INFLUENCE OF THE ANAEROBIC FERMENTATION ON THE BIOCHEMICAL COMPONENTS OF GABA TEA
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ABSTRACT
GABA tea is a kind of new functional tea products which contains high amount γ-aminobutyric acid. The technique of processing GABA tea was introduced from Japan to Taiwan several years ago. The aim of this study was to determine the effects of anaerobic fermentation temperature and time on the biochemical composition of the tea. Research results showed that the GABA content increased significantly during the anaerobic fermentation. The most appropriate conditions of the anaerobic fermentation were as follows: temperature of 40 ºC for 9 hours. The GABA content reached the maximum amount of 155.47 mg/100g dry tea, total polyphenols content: 22.35% dry matter (DM); caffeine content: 2.81%DM; soluble solids content: 38.53%DM. 
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1. INTRODUCTION
Tea (Camellia sinensis) is one of the most popular drink in the world, and its consumption ranks nearly with that of coffee. In general, tea can be classified according to the aerobic incubation as unfermented (green tea), partially fermented (oolong tea), fully fermented (black tea) and post fermented (pu-erh tea) [1]. GABA tea contains a high level of γ -aminobutyric acid (GABA) produced after an anaerobic fermentation process. GABA tea or Gabaron tea originated from Japan for long time. Recently GABA tea has successfully produced in Taiwan. The healthy beneficial components in tea are usually lost during processing. Therefore, many papers [2, 3] pay attention in minimizing these losses.  Besides its health benefits, related to antioxidation, anticancer, and blood lipid lowering effects, GABA tea also has unique  biological functions [4]. 
The GABA is a non-proteinaceous amino acid and  one of the major inhibitory neurotransmitters in the central nervous system. The GABA could work effectively as
a natural relaxant to induce relaxation and diminish anxiety, and its administration could enhance immunity under stress conditions [4]. Furthermore, GABA has a physiological role in many systems outside the central system, such as regulation
cardiovascular functions, inhibition metastasis of cancer cells, and modulation renal function [4, 5].  
Vietnam is one of the major tea producing countries with more than 100 thousand tons dried tea leaf exported annually. According to Vietnam Tea Association (VITAS) in 2015, the total tea area in Vietnam was 134.500 hectares. The average annual yield was 8 tones fresh leaves per hectare and 500 thousand tons of dried tea leaf was produced [6]. The necessary information for producing GABA tea in Vietnam remains unknown. In GABA tea production technology, anaerobic fermentation process is mainly to accumulate GABA. Therefore, this paper aims to determine the effects of anaerobic fermentation conditions on the biochemical components such as soluble dride matter, caffeine, polyphenols and γ-aminobutyric acid to GABA tea production in Vietnam.
2. MATERIALS AND METHODS   
2.1. Materials
Tea shoots consist of a bud and 2-3 leaves LDP2 cultivar (C. sinensis x C. sinensis var. assamica). They were collected from Anh Son district (Nghe An province, Vietnam) in April, 2016. Folin-Ciocalteau’s phenol reagent, γ-aminobutyric acid (Sigma-Aldrich, USA), gallic acid (Sigma-Aldrich, USA) and the other chemicals analytical purity were used in the paper.

 2.2.  Methods
2.2.1. Experimental modeling method [2, 3,7]
Tea shoots after picking, tea leaves were spread on bamboo tray with a diameter of 1.1 meters and put in a cool room order to wither for 4 hours before fermentation tea. Next, the sample is placed into the package and removed air order to completely anaerobic, and then sealed package. The fermentation have often carried out in nitrogen atmosphere to ensure completely anaerobic medium. In the present study anaerobic fermentation was enhanced by vacuum process. They were placed in metal bins and hot water was used to adjust fermentation temperature (indirect heat exchange). Conducting a survey of the influence of different fermentation temperature: room temperature (28 ºC), 35 ºC and 40 ºC during fermentation 3 hours, 6 hours, 9 hours and 12 hours (Figure 1). In the fermentation process, The samples were collected for analysis of soluble solid, polyphenols, caffeine and GABA. A technological procedure was proposed as shown in  Figure 1.
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Figure 1. Schematic diagram of the basic procedure for preparing GABA tea
2.2.2. Methods of analysis of some biochemical components
Soluble solids  is determined by the Voronsov’s method of (Vu Thi Thu et al, 2001). Caffeine  is determined by the method of Bertrand [8]. Determine the total polyphenol content by Colorimetric method using Folin-Ciocalteu reagent [9]. γ-aminobutyric acid content was determined by Cohen-Michacend' s method (1993) [10, 11].
2.2.3. Statistical analysis
The statistical analysis were performed in SAS software 9.1 with significant level of 0.05.
3. RESULTS AND DISCUSSION
3.1. Effect of different anaerobic fermentation time and temperature on the soluble solids content
Table 1. Content of soluble solids (% dry matter) in tea after anaerobic fermentation treatment
	Temperature
	Anaerobic fermentation time

	
	Untreated 
	3 hours
	6 hours
	9 hours
	12 hours

	28˚C
	42.73
	39.82b
	38.08b
	35.08c
	34.58c

	35˚C
	42.73a
	39.11b
	40.17b
	38.81b
	35.18c

	40˚C
	42.73a
	40.47b
	39.84b
	38.53b
	33.78c


The results in Table 1 shows the content of dissolved substances decreases with increase in anaerobic fermentation time. After 12 hours of fermentation, concentration of solutes seems to be unchangeable and around 33.78% of dry matter. The same trend was observed for other temperature of 35 and 40oC.  Soluble dry weight reduction was due to anaerobic treatment causing soluble tea losses and partly due to oxidation for taste, color of tea [12, 13, 14]. Thus, the short anaerobic time is the lesssoluble tea losses. Thus, the anaerobic time needs to limit for minimize soluble tea losses.
3.2. Effect of different anaerobic fermentation time and temperature on the total polyphenols content
Table 2. Content of total polyphenols (% dry matter) in tea after anaerobic fermentation treatment
	Temperature
	Anaerobic fermentation time

	
	Untreated 
	3 hours
	6 hours
	9 hours
	12 hours

	28˚C
	26.00a
	25.17ab
	24.21b
	22.72c
	21.32d

	35˚C
	26.00a
	25.02ab
	23.94bc
	22.53c
	20.68d

	40˚C
	26.00a
	24.74ab
	23.67b
	22.35c
	20.20d


Values with different superscripts in a row are significantly different (p <0.05)

Polyphenols are generally considered to be the most important compounds of green tea. Table 2 shows the contents of total polyphenols present in anaerobically treated tea leaves. The contents of total polyphenols in anaerobically treated tea leaves were significantly lower than those of untreated control (p<0.05). After 3 hours of anaerobic fermentation at room temperature (28°C), polyphenol content was not significantly different from that of un-treatment sample (p > 0.05). However, after more 3 hours treatment polyphenol content decreased significant in compared with that of un-treatment sample (p <0.05). This trend was similar to the observation of the anaerobic fermentation conducted at a temperature of 35 °C and 40 °C. Specifically, the total polyphenol content decreased from 26.00% to 24.74% after 3 hours of anaerobic fermentation at the temperature of 40 oC. Then it also continued to drop significantly after 6 hours and 12 hours of fermentation. This suggests that the biosynthesis of other chemical components dominate during the anaerobic fermentation. Thus, it is necessary that  the  anaerobic fermentation parameters need to control for minimizing the loss of these antioxidant compounds which  are benefit for human.
3.3. Effect of different anaerobic fermentation time and temperature on the caffeine content
Caffeine is a chemical in the purine alkaloid group. Caffeine is also present as minor constituents of green tea. Table 3 presents the caffeine content of the tea leaf with different   anaerobic treatment time. Caffeine content declines slightly after 6 hours treatment (p>0.05) but it decreases significantly after 9 hours (p <0.05). Caffeine content varies according to fermentation conditions. In carbon dioxide atmosphere caffeine content decreases whereas it increases in nitrogen atmosphere and it seems unchangeable in oxygen atmosphere [7].
Table 3. Contents of caffeine (% dry matter) in tea after anaerobic fermentation treatment
	Temperature
	Anaerobic fermentation time

	
	Untreated
	3 hours
	6 hours
	9 hours
	12 hours

	28˚C
	3.82a
	3.37a
	3.15a
	2.37b
	1.51b

	35˚C
	3.82a
	3.37ab
	2.94ab
	2.59bc
	1.72c

	40˚C
	3.82a
	3.58a
	3.37b
	2.81bc
	1.94c


Values with different superscripts in a row are significantly different (p<0.05)

3.4. Effect of different anaerobic fermentation time and temperature on the GABA content
Table 4. Content of GABA (mg/100g dry tea) in tea after anaerobic fermentation treatment
	Temperature
	Anaerobic fermentation time

	
	Untreated 
	3 hours
	6 hours
	9 hours
	12 hours

	28˚C
	55.42c
	64.20c
	106.33b
	127.15a
	122.69a

	35˚C
	55.42d
	119.41c
	133.96b
	150.58a 
	147.04a

	40˚C
	55.42c
	152.99a
	134.41b
	155.47a 
	154.13a


Values with different superscripts in a row are significantly different (p<0.05)

The GABA content of tea leaves processed with different anaerobic treatment time are shown in Table 4. GABA content tends to rise markedly as anaerobic fermentation time as well as temperature increase.  It peaked around 9 hours and slightly decline further treatment.  It is worth that GABA content reached 155.47 mg/100g for 9 hours treatment at 40 oC. This results could be due to the fact that GABA was synthesized and accumulated by biosynthesis using glutamate decarboxylase enzyme during the anaerobic treatment [2, 3]. 
4. CONCLUSIONS

The anaerobic fermentation process affects significantly on the some biochemical composition of tea. GABA content increased markedly after treatment anaerobic fermentation, whereas the total polyphenol content, caffeine, solvents decreased. Technological parameters appropriate anaerobic fermentation is conducted in anaerobic treatment period of 9 hours at a temperature of 40 ºC. At that condition, tea product with a high content of GABA (155.47 mg/100g of dry tea), other components (total polyphenol content: 22.35%DM; caffeine: 2.81%DM; soluble dry matter: 38.53%DM) meet practical requirements .
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Chè GABA là một sản phẩm thực phẩm chức năng mới, có hàm lượng γ-aminobutyric acid (GABA) cao được chế biến từ nguyên liệu búp chè. Sản phẩm này đã được sản xuất từ Nhật Bản đến Đài Loan cách đây vài năm. Nghiên cứu này được tiến hành nhằm mục đích xác định ảnh hưởng của nhiệt độ và thời gian lên men yếm khí đến các thành phần sinh hóa của chè lên men. Kết quả nghiên cứu đã cho thấy trong quá trình lên men yếm khí, GABA được tích lũy và hàm lượng GABA tăng lên rõ rệt. Với kết quả nghiên cứu này, nhiệt độ và thời gian lên men yếm thích hợp là 40 ºC trong thời gian 9 giờ thì hàm lượng GABA trong chè lên men đạt cao nhất là 155,47 mg/100g chè khô, hàm lượng polyphenol: 22,35 % chất khô (ck); cafein: 2,81 %ck; chất hòa tan: 38,53 %ck. 
Từ khóa: Cây chè, GABA, γ-aminobutyric acid, lên men yếm khí
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