol, acetonitrile, ethanol, γ-aminobutyric acid 

standard, γ-oryzanol standard, C18 Supelcosil LC-DABS (4.6 mm i.d. ×150 mm) 

column, dabsyl chloride, ABTS [2,2’-azinobis-(3-ethylbenzothiazoline-6-sulfonic 

acid)], potassium persulfate, Trolox standard, sodium hydroxide, hydrochloric acid 

and dihydrogen potassium phosphate were purchased from Sigma-Aldrich 

(Germany). 

3.2. Germination of Brown Rice 

Brown rice was cleaned with sufficient amount of distilled water. For germination of 

brown rice, cleaned brown rice was soaked in distilled water (ratio 1:3, w/v) and 

placed in an oven at a temperature of 35°C. The water was replaced by equal 

quantity after every 4 hours’ interval [103]. At the end of 0, 12, 24, 36, 48, 60, 72, 84 

and 96 hours of germination, samples were oven dried at 30°C, milled by coffee 

grinder (Tefal, Ankara) for 3 min and stored in closed plastic containers at 4°C for 

further analysis. 

3.3. Compositional Analyses of Rice Samples 

The total solids, fat, protein and ash contents of rice samples were determined 

according to the methods of American Association of Cereal Chemists (AACC) 

[104].  

3.4. GABA Extraction from GBR 

Extraction of GABA from 84 hours GBR was achieved according to Soi-ampornkul 

et al. [105], with some modifications (Figure 3.1). Briefly, extraction of dried GBR 

flour was obtained with 2-steps rinsing by deionized water (20 and 10 mL) and 

centrifugation (Sigma 3-18K, Germany) at 5000 and 8000×g for 20 and 10 min 

respectively, at 20°C. This method was repeated for two and four times, in order to 
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get crude extracts from 20 and 40 g GBR, respectively. All supernatants were 

collected after passing through 1 mm pore sized Whatman filters, and autoclaved at 

121°C and 15 psi for 15 min. Finally, sterilized supernatants were lyophilized by 

freeze dryer and used for the production of functional yogurt.  

Figure 3.1 Preparation of crude GBR extracts. 

3.5. Production of Control and GABA Fortified Yogurt 

Control and GABA fortified yogurt were prepared according to Liu et al. [101], with 

minor modifications. For the production of control yogurt, milk was pasteurized at 

the temperature of 95°C for 5 min in order to destroy pathogens and then cooled to 

43°C. Inoculation was achieved with conventional yogurt culture Streptococcus 

salivarius subsp. thermophilus and Lactobacillus delbrueckii subsp. bulgaricus. And 

mixture of pasteurized milk and LAB culture was incubated at 43°C for 3-4 hours. 

Yogurt fermentation was sustained till pH value of 4.60 and then stopped by rapid 

cooling to 4°C.  

For the production of GABA fortified yogurt, initial steps were the same as described 

above. Brown rice after 84 hours of germination were selected for extraction 

10 g GBR flour + 20 mL water

20 min rinsing and centrifugation at 5000 rpm at 20°C

Supernatant was taken and filtered

Addition of 10 mL water on obtained precipitate

10 min rinsing and centrifugation at 8000 rpm at 20°C

Again supernatant was taken and filtered

Sterilization at 121°C and 15 psi for 15 min

Freeze drying
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because of higher GABA content. After sterilizing and freeze-drying, GABA 

containing crude GBR extracts were mixed with pre-pasteurized milk samples (100 

g). Similarly, pure GABA standard (10 mg) was also added into milk (100 g). And all 

milk samples with GABA were homogenized at 15000 rpm for 3 minutes. After 

homogenization (60°C), cooling, and the addition of LAB culture, fermentation was 

achieved at 43°C. At the end of fermentation, all types of yogurt samples were 

stored for 21 days. Detailed information about the differences among the all types 

of yogurt samples is given in Table 3.1. 

Table 3.1. The differences among all types of yogurt samples. 

Abbreviation Yogurt Samples 

CTR-Y Control Yogurt without any addition 

CTR-G Yogurt with 10 mg GABA standard for 100 g milk 

GBR20 Yogurt with crude extracts of 20 g GBR for 100 g milk 

GBR40 Yogurt with crude extracts of 40 g GBR for 100 g milk 

For all yogurt samples, physicochemical analyses such as compositional analyses, 

WHC, texture, GABA content and total antioxidant capacity were determined at 

intervals of 1, 7, 14 and 21 days of storage. However, sensory evaluation was 

performed only for CTR-Y, GBR20, and GBR40 types yogurt samples after 1 day of 

storage. 

3.6. Physico-chemical Analyses of Milk and Yogurt 

The pH of milk and yogurt samples was measured by hand type pH meter (EZ Do 

7011, Gondo Electronic Co. Ltd., Taiwan). Whereas the titratable acidity (% lactic 

acid), total solids, fat, protein and ash contents in milk and yogurt samples were 

determined with reference of Association of Official Analytical Chemist (AOAC) 

[106].  

3.7. GABA Analyses for Rice and Yogurt 

About 0.25 g GBR and 1 g yogurt samples were placed in Eppendorf tube containing 

1 mL of 70% ethanol and vortexed for 1 minutes. Then the mixture was centrifuged 

(Sigma 3-18K, Germany) at 7000 rpm (4°C) for 10 minutes and 300 µL supernatant 

was removed. After adding 50 µL 0.1 N HCl and 450 µL 0.15 M NaHCO3 (pH 9.2) 
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on the removed supernatant, it was stirred for 1 minute. For derivatization, 100 μL 

of 4 mM dabsyl chloride (prepared in acetonitrile) was added and mixed well then 

placed in water bath at 70°C for 15 minutes and the reaction was stopped by sudden 

cooling. A mixture of 70% ethanol and 25 mM KH2PO4 was prepared in 1:1 ratio, 

then 500 μL of it, discharged into the previous mixture and centrifuged at 15000×g 

for 5 minutes at 10°C. After passing through 0.22 μm syringe filter (Millipore, 

Bedford, MA, USA), the supernatant was taken into HPLC vials [107, 108]. 

GABA standards were prepared similarly by using a different amount of pure GABA 

(0, 5, 10, 20, 40 and 80 mg/L) in 70% ethyl alcohol and calibrated curve and 

correlation constant were determined. The obtained calibration curve and 

correlation coefficient (R² = 0.9935) are shown in Annex 1. Whereas HPLC 

chromatograph for 40 mg/L standard GABA is shown in Annex 2. 

For analyses, Agilent Technologies 1100 HPLC (Waldbronn, Germany) containing 

binary pumps system, diode array detector (DAD) and thermostat column were 

used. Injection volume was 5 μL and mobile phase composition was A: 25 mM, 

KH2PO4 (pH 6.8) and B: acetonitrile/methanol (70:30%) with a flow rate of 1.5 

mL/min and mobile phase gradient: (Time: B%): 0-9 min: 20%; 9-23 min: 20-35%; 

23-24 min: 35-40%; 24-30 min: 40-45%. Chromatographic separation of dabsyl 

amino acid (dabsyl-aa) was carried out by using C18 Supelcosil LC-DABS (4.6 mm 

i.d. × 150 mm) column and DAD wavelength of 456 nm. The total analysis was 

completed in 40 min. Duplicates were analyzed independently and results were 

described in mg GABA/100 g of rice (on dry basis) and yogurt sample (on fresh 

basis). 

3.8. Total γ-oryzanol contents 

Total γ-oryzanol contents were determined by using HPLC, according to Jeng et al. 

[109], with little modifications. About 1g rice sample was mixed with 4 mL methanol. 

After vortexing for 1 minute, it was subjected to centrifugation for 10 minutes at 

850×g (Sigma 3-18K, Germany). Then, after filtration through 0.22 μm syringe type 

filters (Millipore, Bedford, MA, USA), the supernatant was taken into HPLC vials and 

stored at -20°C for HPLC analysis (Agilent 1100, series, Waldbronn, Germany). 

For calibration, standards were prepared by using a different amount of pure γ-

oryzanol (5, 10, 25 and 40 mg/L) in methanol and calibrated curve and correlation 
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constant were determined for total γ-oryzanol. The obtained calibration curve and 

correlation coefficient (R² = 0.9948) are shown in Annex 3. Whereas HPLC 

chromatograph for 40 mg/L γ-oryzanol is shown in Annex 4. 

Mobile phase composition was a mixture of methanol and acetonitrile (75:25) with 

a flow rate of 1 mL/min. While injection volume was 50 μm. A C18 inertsil ODS 

column (4.6 mm, 250 mm, 5 μm) with DAD wavelength (325 nm) was used for 

chromatographic separations of γ-oryzanol. Results were determined for rice only 

and expressed as mg γ-oryzanol/kg of dry matter, after duplicate analyses. 

Whereas, percent composition of γ-oryzanol (ferulates) was calculated by dividing 

the individual area by the total area. 

3.9.  Water Holding Capacity 

Water holding capacity (WHC) was calculated according to Sahan et al. [110] with 

minor modifications. Briefly, ~10 g yogurt sample (Yw) was centrifuged for 20 min 

at 5000 rpm and 4°C. The supernatant (whey) was removed and weight of remained 

pellet (Pw, g) was measured.  

The WHC (expressed in percentage) was determined as;  

WHC (%) = 
Pw

Yw
×100 

3.10. Textural Analyses 

Texture analysis of yogurt was determined according to Najgebauer-Lejko et al. 

[111]. Texture measurements were carried out by Texturometer model TA-PLUS 

(Lloyd, UK), where back extrusion test (BET) was performed by using a probe of 0.5 

cm diameter. Different parameters such as hardness, gumminess, cohesiveness, 

and springiness, which provide information about textural properties of yogurt 

samples were obtained from Nexygen 2.0 (Lloyd, England) by using force versus 

time curve graphs (TPA curve). 

3.11. Measurement of Antioxidant Capacity 

The total antioxidant activity of samples (rice and yogurt) were analyzed by 

“QUENCHER” method as described by Serpen et al. [112]. About 10 mg GBR or 60 

mg fresh yogurt sample was mixed with 10 mL working solvent of ABTS·+ radical 

and shaken for 27 min at 350 rpm, centrifuged (Sigma3-18K, Germany) for 2 min at 
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8000 rpm. Finally, absorbance of the supernatant was measured by 

spectrophotometer at the wavelength of 734 nm.  

First stock solution of ABTS·+ radical was prepared in a final concentration of 7 

mmol/L ABTS and 2.45 mmol/L K2S2O8 and allowed to stand in dark place for about 

15 hours at room temperature. Then ABTS·+ working radical solvent was prepared 

by diluting the stock solution with the mixture of ethanol and deionized water (in the 

ratio of 1:1) till absorbance of 0.70-0.80 at 734 nm. Standard Trolox solutions were 

made in concentration range of 0, 100, 200, 300, 400, 500 and 600 µg/mL Trolox in 

methanol. A standard calibration curve was determined by mixing 0.1 mL standard 

solution of each concentration with 10 mL ABTS·+ working radical solvent and their 

absorbance was measured at 734 nm. The obtained calibration curve and 

correlation coefficient (R² = 0.9976) are shown in Annex 5. 

Individual duplicate samples were analyzed and total antioxidant activity was 

determined by comparing standard curve. All results were represented as Trolox 

equivalent antioxidant capacity present in 1 kg dry matter (mmol TEAC/kg dry 

matter). 

3.12. Sensory Evaluation 

Sensory evaluation was determined according to Peryam and Girardot [113] with 

minor modifications. Briefly, 12 trained panelists consist of faculty members and 

postgraduate students of the Food Engineering Department, Hacettepe University 

Ankara, were requested to evaluate the appearance, texture/flavor, color and overall 

acceptability of the prepared yogurt samples. The assessments were represented 

on the 9-point hedonic scale ranging from 9 (“like extremely”) to 1 (“dislike 

extremely”). The used sensory evaluation scorecard is attached in Annex 6. 

3.13. Statistical Analysis 

All duplicate results were expressed in the form of mean ± standard deviation after 

analyzing with SPSS 23.0 software (SPSS, Inc., Chicago, Ill., USA).) Also, one-way 

analysis of variance (ANOVA) has been used in order to study the effect of 

germination and fermentation on the GABA content, total γ-oryzanol, WHC, texture 

and total antioxidant capacity. The differences between means were conducted by 

using DUNCAN’s multiple range test and results with p < 0.05 were considered 

statistically significant.  
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4. RESULTS AND DISCUSSION 

4.1. Brown Rice 

Brown rice (BR) have more nutritional benefits and low glycemic index as compared 

to white rice (WR) [114]. Loss of these beneficial effects in WR occurs with the 

removal of bran layers during the polishing process [115]. However, consumption of 

BR is lower than WR, mainly due to the poor eating texture. But in recent years, the 

popularity of brown rice is increasing because of their higher antioxidant and fiber 

contents [116]. Also, germination is recognized as an efficient method to improve 

the texture and palatability of cooked brown rice [27]. 

In this study, BR (Japonica varieties of Oryza sativa L.) were purchased from local 

market. And instead of using sodium hypochlorite (NaOCl) for the reduction of 

microbial load, BR was surface cleaned by rinsing with enough amount of distilled 

water. Because previous studies reported that NaOCl as a strong oxidant has 

caused adverse effects on γ-oryzanol contents and total antioxidant capacity of 

brown rice [117, 118]. In another scale-up study, hot water (90°C) treatment for 90 

sec was found to be effective for the elimination of pathogens, but it significantly 

reduced germination yield [119]. This could be explained by partial inactivation of 

the hydrolytic enzymes responsible for germination. Many bio-functional 

components and phytochemicals such as GABA, γ-oryzanol, vitamins, minerals, 

tocopherols, flavonoids, phenolic acids and proanthocyanidins in bran layer of BR 

can be increased through germination process [120]. Therefore, distilled water was 

used at room temperature without any disinfectant for the efficient germination of 

brown rice. 

4.2. Germinated Brown Rice 

After proper cleaning, brown rice was soaked in distilled water (1:3, w/v) and 

germinated for 96 hours. In order to prevent or reduce microbial load, replacement 

of equal quantity of distilled water was repeated after regular intervals. Also, 

samples were taken after every 12 hours and oven dried at 30°C.  

An elongation in sprouts was observed by increasing germination time, as shown in 

Figure 4.1. At the end of germination, sprouts length was increased up to 24 mm. 

Some studies reported a linear relation between sprouts length and GABA 
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production [34, 121]. However, Lu et al. [42] found a negative relation between 

GABA synthesis and length of sprouts. 

Figure 4.1. The sprouting of GBR at different hours of germination. 

Composition analyses of brown rice before and after germination are presented in 

Table 4.1. The results indicated that total solids of BR increased during germination. 

Normally BR have hygroscopic nature due to expendability of starch cells with water 

absorption and moisture contents less than 15% [122], which is similar to our results. 

In a germination study, Xu et al. [31] determined breakdown of starch molecules by 

enzymes, which was already explained in section 2.3. 

In GBR samples, total solids contents increased with degradation of starch 

molecules, as water absorption was decreased. Also further increase in total solids 

contents were observed with prolonged germination. While protein and fat contents 

increased accordingly to the total solids. 

Table 4.1. Composition (%) of brown rice before and after germination. 

Germination 
Time (hours) 

Total solids* Protein* Fat Ash* 

0 87.67 ± 0.17 9.38 ± 0.13 2.19 1.26 ± 0.03 

12 94.42 ± 0.07 10.73 ± 0.20 2.38 1.34 ± 0.04 

24 94.32 ± 0.20 10.73 ± 0.11 2.40 1.25 ± 0.05 

36 94.54 ± 0.30 11.08 ± 0.18 2.57 1.21 ± 0.02 

48 94.80 ± 0.18 10.73 ± 0.48 2.51 1.09 ± 0.06 

60 94.63 ± 0.47 10.46 ± 0.12 2.51 1.02 ± 0.04 

72 95.36 ± 0.14 11.04 ± 0.41 2.63 1.04 ± 0.07 

84 95.27 ± 0.11 11.37 ± 0.14 2.68 0.96 ± 0.01 

96 94.69 ± 0.42 11.19 ± 0.12 2.79 1.01 ± 0.02 

* Values are the mean ± standard deviation of duplicate experiments. 

0         12        24        36         48          60            72           84              96   hours (germination) 
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4.2.1. γ-aminobutyric Acid Content in GBR  

In non-germinated brown rice (NGBR), GABA has been found to be 4.96 mg/100 g 

dry matter. Brown rice generally contain GABA in the range of 1-10 mg/100 g dry 

matter, depending upon rice cultivars, as described by related literature [123, 124]. 

GABA content of brown rice significantly increased with germination (p < 0.05), as 

shown in Figure 4.2. Where highest GABA content was observed in GBR after 84 

hours (70.50 ± 0.04 mg/100 g dry matter), which is about 14 times higher than 

NGBR. Similar results were presented by Ohtsubo et al. [125], who reported an 

increase in GABA as 11.5 folds to NGBR, after 72 hours of germination. 

a-h, Different lowercase letters show statistical difference among GBR types (p < 0.05) 
Error bars are used for the standard deviation (SD ± 2) of duplicate samples. 

Figure 4.2. Effect of germination period on GABA contents. 

GABA is produced by α-decarboxylation of L-glutamic acid or glutamate, in the 

presence of glutamate decarboxylase (GAD) enzyme and its cofactor pyridoxal 5-

phosphate (P5P) [126]. During germination, water uptake improved enzymatic and 

proteolytic activities. As a result, starch decomposed into smaller oligosaccharide, 

disaccharide and monosaccharide. Whereas, protein degrades into polypeptides, 

peptides and amino acids. Therefore, maximum degradation of proteins with free 

amino acids (e.g. glutamic acid) and low pH may be the reasons for increased rate 

of GABA production at 84 hours. And an inverse relation was observed between 

GABA content and glutamic acid during germination, where low pH has a positive 
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influence on the decarboxylation of glutamic acid [127]. The decrease in GABA 

content at 96 hours of germination may be attributed to the reduction of glutamic 

acid or GAD enzyme concentration. In another study, Liu et al. [121] observed the 

effects of different pH solvents on the germination process. And as compared to tap 

water, 39.76% rise in GABA content was reported by using strong acidic 

electrolyzed water. Also, it has been reported that pH 5.0-6.0 was ideal for GABA 

production at 40°C after soaking for 4 hours [27]. 

In our study, reduction in pH was observed (generally from ca. 6.0 to 4.0) in replaced 

water after every 4 hours of germination. This pH decrease might be explained by 

the production of GABA. Water replacement during germination maintained the pH 

values above 4.0. Otherwise, GABA production could be affected as GAD enzyme 

has maximum activity at pH 6.0 [128].  

4.2.2. Total γ-oryzanol Contents in GBR  

γ-oryzanol is a combination of trans-ferulic acid esterified with sterols or triterpene 

alcohols. The total amount of γ-oryzanol is expressed as the sum of four basic 

ferulate components (cycloartenol ferulate, 24-methylene cycloartenol ferulate, β-

sitosteryl ferulate and campesteryl ferulate). 

Overall γ-oryzanol contents did not change significantly with germination in general, 

as shown in Figure 4.3. Oryzanol contents have decline statistically from the 

beginning of germination to 24 hours and this reduction was ca. 4%. After 72 hours 

of germination, the reduction of total γ-oryzanol (ca. 9%) was found to be significant 

(p < 0.05).  

During germination, high activity of feruloyl esterase may be the reason of oryzanol 

reduction, which causes the release of the ferulic acid component by hydrolyzing 

the esters of phenolic acids [129]. Some studies reported no difference in total 

oryzanol after germination [57, 125]. While other investigations revealed that γ-

oryzanol contents increased after germination [126, 130]. On the other hand, the 

effect of germination on γ-oryzanol was studied by Kiing et al. [131], who germinated 

eight different rice cultivars for 24 hours, and slight oryzanol increase was observed 

in only three of them while it reduced in rest of the cultivars. These differences in γ-

oryzanol contents may arise due to the changes in germination conditions and 

varieties of brown rice. 
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a-c, Different lowercase letters show statistical difference among GBR types (p < 0.05) 
Error bars are used for the standard deviation (SD ± 2) of duplicate samples. 

Figure 4.3. Effect of germination time on total γ-oryzanol.  

The germination process has also influenced percent composition of total γ-

oryzanol, as described in Table 4.2. 

Table 4.2. The effect of germination on (%) components of γ-oryzanol. 

Germination 
Time (hours) 

Cycloartenol 
ferulate 

24-methylene 
cycloartenol 

ferulate 

β-sitosteryl 
ferulate 

Campesteryl 
ferulate 

0 35.4 32.9 18.6 13.1 

12 35.4 33.2 18.5 12.9 

24 34.9 33.9 18.3 12.9 

36 35.5 33.9 18.2 12.3 

48 35 33.9 18.4 12.7 

60 35.3 33.5 18.4 12.9 

72 35.3 34 18.3 12.5 

84 35.6 33.8 18.1 12.4 

96 35.5 34 18.1 12.4 
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The amounts of cycloartenol ferulate and 24-methylene cycloartenol ferulate were 

increased after 96 hours of germination, while campesteryl ferulate and β-sitosteryl 

ferulate reduced as compared to NGBR. Literature is very limited for the explanation 

of germination effects on the composition of total γ-oryzanol [118]. 

4.2.3. Effect of Germination on Total Antioxidant Capacity 

In this study, total antioxidant capacity was measured by “QUENCHER” method and 

calculated as Trolox equivalent antioxidant capacity (mmol TEAC/kg dry matter). 

The changes in the antioxidant capacity of GBR is shown in Figure 4.4. The total 

antioxidant capacity of brown rice decreased during the first 12 hours of germination, 

then increased up to 84 hours with little deviations (p < 0.05).  

a-e, Different lowercase letters show statistical difference among GBR types (p < 0.05). 
Error bars are used for the standard deviation (SD ± 2) of duplicate samples. 

Figure 4.4. The changes in total antioxidant capacities during germination. 

These variations in total antioxidant capacity can be attributed to redox biology of 

the plants. During germination, hydrogen peroxide (H2O2) and reactive oxygen 

species (ROS) such as superoxide anions are continuously increased with the 

imbibition of water, caused oxidative stress, and result in reduced antioxidant 

capacity.  
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Then rise in antioxidant activity was observed after 24 hours of germination. 

Antioxidant enzymes are being produced in water absorbed cells by prolongation of 

germination period, in order to maintain the balance of redox homeostasis. These 

antioxidant enzymes (peroxidase, superoxide dismutase and catalase etc.) quench 

the produced ROS and oxidized proteins. They also protect the cells from oxidative 

damages.  

The change in color of grains occurred by over-accumulation of ROS. Black spots 

in rice grains were appeared due to the superoxide anion and bleaching was caused 

by H2O2. As shown in Figure 4.5. (A), He et al. [132] showed the color difference by 

ROS and similar observation were demonstrated by our findings, as in Figure 

4.5.(B).  

Figure 4.5. The accumulation of ROS during germination of brown rice; A: findings 

of He et al. [132] and B: results of this thesis. 

On the other hand, the total antioxidant capacity of brown rice is also significantly 

affected by the presence of oryzanol and phenolic acids compounds [129, 133]. It 

is well known that oryzanol is a very strong antioxidant compound found in rice bran 

oil. Brown rice is a very important source of γ-oryzanol, which was preserved during 

germination (described in Section 4.2.2). Since disinfectant (hypochlorite) as a 

cleaning agent was not used before germination, as it has adverse effect on total γ-

oryzanol contents. 
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4.3. Yogurt 

4.3.1. Physicochemical Properties of Milk 

Pasteurized milk prepared for yogurt production was purchased from A.O.Ç and the 

results of physicochemical analyses of milk were given in Table 4.3. 

Table 4.3. The physicochemical properties of milk used for yogurt preparation. 

pH / Temperature (°C) 6.76 / 11 

Titratable acidity* (%Lactic acid) 0.15 ± 0.006 

Total Solids* (%) 12.23 ± 0.010 

Fat* (%) 3.05 ± 0.071 

Protein* (%) 3.58 ± 0.079 

Ash* (%) 0.67 ± 0.228 

*Values are the mean ± standard deviation of duplicate experiments. 

4.3.2. Yogurt Production 

In this study, set type yogurt samples were produced with GABA fortification. Two 

types of control yogurt samples were prepared; first control was conventional yogurt 

(CTR-Y) and second control was GABA standard containing yogurt (CTR-G). As no 

GABA was detected in control CTR-Y yogurt, so it cannot be used for comparison 

of GABA fortified yogurt samples. But CTR-Y yogurt was used for comparison of 

antioxidant capacity, textural and sensory evaluations. While other control (CTR-G) 

was only used for the comparison of GABA contents in yogurt samples containing 

GBR crude extracts.  

After fermentation, images of all types of yogurt samples (with and without GABA 

fortification) are presented in Figure 4.6. As it can be seen that color and overall 

appearance are different among yogurt samples. Development of brown color in 

yogurt was observed with the addition of GBR crude extracts. As water extracts of 

GBR flour were sterilized for safety reasons and freeze-dried before its addition to 

milk samples. This high temperature sterilization also caused the development of 

Maillard browning in obtained extracts. 
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Figure 4.6. Images of different types of yogurt samples. 

In pre-experiments, different concentrations (1-5%) of GBR flour were added to the 

milk and used for the production of set type yogurt. GABA was not detectable even 

at a maximum concentration of 5%. Although very fine particles of GBR flour were 

used and homogenized (at least for 5 min at 15000 rpm), but slow precipitation was 

observed during fermentation (even with the addition of 1% flour). Yogurt texture 

was extremely affected by the increase of GBR flour. For improvement of yogurt 

texture, crude extracts were obtained from the GBR flour and used for GABA 

fortification. After germination of 84 hours, GBR flours in the quantity of 20 and 40 

g were found suitable for the extraction of enough amount of GABA and yogurt 

production with improved texture. 

4.3.3. Effect of Storage Period on Total solids and pH of Yogurt Samples  

In all yogurt samples, the effect of storage period (21 days) on the changes in total 

solids are shown in Table 4.4. An increase in total solids were observed with both 

GABA addition and storage time. Among yogurt types, this increase can be 

elaborated with rise in dry matter by addition of GABA standard or extracts. Whereas 

the evaporation phenomenon can explain the increase in total solids with storage 

period. 

Table 4.4. Effect of storage conditions on total solids (TS*) of yogurt samples. 

*Values are the mean ± standard deviation of duplicate experiments. 

Days 
 
            Types 

1 7 14 21 

CTR-Y 12.28 ± 0.01 12.33 ± 0.001 12.42 ± 0.03 13.09 ± 0.22 

CTR-G 12.76 ± 0.06 12.86 ± 0.03 12.88 ± 0.03 13.12 ± 0.02 

GBR20 12.38 ± 0.02 12.50 ± 0.03 12.53 ± 0.01 12.58 ± 0.09 

GBR40 12.46 ± 0.05 12.64 ± 0.02 12.68 ± 0.09 12.69 ± 0.03 

CTR-Y (control yogurt), CTR-G (yogurt with GABA standard), GBR20 (yogurt with crude extract 

of 20 g GBR) and GBR40 (yogurt with crude extract of 40 g GBR). 
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Also, pH changes were monitored in yogurt samples during the storage period, as 

shown in Table 4.5. When the pH reached to 4.60, the fermentation was terminated 

by rapid cooling to 4°C. After 1 day of storage, pH of control yogurt (CTR-Y) dropped 

to 4.56. Also, a slow reduction in pH was perceived for all yogurt samples during 

storage of 21 days. It shows the continuous production of lactic acid by yogurt 

culture even at 4°C.  

Table 4.5. Effect of storage conditions on pH of yogurt samples. 

Days 
 
                Types 

1 7 14 21 

CTR-Y 4.56 4.41 4.26 4.19 

CTR-G 4.72 4.43 4.31 4.25 

GBR20 4.50 4.28 4.19 4.13 

GBR40 4.44 4.25 4.15 4.10 

A rise in pH of yogurt was observed after the addition of GABA standard in CTR-G 

yogurt. Similar results were reported by Liu et al. [101], who noticed higher pH value 

(4.90) for yogurt samples fortified with 1% GABA. 

On the other hand, pH values reduced for yogurt samples containing crude GABA 

extracts. This decrease could be explained by the presence of reducing sugars in 

GBR crude extracts, which may be responsible for the increased acid development 

during fermentation.  

4.3.4. GABA Fortified Yogurt 

GABA content was not detected in the production of control yogurt (CTR-Y), 

therefore it was not used for the comparison. Other control yogurt (CTR-G) was 

prepared with standard GABA for the evaluation of GABA fortified yogurt samples. 

Before fermentation (BF), 10 mg of GABA standard was added into 100 g milk for 

CTR-G yogurt and 12.54 and 26.24 mg of GABA in the form of crude extracts (pre-

calculated by HPLC) were added into 100 g milk samples for GBR20 and GBR40 

yogurt samples, respectively.  

After fermentation GABA reduction of about 10.36, 14.39 and 18.57% was observed 

in CTR-G, GBR20 and GBR40 yogurt samples, respectively (p < 0.05), as shown in 

Figure 4.7. Similar results were reported by Anawachkul and Jiamyangyuen [100], 

who manufactured GABA enriched yogurt, and about 24% loss was observed in 
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GABA quantity after fermentation. On the other hand, Liu et al. [101] have described 

that yogurt processing conditions (fermentation) have no significant effects on the 

GABA content. This statement is conflicting to other studies of the same group, 

where they reported that many factors like heating, homogenization and milk 

fractions (casein, whey, and lactose) have a negative influence on the GABA 

content. They also observed the formation of GABA dimers due to the self-reaction 

process, which may be another reason for GABA loss [4, 134].  

a-c, Different lowercase letters show statistical difference among yogurt types (p < 0.05) 
A-B, Different uppercase letters show statistical difference among storage days (p < 0.05) 
Error bars are used for the standard deviation (SD ± 2) of duplicate samples. 

Figure 4.7. Changes in GABA contents of yogurt during storage. 

Most GABA manufacturing microorganisms are LAB but their GABA producing 

abilities are only limited to strains that contain active GAD enzyme [36]. Turkish 

standard only approved Streptococcus salivarius subsp. thermophilus and 

Lactobacillus delbrueckii subsp. bulgaricus as the culture bacteria for the production 
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of yogurt. Both of these bacteria work in symbiotic manners, where the growth of 

one bacterium is influenced by the substances produced by other bacterium. Firstly, 

St. thermophilus consume simple sugars and free amino acids for the fulfillment of 

their growth requirements and create acidic (up to pH 5) and anaerobic conditions 

by producing formic acid, lactic acid, and CO2. Then, development of these 

conditions stimulates the growth of Lb. bulgaricus, which have more proteolytic 

activities and abilities to produce various amino acids such as glutamic acid, valine, 

tryptophan, histidine, leucine, and isoleucine. Therefore, the growth of 

Streptococcus thermophilus again increased by consuming these amino acids. In a 

study, Tamime and Robinson [135] reported that diminishing these amino acids in 

isolated media, results in growth reduction of St. thermophiles by about 50%. 

Because of the structural similarity with glutamic acid, added GABA in milk may be 

thought to be consumed by St. thermophilus during fermentation. 

There is a limited literature for the explanation of the GABA reduction by bacterial 

fermentation. During ethanol fermentation in sake brewing, Ando and Nakamura 

[136] explained the utilization of GABA by yeast (Saccharomyces cerevisiae) as a 

source of nitrogen. Also, 28.2% loss in GABA content was observed during 

fermentation of cocoa beans [137]. On the other hand, Watanabe et al. [138] studied 

the effects of co-culturing yogurt bacteria on GABA production and reported that 

Streptococcus thermophilus has the ability to produce GABA in 1% monosodium 

glutamate (MSG) medium at 3.50 pH. Whereas, in our study, MSG was not used in 

yogurt production and also fermentation was rapidly stopped at 4.60 pH according 

to the procedure of yogurt production. 

On the other hand, storage period of 21 days has no significant effect on the GABA 

quantity. These results revealed that the GABA as a valuable bioactive compound 

can be preserved until the consumption of yogurt (Figure 4.7). This is also an 

important attribute for the manufacturing of GABA fortified functional yogurt on 

commercial basis. 

In a study, Inoue et al. [44] testified that daily intake of 10 mg GABA containing 

fermented milk for the period of 3 months was effective for the individuals with high 

blood pressure. In our findings, consumption of only one portion of GABA fortified 

yogurt with crude extract of 20 g GBR can deliver more than 10 mg of GABA in 100 

g of fresh yogurt. For further studies, the bioavailability of GABA in human 
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gastrointestinal tract has to be investigated with the consumption of commercial 

GABA fortified yogurt. 

4.3.5. Water Holding Capacity  

Water holding capacity (WHC) is an important parameter for consumer’s 

acceptability of yogurt during the storage period. It also reflects the degree of 

fermentation and stability of protein gel network (curd). WHC is often defined by the 

percentage of concentrated yogurt (w/w) obtained by static or dynamic 

(centrifugation) drainage.  

WHC of all GABA fortified yogurt samples is significantly lower than control CTR-Y 

yogurt (p < 0.05), as shown in Figure 4.8. This reduction may be correlated with high 

pH of yogurt with the addition of GABA, which negatively affect the protein gel 

formation. According to Turkish standard, fermentation was stopped in control CTR-

Y yogurt at the pH of 4.60 after about 4 hours. Therefore, for comparison, 

fermentation for all yogurt samples was terminated according to control CTR-Y 

yogurt. In yogurt production, casein and whey (β-lactoglobulin) are major proteins, 

which have isoelectric points of about 4.6 and 5.3, respectively [74]. At the 

isoelectric point of 4.60 pH, casein protein aggregates into a gel type structure, 

which can entrap water inside the three-dimensional network.  

Error bars are used for the standard deviation (SD ± 2) of duplicate samples. 

Figure 4.8. Effect of GABA fortification on WHC of yogurt samples with storage. 
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Addition of GABA standard caused an increase in pH of the CTR-G yogurt after 

fermentation, and consequently reduced the curd firmness and WHC. However, 

GABA containing GBR crude extracts consist of many reducing sugars from 

degradation of starch by germination, which caused an increase in the acidity (pH 

lower than that of control CTR-Y) of enriched yogurt samples. For this reason, a 

similar trend was observed in WHC of control CTR-Y and GABA fortified yogurt 

samples (GBR20 and GBR40) during the storage period. 

After storage of 7 days, no significant difference in WHC of control CTR-Y and CTY-

G was detected because of rapid reduction in pH of CTR-G yogurt. This may be 

explained by increased lactic acid production by the LAB at high pH (4.72), which is 

more than the pH (4.56) of control CTR-Y at first day of storage (Table 4.5). In a 

study, reduction in WHC of yogurt samples was also described by Liu et al. [101] 

with increased addition of GABA.  

Some studies observed an increase in WHC of yogurt with the addition of rice and 

rice bran flour. This improvement can be the result of high water binding capacity of 

fiber contents in rice flour [139, 140].  

On the other hand, WHC was increased in all yogurt samples with storage period of 

14 days and finally decreased at 21 days. Here an increase in acidity improved the 

WHC till 14 days then little reduction was detected, which may be explained by 

weakness in protein gel because of over-acidification and increased casein solubility 

at pH (~4.20), which is lower than the isoelectric point of casein. Similar results for 

the water holding capacity of Turkish type low-fat yogurt were also reported by 

Emirdağı [96]. 

4.3.6. Textural Analyses for Yogurt Samples 

Texture represents the rheological, microstructural and sensorial properties of food. 

Textural characteristics of yogurt (hardness, gumminess, cohesiveness, and 

springiness) were affected by various parameters such as the composition of milk, 

the intensity of heat treatment, quantity and type of starter culture, fermentation 

temperature and storage conditions [81]. Hardness is a peak force required for 

product deformation during the first cycle of compression. And, the energy required 

to break a semisolid food-stuff into a ready-to-swallow state is defined as 

gumminess [141]. Whereas, cohesiveness is the rate of the applied force-areas 
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between the second cycle of compression and the first cycle of compression. The 

length for which the food sample regain its height throughout the time interval that 

passes in-between the completion of first cycle of compression and the biginning of 

the second cycle of compression is defined as springiness [142]. 

The textural profiles of yogurt samples were determined during the storage period 

of 21 days. For all types of yogurt samples, hardness and gumminess gradually rise 

until 14 days of storage then slightly declined, as shown in Figure 4.9 (a & b). All 

GABA fortified yogurt samples have lower values of hardness and gumminess than 

the control CTR-Y. A similar phenomenon was observed for the WHC of yogurt 

samples, as reported in section 4.3.5. 

The results of textural analyses have indicated that pH has a prominent role in the 

textural parameters, as it was expected. Initially, hardness and gumminess 

increased while pH reduced to around 4.30 and a further drop in pH (4.20) has 

decreasing effects on them (Table 4.5). The factors like total solids and 

polysaccharide directly influenced the texture of yogurt by increasing water holding 

capacity. There is a linear relation between WHC and improvement of hardness and 

gumminess. Hardness and gumminess were also affected by storage period. 

As compared to control CTR-Y, non-significant increase was observed for 

cohesiveness and springiness of all GABA fortified yogurt samples during storage 

(p > 0.05), as shown in Figure 4.9 (c & d). This indicates that a very little curd 

deformation occurred in GABA fortified yogurt samples. 

For control CTR-Y yogurt, cohesiveness and springiness were reduced non 

significantly. Similar results were determined in yogurt by El-Gammal et al. [143] 

and they justified this reduction by high protein proteolysis. They also concluded an 

inverse relation of hardness and gumminess to cohesiveness and springiness 

during storage, as this has been justified by our study too.  

GABA enrichment has a positive impact on protein structure (less deformation in 

curd) and consequently, it improved yogurt texture a little bit, as compared to control 

CTR-Y yogurt during the storage period. 
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Error bars are used for the standard deviation (SD ± 2) of duplicate samples. 

Figure 4.9. Textural analysis of GABA enriched yogurt 

4.3.7. Total Antioxidant Capacity in Yogurt 

Fermented dairy products have been identified as the dietary source of natural 

antioxidants due to the presence of bioactive peptides having antioxidant properties. 

Most of these peptides derived from milk proteins as a result of LAB fermentation. 

During the production of yogurt, pH of milk was reduced from 6.76 to 4.60 which 

caused the breakdown of casein protein into many bioactive peptides. Therefore, 

the antioxidant capacity of yogurt changes with storage period [144]. 
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During storage, total antioxidant capacities in all yogurt samples were changed non-

significantly (p > 0.05), as shown in Figure 4.10. Initially, total antioxidant capacities 

decreased insignificantly until the end of 14 days then slightly increased at 21 days 

of storage. Similar results were reported by another study, where aqueous extracts 

were obtained from plain and skim type yogurt samples for the measurement of 

antioxidant capacities, which reduced in first 5 weeks of storage then little increase 

was perceived during next two weeks [145]. However, Muniandy et al. [146] 

observed no effect of fermentation on the antioxidant capacity of plain yogurt. But, 

in some studies, it was reported that antioxidant capacity in water-soluble peptide 

extracts of fresh yogurt increased gradually during storage [144, 147]. 

a-c, Different lowercase letters show statistical difference among yogurt types (p > 0.05) 
A-C, Different uppercase letters show statistical difference among storage days (p > 0.05) 
Error bars are used for the standard deviation (SD ± 2) of duplicate samples. 

Figure 4.10.The total antioxidant capacity of GABA enriched yogurt samples. 
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standard GABA has increased the pH of the milk sample. Therefore, after the same 

period of fermentation, CTR-G yogurt has higher pH (4.72) than the control CTR-Y 

(4.56) and showing that fermentation was not completed for CTR-G type yogurt. 

Milk casein is an acid sensitive protein, where low pH is necessary for its breakdown 

and formation of bioactive peptides. In our study, biosynthesis of antioxidant peptide 

became limited because of delay in fermentation. So, this phenomenon might 

explain the reduction of antioxidant capacity in CTR-G yogurt.  

However, GBR crude extracts consist of many water-soluble polyphenols and 

reducing sugars, which improved the antioxidant capacity [148] and acidity of 

fortified yogurt samples, respectively. Polyphenols (ferulic and ρ-coumaric acids) in 

brown rice are well-known compounds for delivering antioxidant capacity to GBR 

and their extraction increased with water hydrolysis during germination [149]. In a 

study, highest antioxidant capacity was reported in yogurt produced with 3% rice 

bran flour [139]. 

4.3.8. Sensory Evaluation of Yogurt Samples 

Only three types of yogurt samples (control CTY-Y, GBR20, and GBR40) were 

evaluated by 12 panelists after 1 day of storage at 4°C. As second control CTR-G 

was prepared by using standard GABA, therefore it was not included in sensory 

analyses. Different sensorial aspects like appearance, taste/flavor, color and overall 

acceptability were determined by using a 9-point Hedonic scale. In this scale,1 to 9 

numbers were used for increased likeness in an ascending order. Average sensory 

results were represented in radar type graph as shown in Figure 4.11. 

As compared to control CTR-Y yogurt, after-taste (cooked flavor) and browning color 

have been developed in fortified yogurt with crude extract of 40 g GBR. The taste 

and color development were negligible in fortified yogurt with crude extract of 20 g 

GBR. And the yellowish color of GBR20 yogurt gave the impression of full-fat 

conventional yogurt as reported by some panelists. Also, GBR20 yogurt sample has 

been rewarded with highest scores for its coloring parameter (>8) and high overall 

acceptability of this sample mainly influenced by the color too. 

The cooked flavor and brownish color of yogurt samples depend on Maillard reaction 

products in crude GABA extracts, which were produced during high-temperature 

sterilization (121°C for 15 min). 
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Control yogurt (CTR-Y) was awarded by 7-9 points, which shows its higher 

acceptability. In terms of all characteristics, GBR40 yogurt has been given by lowest 

points (4-5) as compared to other types of yogurt. Yet, this yogurt sample was not 

completely rejected, by some panelists. On the other hand, yogurt with crude extract 

of 20 g GBR was selected as most favorable yogurt. Therefore, GBR20 functional 

yogurt has been suggested as a suitable replacement of conventional yogurt on the 

base of organoleptic properties. 

Figure 4.11. Sensory evaluation of control and GABA fortified yogurt samples.  
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5. CONCLUSION AND RECOMMENDATION 

In this study, a new type of functional yogurt was developed. The production of 

yogurt samples was achieved according to Turkish standard, by using 

Streptococcus thermophilus and Lactobacillus bulgaricus. Functional yogurt 

samples were fortified by GABA containing crude extracts. After 84 hours of 

germination, crude GBR extracts were prepared by using water based extraction 

method. About 12 and 26 mg GABA contents were determined by HPLC in crude 

extracts obtained from 20 and 40 g of GBR, respectively.  

In order to increase the GABA content, germination of brown rice was carried out at 

different hours. Then, GABA quantity, total γ-oryzanol and antioxidant capacity of 

brown rice (before and after germination) were determined after oven drying (30°C) 

and grinding. A positive trend was observed for GABA content by germination until 

84 hours, where GABA was increased 14 times as compared to non-germinated 

rice. A little rise in total antioxidant capacity of GBR was observed with the 

germination. Whereas, γ-oryzanol contents did not change with germination 

significantly.  

Turkish set type yogurt (control) does not contain any detectable amount GABA after 

fermentation. Therefore, yogurt sample with standard GABA was prepared and used 

as a second control in order to make comparison of GABA quantities in fortified 

yogurt. It was noticed that GABA content in all yogurt samples has decreased by 

the fermentation process, however after fermentation, GABA amount was preserved 

throughout the storage period.  

Later, physicochemical analyses, water holding capacity, texture analyses, total 

antioxidant capacity and sensory evaluation were also determined for all yogurt 

samples during 21 days of storage at 4°C. WHC for fortified yogurt samples were 

significantly decreased as compared to control yogurt (CTR-Y). However, it was 

found that WHC of all yogurt samples increased for 14 days of storage and reduced 

minutely after 21 days. Same phenomena were observed for textural components 

(hardness and gumminess). On the other hand, cohesiveness and springiness were 

improved non-significantly for GABA fortified yogurt samples as compared to control 

yogurt. The total antioxidant capacity was also measured, and no significant change 

was observed in all yogurt samples.  
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A sensory evaluation survey was also conducted for Turkish type yogurt and GABA 

fortified yogurt samples produced by GBR extracts. The GABA enriched functional 

yogurt with crude extract of 20 g GBR was highly recommended by the panelists as 

the replacement for control yogurt. 

In our findings, only one portion (100 g) of GABA fortified yogurt with crude extract 

of 20 g GBR can deliver more than 10 mg of GABA, which is enough for the 

treatment of individuals with mild hypertension.  

In the end, following recommendations were suggested for future work; 

 Use of caramel flavor for masking impaired tastes in yogurt with higher GBR 

extracts is highly recommended. 

 The mixing of fruit pulps is another way of quality improvement for GBR 

containing stirred type yogurt, similar to Activia® type yogurt. 

 Instead of autoclaving the crude extracts for sterilization, micro-filtration 

based methods are highly suggested for microbial reduction. As high 

temperature causes the production of brownish Maillard reaction products, 

which result in the development of undesirable color and taste. Therefore, 

yogurt samples prepared with a crude extract of more than 20 g GBR were 

less acceptable. 

 Manufacturing of functional yogurts can also be advised without sterilization, 

by adding GABA containing extracts in milk before pasteurization. 

 Bioavailability of GABA in human gastrointestinal tract should be investigated 

with the consumption of commercial GABA fortified yogurt. 

In future, we will extend this research to next level, in which germination process will 

be optimized for other cereal products. Furthermore, a low price cereal based yogurt 

will be introduced as a functional food.  
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ANNEX 

Annex 1. The slope of calibration for GABA through HPLC. 

 

Annex 2. HPLC chromatograph for 40 mg/L standard GABA. 
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Annex 3. The slope of calibration for γ-oryzanol through HPLC. 

 

Annex 4. HPLC chromatograph for 40 mg/L γ-oryzanol. 
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Annex 5. The slope of calibration for Trolox inhibition by Spectrophotometer. 

  

y = 1.43x
R² = 0.9976

0

10

20

30

40

50

60

70

80

90

100

0 10 20 30 40 50 60 70

In
h
ib

ti
o
n
 %

Trolox (µg/100µl)



61 
  

Annex 6. Sensory evaluation scorecard for yogurt. 

 

 

Name of the judge:  ___________________________ 

Date & Time:           ___________________________ 

Signature:           ___________________________ 

 

Parameters 
                               Samples 

1 2 3  

Appearance     

Taste / Flavor     

Color     

Overall acceptability     

 

 

Directions: 

Samples will be evaluated for given sensory parameters and scored according to 9- 

point Hedonic scale. 

The mouth will be rinsed each time with distilled water. 

 

Hedonic Scale 

 

9. Like Extremely 8. Like very much 

7. Like moderately 6. Like slightly 

5. Neither like nor dislike 4. Dislike Slightly 

3. Dislike moderately 2. Dislike very much 

1. Dislike extremely   
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