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ช่ือวทิยานิพนธ์ การเตรียมกลา้เช้ือ Acetobacter aceti  TISTR 102 แบบผงโดยการ
เพาะเล้ียงในน ้ามะพร้าวและน ้ากลว้ยสกดั และการประยกุตใ์ชก้ลา้เช้ือ
หมกัน ้าส้มสายชูจากน ้ามะพร้าว 

ผู้เขยีน   Miss Thao Ngan Ngoc Trinh 

สาขาวชิา  วทิยาศาสตร์การอาหารและโภชนาการ 
ปีการศึกษา  2557 

บทคดัย่อ 
 การศึกษาสภาวะท่ีเหมาะสมในการเตรียมกลา้เช้ือ Acetobacter aceti  TISTR 102 

ในน ้ามะพร้าวผสมกบัน ้ากลว้ยซ่ึงเป็นวตัถุดิบตน้ทุนต ่าแต่ใหป้ริมาณเซลลท่ี์สูง โดยการศึกษาผล
ของอตัราการใหอ้ากาศโดยการเขยา่ ปริมาณของน ้ากลว้ยสกดั และปริมาณแหล่งไนโตรเจน พบวา่ 
น ้ามะพร้าวมีประสิทธิภาพสามารถใชเ้ล้ียงเช้ือ Acetobacter aceti TISTR 102 เทียบไดก้บัการใช้
อาหารเล้ียงเช้ือ GY (glucose yeast extract broth)   โดยเช้ือแบคทีเรีย A. aceti TISTR 102 สามารถ
เจริญเติบโตเม่ือเล้ียงในน ้ามะพร้าวท่ีมีอตัราส่วนน ้ากลว้ยผสมร้อยละ 25-100 (v/v) (p≤0.05) มีการ
เจริญเติบโตสูงสุดเม่ือเล้ียงในน ้ากลว้ยและน ้ามะพร้าวท่ีอตัราส่วนผสมร้อยละ 50 มีการเจริญเติบโต
ในระยะ stationary phase ในช่วงชัว่โมงท่ี 18-24 มีปริมาณเซลลท่ี์มีชีวติเท่ากบั 8.82-9.07 log 
CFU/ml  การใชแ้อมโมเนียมซลัเฟตเป็นแหล่งไนโตรเจนท่ีปริมาณร้อยละ 0, 0.1, 0.3 และ 0.5 
ไม่ไดส่้งเสริมการเพิ่มปริมาณเซลลท่ี์มีชีวติ (p>0.05) ซ่ึงมีอตัราการเจริญเติบโตแบบทวคูีณอยู่
ในช่วง 0.196-0.204 ต่อชัว่โมง ใกลเ้คียงกบัการเจริญเติบโตของเช้ือแบคทีเรีย A. aceti TISTR 102 
เม่ือใชย้สีตส์กดัเป็นแหล่งไนโตรเจนท่ีปริมาณร้อยละ 0, 0.2, 0.6 และ 1.0 (p>0.05) ซ่ึงมีอตัราการ
เจริญเติบโตแบบทวคูีณอยูใ่นช่วง 0.141-0.150 ต่อชัว่โมง  ในทางตรงกนัขา้ม การให้อากาศโดยการ
เขยา่มีผลต่อการเพิ่มปริมาณเซลลท่ี์มีชีวติอยา่งมีนยัส าคญัทางสถิติ (p≤0.05) พบวา่ เม่ืออตัราการ
เขยา่เพิ่มข้ึนปริมาณเซลลท่ี์มีชีวิตเพิ่มข้ึน ซ่ึงอตัราการเขยา่ท่ีความเร็ว 150 รอบต่อนาที ท าใหมี้
ปริมาณเซลลท่ี์มีชีวติอยูใ่นระยะ stationary phase เท่ากบั 8.56-8.67 log CFU/ml ในขณะท่ีการเขยา่
ท่ีอตัรา 120 รอบต่อนาที มีปริมาณเซลลท่ี์มีชีวติประมาณ 8.46-8.57 log CFU/ml 

 การศึกษาการใชน้ ้าตาลซูโครสเป็นสารปกป้องเซลลท่ี์ระดบัความเขม้ขน้ร้อยละ 0, 
10, 20, และ 30 (w/v) โดยการน าตะกอนเซลล ์ A. aceti TISTR 102 ผสมกบัสารละลายน ้าตาล
ซูโครส ผสมกบัร าขา้วท่ีผา่นการฆ่าเช้ือแลว้ น าไปอบท่ีอุณหภูมิ 35 องศาเซลเซียส เป็นเวลา 12 
ชัว่โมง พบวา่ เม่ือความเขม้ขน้ของน ้าตาลซูโครสเพิ่มข้ึนปริมาณเซลลท่ี์มีชีวติของ A. aceti TISTR 
102 จะลดลง โดยมีปริมาณเซลลท่ี์มีชีวติเท่ากบั 7.78±0.10, 7.37±0.14, 6.86±0.23 และ 6.46±0.14 
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log CFU/g ตามล าดบั  อยา่งไรก็ตามปริมาณเซลลท่ี์มีชีวติหลงัจากการอบแหง้ พบวา่ ท่ีความเขม้ขน้
ของน ้าตาลซูโครสร้อยละ 1-20 จะมีปริมาณเซลลท่ี์มีชีวติแตกต่างกนัอยา่งมีนยัส าคญัทางสถิติ 
(p≤0.05) แต่ท่ีปริมาณน ้าตาลซูโครสร้อยละ 30 นั้นไม่แสดงคุณสมบติัในการปกป้องเซลล ์  ซ่ึง
ค านวณเป็นอตัราการรอดชีวิตเท่ากบัร้อยละ 68.24±1.42, 71.24±2.04, 79.07±3.35 และ 81.50±1.91 
ตามล าดบั  การศึกษาผลของการใชซิ้ลิกาเจลร่วมกบัการเก็บรักษากลา้เช้ือ A. aceti TISTR 102 แบบ
ผงโดยใส่ในซองอลูมิเนียมฟอยล ์ปิดผนึกแบบสุญญากาศ เก็บในตูเ้ยน็ (อุณหภูมิ 4 องศาเซียลเซียส) 
เป็นระยะเวลา 2 เดือน พบวา่ กลา้เช้ือ A. aceti TISTR 102 แบบผงมีปริมาณเซลลท่ี์มีชีวติเร่ิมตน้
เท่ากบั 5.89±0.05 log CFU/g มีปริมาณน ้าอิสระ (aw) เท่ากบั 0.5710±0.006 และหลงัจากเก็บรักษา
เป็นระยะเวลา 50 วนั พบวา่ มีปริมาณเซลลท่ี์มีชีวติลดลงเหลือเท่ากบั 5.65±0.05 log CFU/g  มี
ปริมาณน ้าอิสระ (aw) เพิ่มข้ึนเท่ากบั 0.5782±0.003 ในขณะท่ีปริมาณความช้ืนเร่ิมตน้มีค่าเท่ากบัร้อย
ละ 7.85±0.32 และเพิ่มข้ึนหลงัระยะเวลาการเก็บรักษาวนัที 20 โดยมีค่าเท่ากบัร้อยละ  8.13±0.31   

 กระบวนการการหมกัน ้าส้มสายชูจากน ้ามะพร้าว มี 2 ขั้นตอน ขั้นตอนแรก การ
หมกัแอลกอฮอลด์ว้ยเบเกอร์ยสีต ์และการหมกักรดอะซิติกดว้ยกลา้เช้ือ A. aceti TISTR 102 แบบผง 
ในกระบวนการหมกัแอลกอฮอล ์ พบวา่ ความเขม้ขน้ของปริมาณน ้าตาลเร่ิมตน้  และปริมาณกลา้
เช้ือยสีตมี์ผลต่อประสิทธิภาพการหมกั  โดยการเพิ่มปริมาณกลา้เช้ือยสีตส่์งผลใหป้ระสิทธิภาพการ
หมกัเพิ่มข้ึน และระยะเวลาการหมกัลดลง โดยการใชป้ริมาณกลา้เช้ือยสีตร้์อยละ 0.2, 0.4 และ 0.6 
(w/v) เม่ือส้ินสุดระยะเวลาการหมกั พบวา่ มีปริมาณเอทานอลเท่ากบัร้อยละ 9.92±0.18, 9.81±0.18 
และ 9.86±0.10 ภายในระยะเวลาการหมกั 3, 2 และ 2 วนั ตามล าดบั ในทางกลบักนั การเพิ่มปริมาณ
น ้าตาลเร่ิมตน้ในการหมกัส่งผลใหป้ริมาณเอทานอลเพิ่มข้ึน และระยะเวลาในการหมกัเพิ่มข้ึน การ
หมกัเอทานอลในน ้ามะพร้าวท่ีมีปริมาณน ้าตาลเขม้ขน้   ร้อยละ 12, 16 และ 20 (w/v) เม่ือส้ินสุด
ระยะเวลาการหมกั พบวา่ มีปริมาณเอทานอลร้อยละ 6.27±0.14 (v/v), 9.61±0.17 (v/v) และ 
12.37±0.06 (v/v) ภายในระยะเวลา 1, 2 และ มากกวา่ 3 วนั ตามล าดบั ดงันั้นสภาวะท่ีเหมาะสมใน
การหมกัแอลกอฮอลใ์นน ้ามะพร้าว คือ มีปริมาณน ้าตาลร้อยละ 12 (w/v) และปริมาณกลา้เช้ือยสีต์
ร้อยละ 0.4 (w/v) ซ่ึงสามารถหมกัเอทานอลร้อยละ 6 (v/v) ภายในระยะเวลา 1 วนั   โดยใชเ้อทา
นอลเป็นสับเตรทส าหรับการหมกักรดอะซิติกดว้ยเช้ือ A. aceti TISTR 102 แบบผง พบวา่ การใช้
กลา้เช้ือ A. aceti TISTR 102 แบบผงท่ีความเขม้ขน้ร้อยละ 0.5 สามารถหมกัใหป้ริมาณกรดอะซิติก
เท่ากบั 6.27±0.02 กรัม/ 100 มิลลิลิตร ภายในระยะเวลา 18 วนั คิดเป็นประสิทธิภาพการหมกัเท่ากบั      
ร้อยละ 89 การทดสอบทางประสาทสัมผสัของน ้าส้มสายชูจากน ้ามะพร้าว พบวา่ ผูท้ดสอบชิมให้
การยอมรับทุกคุณลกัษณะของน ้าส้มสายชู โดยผูท้ดสอบชิมใหค้ะแนนดา้น กล่ิน ความเปร้ียว และ
ความชอบโดยรวมสูงเม่ือเทียบกบัน ้าส้มสายชูจากตาลโตนด  



(7) 

 
7

 

P

a59
 

Thesis Title  Culture of Acetobacter aceti TISTR 102 in Coconut Water and 

Banana Juice Medium for Starter Powder Preparation and 

Application in Coconut Vinegar Fermentation 

Author  Miss Thao Ngan Ngoc Trinh  

Major Program   Food Science and Nutrition 

Academic year  2014  

ABSTRACT 

 The culture of Acetobacter aceti TISTR 102 in coconut water with banana 

juice was studied to optimize culture conditions for the highest cells with low cost 

production. The effects of supplementary banana juice, ammonium sulfate, yeast 

extract and shaking speed were investigated. Coconut water was a potential culture 

medium for A. aceti TISTR 102 with the viable cells comparable to those in synthetic 

GY (glucose and yeast extract) medium. Banana juice volume from 25% to 100% 

(v/v) in coconut water showed the significant effect on the bacterial growth (p≤0.05). 

The highest cell viability attained in coconut water supplemented with 50% (v/v) 

banana juice: 8.82-9.07 log CFU/mL in the stationary phase within 18-24 hrs. The 

ammonium sulfate at concentrations of 0, 0.1, 0.3 and 0.5% (w/v) did not enhance the 

cell viability (p>0.05) with the specific growth rates ranged from 0.196 hr
-1

 to 0.204 

hr
-1

. Similarly, the cells grew ineffectively in the presence of yeast extract 

concentrations of 0, 0.2, 0.6 and 1.0% (p>0.05); the specific growth rates ranged from 

0.145 hr
-1

 to 0.150 hr
-1

. In contrast, the shaking speed significantly affected to the cell 

viability (p≤0.05): the higher shaking speed was applied, the higher cell viability was 

obtained. The culture in stationary phase attained 8.56-8.67 log CFU/mL at 150 rpm; 

while 8.46-8.57 log CFU/mL was recored at 120 rpm.  

The study on protective effect of commercial sucrose (Milk Phor) was 

performed in various concentrations 0, 10, 20 and 30% (w/v) sucrose. The A. aceti 

TISTR 102 pellet was resuspended into the sucrose solutions and then mixed with 

sterilized rice bran as the carrier for subsequent drying process at 35
o
C in 12 hrs. The 

increase in sucrose concentrations from 0 to 30% (w/v) sucrose firstly reduced the 

viable cells in suspension, resulted in decreasing in initial viable cells of starter 

powder with 7.78±0.10, 7.37±0.14, 6.86±0.23 and 6.46±0.14 log CFU/g, 

correspondingly. However, after drying, the increase in sucrose concentrations from 0 
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to 20% (w/v) significantly increased the survival rate of bacteria (p≤0.05); but the 

higher concentration at 30% (w/v) sucrose did not show significantly protective effect 

anymore. Indeed, the survival rate was recorded at 68.24±1.42, 71.24±2.04, 

79.07±3.35 and 81.50±1.91 (%) at 0, 10; 20 and 30% (%) sucrose, respectively. The 

A. aceti TISTR 102 starter powder in vacuum-aluminum sealed pouch with presence 

of silica gel could be stored up to 2 months at refrigerated temperature (4
o
C). The cell 

viability of starter powder was initially 5.89±0.05 log CFU/g that statistically 

remained with 5.65±0.05 log CFU/g after 50 days storage. The water activity was 

0.5710±0.006 and insignificantly increased to 0.5782±0.003 during storage time. The 

starter powder contained 7.85±0.32 (% wb) moisture content that slowly increased to 

8.13±0.31 (% wb) after 20 days and statistically remained in storage period. 

The coconut water was fermented into vinegar through two stages: alcoholic 

fermentation with baker‟s yeast and acetous fermentation with A. aceti TISTR 102 

starter powder. In alcoholic fermentation, the baker‟s yeast concentration and the 

sugar content had significant effects on the fermentation performance. Concretely, the 

increase in baker‟s yeast concentrations significantly increased the fermentation rate, 

leading to reduction in fermentation time. The maximum ethanol content attained 

9.92±0.18, 9.81±0.18 and 9.86±0.10 (%) with 0.2, 0.4 and 0.6% (w/v) baker‟s yeast 

after 3, 2 and 2 days, respectively. In the other hand, the increase in sugar content 

significantly increased the ethanol concentration and took longer time to complete. At 

12%, 16 and 20% (w/v) sugar content, the ethanol content was 6.27±0.14 % (v/v) 

after 1 day, 9.61±0.17 % (v/v) after 2 days and 12.37±0.06 % (v/v) after more than 3 

days, respectively. In alcoholic fermentation, coconut water at 12% (w/v) sugar 

content and 0.4% (w/v) baker‟s yeast were adequate for approximately 6% (v/v) 

ethanol concentration within 1 day. The ethanol then was the substrate for 

acetification with A. aceti TISTR 102 starter powder. The A. aceti TISTR 102 starter 

powder at 0.5% (w/v) completely produced acetic acid with 6.27±0.02 g/100 mL 

within 18 days, attaining 89% fermentation efficiency. For sensory evaluation, the 

sample fermented from coconut water was rated with acceptable scores for all of the 

sensorial attributes. Moreover, it also exhibited the higher scores for odor, sourness 

and overall acceptance, as compared to the sample fermented from commercial palm 

sap. 
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CHAPTER 1 

INTRODUCTION 

1.1 Research background 

 In tropical and subtropical regions, concretely in South-East Asia countries, 

coconut (Cocos nucifera L.) is available in several varieties with a relatively large 

planting area. It has provided a lot of substantial benefits for economy and human life. 

Among the edible parts of coconut, coconut water is notably used in processing and 

increasingly consumed because of its delicious taste and essential nutrients. However, 

the usage of coconut water depends on the maturity or age of coconut fruit.  Young  

and mature coconut water are suitable for ready-to drink beverage or freshly serving, 

whereas overly-mature coconut water normally is disposed after dehusking for 

production of coconut oil or coconut milk. According to Unagul et al. (2007), in 

Thailand, there is a large number of the waste from coconut water yearly with the 

reported data up to 200,000 tons and the number has been still increasing. No matter 

how good in control and how much in utilization, there are much more amount of 

overly-mature coconut water is wasted. Thereby, fermenting coconut water into 

vinegar is considered to be an attractive means of utilizing waste from coconut 

industry. 

 Generally, in fermentation, starter culture has been preferentially used for 

improvement in fermentation efficiency and for controlling the final products‟ 

qualities. The concept of starter culture in powder form (starter powder) has been 

recently available in market (e.g. baker‟s yeast) for conveniences in use, storage and 

preservation. Particularly, for vinegar fermentation, starter powder with acetic acid 

bacteria strain Acetobacter aceti TISTR 102 was investigated and produced by low-

temperature thermal drying process (Wongsudaluk, 2012). A high cell biomass is a 

requisite issue and culture medium is considerably taken account in starter culture 

preparation (Ndoye et al., 2009). The mixture of coconut water and banana juice with 

ratio at 1:1 (v/v) was primarily reported as a cheap and nutritional inoculum media for 

cultivation of acetic acid bacteria as compare with synthetic media (Supakod and 

Wongwicharn, 2012). It is a novel medium with low cost for microbial mass 
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production that successfully replaces the conventional media and potentially applied 

for large scale production of starter culture, and starter power in particular. 

 This research project aims to optimize the culture medium for Acetobacter 

aceti TISTR 102 from coconut water and banana juice to obtain the high cell viability 

for starter powder preparation. The effects of sucrose as a protectant and packaging 

with silica gel were subsequently investigated to improve the viable cells of starter 

powder in preparation and storage. Additionally, for application, the starter powder A. 

aceti TISTR 102 and baker‟s yeast were used to produce vinegar from coconut water. 

The fermentation conditions were optimized to develop a convenient process for 

application in household scale with the required acetic acid content about 4% (w/v). 

 

1.2 Research objectives  

 This research has its general objective to culture A. aceti TISTR 102 in a 

cheap culture medium for starter powder preparation and to apply the starter powder 

into coconut vinegar fermentation  

1. To optimize the culture conditions for A. aceti TISTR 102 in coconut water 

and banana juice medium 

2. To study the effect of sucrose as a thermal protectant during drying process 

and effect of silica gel in storage A. aceti TISTR 102 starter powder at 

refrigerated temperature (4
o
C) 

3. To study the potentiality for using baker‟s yeast and A. aceti TISTR 102 

starter powder in coconut vinegar production 
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CHAPTER 2  

LITERATURE REVIEW 

2.1 Coconut (Cocos nucifera L.) 

 The coconut, botanically known as Cocos nucifera L., extensively grows in 

over the world and especially considered as an ubiquitous sight in all tropical and 

subtropical regions with 93% of the total coconut cultivation area in the world 

(Punchihewa and Arancon, 2006). It is one of the most important fruit tree, and even 

called "the tree of life" because of its substantial applications in human living. 

Coconut fruit is composed from 4 parts, including exocarp, mesocarp, endocarp and 

endosperm, considerably that contribute into the diversification of coconut products. 

The first three parts mostly used to make many industrial and commercial products or 

to indicate for the maturity of the fruit; while the most inner part-endosperm plays an 

important role in food and beverage industry. For endosperm, a fleshy part attaching 

into inner endocarp called coconut meat which mostly used to produce coconut oil, 

coconut milk, etc. Otherwise, coconut water, a clear and sweet liquid, filling up the 

interior hollow space, is favor to serve directly or to process into drinking products. 

In particular, coconut water is reported to be a nutritious solution with sugars, 

proteins, antioxidants, vitamins and minerals, which are necessary for human body 

(Victor, 2013). Depending on maturity of coconut fruit, compositions in coconut 

water are varied differently. Prades et al. (2012) found that coconut fruit began to 

form a thin layer of jelly around the inside of endocarp at 5-month age and fully 

maturity attained after 12 months. After this time, coconut fruit was overly mature 

with deterioration in nutrients and volumetric quantity. Table 1 shows the 

compositions in coconut water at different maturity stages. As compared to immature 

coconut (IMC) and mature coconut (MC), overly-mature coconut (OMC) has much 

more differences in its component quantification. It contains less water, which was 

explained by thickening of kernel for replacement of water when interior pressure is 

released during the ripening (Prades et al., 2012). Jackson et al. (2004) pointed out the 

more turbidity value in OMC related to the increment of total solids concentration that 

associated with concentration of ions such as phosphate, sulfate, chloride, etc. In 

addition, they also described the taste of OMC water was slightly saltier than the taste 
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of the counterparts. However, according to Shivakumar and Vijayendra (2006), it was 

considered as a potential microbial substrate because of the high concentrations of 

sugar, trace elements and nitrogen.  

Table 1 Composition and physicochemical properties of coconut water 

(IMC: immature coconut; MC: mature coconut and OMC: overly-mature coconut) 

 

Source: Tan et al. (2013) 

Unagul et al. (2007) added coconut water into standard medium with various 

ratios to observe its effect on biomass and docosahexaenoic acid (DHA) produced by 

Schizochytrium mangrovei Sk-02. The biomass level and product formation with 28 

g/L and 6 g/L, respectively were obtained in the medium with 33% (v/v) added 

coconut water. These results were higher, even up to 50% as compared with those 

from the non-supplemented culture medium. In addition, there was a synergistic effect 

on improvement of biomass production between nitrogen sources (casitone, peptone 

or tryptone) and 50% (v/v) added coconut water. Otherwise, the poor growth was 

observed with the same nitrogen sources in media without coconut water addition. 

Seesuriyachan et al. (2011) used coconut water as a component of modified-

MRS medium for reduction the cost in cultivation of Lactobacillus confusus TISTR 

1498.  In the presence of coconut water, with only 20 g/L sucrose addition, the 
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biomass was 50% higher than MRS medium supplemented with 100 g/L sucrose. 

Moreover, the highest yield of exopolysaccharide (EPS) and high cell biomass were 

obtained in coconut water supplemented 20 g/L sucrose, while the quantity of three 

expensive supplements (peptone, yeast extract and beef extract) was reduced to 50% 

(w/v). 

Supakod and Wongwicharn (2012) proved the good growth patterns of acetic 

acid bacteria in natural media as compared with conventionally synthetic media (HS 

and GEY). Coconut water (a by-product of coconut industry) and banana juice 

hydrolyzed by enzymes individually archived at least 10
6
 CFU/mL after 6-12 hours 

that comparable to those archived in synthetic media. The mixture of coconut water 

and banana juice with ratio 1:1 was even reported to perform the highest growth 

patterns. An example for growth patterns of Acetobacter aceti TISTR 102 in different 

media is shown in Figure 1. In respect to economy, the price for 1L medium of 

coconut water, banana juice and mixture of them were 1 baht, 11.48 baht and 6.74 

baht, respectively. Otherwise, one liter of synthetic media costs 14.90 baht for GYE 

medium and 42.22 baht for HS medium. Therefore, agricultural substrates such as 

coconut water and banana juice potentially produce starter culture with comparative 

cost and high efficacy. 

 

Figure 1 Growth patterns of Acetobacter aceti TISTR 102 in different culture media 

Source: Supakod and Wongwicharn (2012) 
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2.2 Banana (Musa sapientum) 

Bananas are popular edible fruits with a seasonal crop and mostly distributed 

in tropical regions. The poor post-harvest handling, the rapid rate of deterioration and 

long transportation are notable issues in banana storage, leading to wasting a large 

quantity of bananas. Extracting bananas with hot water at the ratio 1 banana pulp:1 

water at 95°C to produce juice also has been an effective utilization (Lee et al., 2006). 

The fully ripe bananas with a high carbohydrate content is a potential carbon source 

for food fermentation such as banana wine (Onwuka and Awam, 2001; Akubor et al., 

2003) or banana vinegar (Loesecke, 1929) with high score from consumer acceptance 

test. In terms of microbiology, banana has been also a cheap and efficient substrate for 

biotechnological production process. For examples, Aspergillus niger ORS-4 

produced 39.6 g/L gluconic acid with 40% yield and 0.895g/L/d in banana must that 

significantly higher than data obtained in untreated molasses and starch (Singh et al., 

2005).  

Lyte (1997) stated that banana contained large quantities of neurochemicals 

that possibly improve the bacterial growth. The effects of banana‟s extracts (Musa x 

paradisiaca) (e.g from peel and pulp at different stages of ripening: unripe, ripe and 

overripe) on several bacteria, including non-pathogenic (e.g E. coli ML-1 and E. coli 

MB-1) and pathogenic bacteria (e.g. E. coli O157: H7; Shigella flexneri MD 12022, 

Enterobacter cloacae ATCC 23355, Salmonella typhirium ATCC 14028) were 

investigated. Representative, S. flexneri and E. coli ML-1 cultures in 0.1% (v/v) 

overripe pulp and peel extract increased their growth within 24 hours as compared to 

the cultures in 1.0% (v/v) extraction medium (vehicle). He explained that the presence 

of norepinephrine and dopamine in banana extract possibly modulated the bacterial 

growth. Indeed, the S. flexneri culture with exogenous norepinephrine and dopamine 

showed the higher cell viability with 3 log-fold increases as compared to the cultures 

in non-supplemented media. Also, norepinephrine was available in unripe, ripe and 

overripe banana pulp extract with 295, 825 and 325 ng/ml extract, respectively; while 

dopamine data was not shown. Total organics was recorded correspondingly 38.1; 

50.7 and 43.4 mg/ml extract. 
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Freestone et al. (2009) researched the enhancement effects of banana extract, 

especially from pulp extract on bacteria (i.e. lactic acid bacteria - LAB). They pointed 

out that banana extract was resistant to heat treatment, even at autoclaved condition 

(121°C for 20 minutes) without significant loss of activity. Experimentally, the L. 

casei strain was cultured in serum-based medium with supplemented banana extract 

and with individually dietary phenolates (e.g tannic acid, catechin. caffeic acid, 

chorogenic acid) which able to modulate the LAB growth. The banana extract 

obviously showed a comparably microbial growth; and the others with purified form 

were expensive and less effective. Moreover, they pointed out that lactic acid bacteria 

took at least 5 days to grow with individual colony size on Luria Agar (LA); while 2% 

(v/v) banana extract supplemented in LA agar, the incubation time could be 

remarkably reduced to only single overnight at 37°C. Also, at all serially–diluted 

levels, their visible colonies on MRS agar with 2% banana extract were substantially 

more than colonies on non-supplemented MRS agar after 36 hours under anaerobic 

conditions at 30°C. Furthermore, banana extract even improved cell viability in food 

(e.g yogurt) with approximately higher over 140-fold viable cells obtained. Indeed, 

there was a significant difference about level of viable cells occurring in presence of 

banana extract (p<0.001): the significant increase appeared after 3 days and peaked at 

about 7 days. In contrast, the non-supplemented yogurt did not show the significant 

changes in viable cells during incubation time.  

 Additionally, as previously mentioned, enzyme-extracted banana juice was 

used to culture some acetic acid bacteria strains (Supakod and Wongwicharn, 2011). 

Banana juice showed comparably growth patterns as compared to those in some 

synthetic media (HS and GYE) or coconut for most of bacterial strains, exception for 

A. xylinum Coc5. The presence of ammonium sulfate as supplemented nitrogen source 

at 0.5% (w/v) affected positively (A. xylinum Coc5) and negatively on the cell 

viability (A. xylinum TISTR 975 and A. xylinum AGR 60), depending on the bacterial 

strains. Although there was no special or detailed explanation for effects of banana 

juice, its promoting effects on biomass was confirmed. 
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2.3 Starter culture dehydration 

 2.3.1 Starter culture 

A large number of variable microorganisms such as bacteria, yeasts, molds, 

ect added into the substrate to accelerate the fermentation process and/or to facilitate 

the predictability of its products is defined as starter culture (Holzapfel, 1997). To 

obtain an efficient starter, microorganisms are isolated from specific substrate (e.g 

foods) to screen their characteristics. The desirably purified strains are identified and 

kept for maintenance. The pure culture usually proliferates in small-volume medium 

to attain approximately 10
6 

cells/mL or more for sufficiently being starter culture for 

fermentation (Ray, 2004). Starter culture includes one microorganism (single-strain 

culture) or even mixture of different strain cultures (multiple-strain culture). Some 

examples are showed in Table 2.  

Table 2 Types of starter cultures used in various fields of food fermentation typical of 

industrialized countries 

Foodstuff Single-strain 

culture 

Multiple-strain 

culture 

Mix-strain 

culture 

Sauerkraut + - - 

Various vegetable + - - 

Vegetable juice + - - 

Soy products + - - 

Sour dough + + + 

Wine + + - 

Dry sausage + + - 

Dairy product + + + 

(+), applied and (-), not used 

Sources: Buckenhuskes (1993 cited by Holzapfel, 2002) 

As mentioned above, acceleration in fermentation process and ability to 

control product quality are the primary considerations for starter selection. Besides, 

Holzapfel (2002) also mentioned to further features for starter culture, including non-

toxinogenicity and non-pathogenicity, stability and maintenance its activity even after 

prolonged subculturing, anti-activity to pathogens, toxic, residues, etc and probiotic 

properties. 
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2.3.2 Starter culture dehydration 

Drying is defined as the process in which the energy given by hot air is 

received by sample, and the moisture in sample is taken by dry air at the same time 

(Heldman and Hartel, 1997). In recent years, drying has been widely applied for 

microorganisms with maintenance their biological activity for increasing of trading 

values. Moreover, dehydrated starter culture has been preferred in use due to 

advantages in application and storage.  

According to Fu and Chen (2011), during a thermal drying process, most of 

microorganisms are affected by two significant stresses including heat and 

dehydration. With heat, macromolecules such as protein, amino acids, etc are 

denatured in manner of breaking their internal linkages into monomeric units which 

are easier destructed in further, results in the death of cells. Otherwise, dehydration 

stress not only removes the water available in cytoplasmic, leading to the change of 

physical state; but also causes lipid peroxidation for leaking some of life-essential 

cellular substances. They summarized some extrinsic factors could affect to the cell 

survival during dehydration, even in storage time that were presented in Figure 2.  

The increase in survival cells has been important strategy to improve the 

quality of dehydrated starter culture. The main concepts are to protect the essential 

cellular structure intact from the causative damages in drying and to keep the fully 

functional activities after rehydration to maintain the cell viability. In fact, the heat 

stress and thermal injury are unavoidable; each applied drying process has specific 

parameters need to be controlled for enhancement survival rate. For examples, 

Lactobacillus paracasei cultured at a pilot scale (300 L) could survive up to 84.5% 

within 80 to 85°C optimal air outlet temperature of for spray drying. They were 

present in powder with moisture contents from 4.1 to 4.2% and viable counts of 

3.2×10
9
 CFU/g (Gardiner et al., 2002). Friesen et al. (2005) pointed out convective 

air-drying for Penicillium bilaiae - a fungal micro-organism, was affected by solids 

temperature, moisture content and drying rate. The viable conidia were significantly 

recovered with the high inlet air relative humidity and slower drying rate. However, in 

this part, the drying processes and controlling their parameters are not referred to; 

while the general concepts that could be concerned before and after drying to 

protect/enhance the microbial cells were especially mentioned.  
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Figure 2 Important extrinsic factors in each processing step during the dehydration of 

microorganisms 

Source: Fu and Chen (2011)  

Corcoran et al. (2004) reported that Lactobacillus rhamnosus GG at stationary 

phase could exhibit better survival than at other phases for the spray-drying process; 

bacteria at the lag phase were the most susceptible to environmental effects. The 

explanation possibly was due to the high stress tolerance induced by physiological 

changes of growth medium such as carbon starvation, deprivation of nutrients and 

accumulation of toxic metabolites of this phase. Besides, culture medium with 

induced stressful shock responses (e.g. osmotic shock, heat shock) temporary 

improved the stress tolerance that might improve cell viability during subsequent 

drying and storage. Tymczyszyn et al. (2007) studied the growth of L. bulgaricus in 

low water activity medium (e.g. MRS broth with 250 mmol/L sucrose) with trehalose 

and sucrose as protective agents during drying process. They found the synergic 
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protective effects on microbial survivals as they primarily were cultured in osmotic-

shock medium and consequently suspended into protective agents. 

Protectant is the term indicates for the substance added to protect 

microorganisms/cells from thermal intact during drying. They have been classified 

into several types such as monosaccharide, disaccharides and polysaccharides, 

proteins, peptides, etc which are applied specifically for microorganisms. In addition, 

they physically are present in liquid and solid forms, while the uses largely depend on 

drying process. Fu and Chen (2011) reported the cells suspended into liquid 

protectants were protected from thermal intact by stabilizing the cellular structure by 

accumulation of compatible solutes or osmolytes (e.g. glutamate, proline, betaine, 

carnitine, sucrose, trehalose) to alleviate the heat and osmotic stress. Otherwise, solid 

protectants reduced water activity of the pellet could cause the osmotic shock for the 

cells prior to drying. The temporary shock might improve the stress tolerance that 

might improve cell viability during subsequent drying. Their protective effects were 

showed in several studies in which the survival cells suspended in protectant is higher 

than the cells in distilled water (Nodye et al., 2007, Wongsudaluk, 2012).  

Storage conditions including temperature and packaging that closely related to 

moisture content, water activity and oxygen significantly affected on viable cells 

during storage. Four degree Celsius has been reported to be the recommended storage 

temperature for many microorganisms. For examples, freeze-dried cells of thermal-

resistant strains of acetic acid bacteria could be conserved for at least 6 month without 

loss of viability (Nodye et al., 2007). Acetobacter aceti TISTR 102 starter powder 

prepared by low-thermal drying method could remain their viability within 1 month at 

refrigerated temperature (Wongsudaluck, 2012). Otherwise, at elevated temperature 

such as 37
o
C caused significant reduction in cell availability, which properly 

explained by the natural degradation of life-essential macromolecules such as lipids 

and proteins. In contrast, moisture content and oxygen presence favorably proceed to 

biochemical reactions that cause the decline in viable cells during storage. Indeed, 

moisture content is reported to cause decrease viable cells at the high levels (Teixeira 

et al., 1995; Ying et al., 2010). The vacuum condition could remain the cell viability 

better than the without-vacuum condition could (Chávez and Ledeboer, 2007, 

Wongsudaluk, 2012).  
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2.4 Vinegar 

2.4.1 History and market trends 

The word "vinegar" originates from the old French which means “vinaigre” or 

“sour wine”. Historically, vinegar firstly appeared thousand years ago when wine 

accidentally had gone bad with over time. It is possibly considered as a food by-

product from wine (alcoholic substrate) when wine is further fermented in contact 

with air by bacterial organisms (Chatterjee, 2009). Vinegar is present globally with 

various types in market depending on culture and region. The dressing and vinegar 

industry continuously develops with more and more new product launches have been 

introduced in over the world. The new product launches in 2008 are presented in 

Table 3 with some interesting features corresponding to regional culture and healthy 

concerns. In spite of only 23% of total launches, Asia Pacific was the second in total 

launches as compared to the other regions in 2008. Thailand, Vietnam and China were 

reported as being the most active countries, together accounting for 56% of new 

product launches in Asia. From this result, in Asia countries, these three countries in 

particular, have opportunities to introduce their products into global market. However, 

they also face to challenges to make products that possess the proposed features and 

distinctive flavor. 

2.4.2 Uses of vinegar  

Vinegar, the oldest cooking ingredient in the world, is superior for dissolving 

essential oils from herbs, spices to make a sauce ingredient with its ubiquitous uses in 

culinary (Conner and Allgeier, 1976). Today, the use of vinegar has been still applied 

not only in household scale (e.g. marinades), but also in dressing industry with 

enormous products such as salad dressing, mayonnaise, ketchup, hot sauce, etc. In 

general, the uses of vinegar are applied in food industry as an acidulant, a flavoring 

agent (Hutkins, 2008). In addition, due to its acetic acid content, vinegar is a 

preservative itself and throughout history it has been a traditionally preservative 

method for food, along with solar drying, salting and smoking (Adam, 1998). By 

adjusting pH of certain food products, harmful microorganisms could be inhibited in 

pickling method. Until now, using vinegar for preservative purpose has been 

remained, especially in developed countries because of the lower cost.  
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Table 3 Data of new product launches of dressing and vinegar industry in different 

regions  

Areas Percentage of new 

product launches 

Features of production 

Europe 37% Producing specific vinegar varieties from 

Organic, blueberry, cranberry, Saskatoon 

berry, ice wine, maple syrup 

North America - Focusing dominantly on naturalness 

Latin America 18% Reducing allergen and calories 

Asia Pacific 23% Reducing the fat content and the amount of 

additives and preservatives; naturalness 

and health trend 

Middle East 

and Africa 

- Producing vinegar from specific fruit 

varieties apple, cranberry, raspberry, 

honey, and potato. 

Source: http://www.ats-sea.agr.gc.ca/inter/4344-eng.htm  

Since a long time ago, the use of vinegar as medicine probably started soon 

after it was discovered. Indeed, Babylonians and Greek used vinegar as a disinfectant 

for wounds or combined with honey for patients to recover from illness (Conner and 

Allgeier, 1976). Vinegar until now has been used for remedy purposes, however with 

insignificantly applied cases. In contrast, vinegar, itself is a subject of commercial 

product for serving as drinking beverage and using vinegar as a healthy drink has 

been a new trend in medicinal consumption of vinegar. The concept of drinking-

vinegar appeared a long time ago in Roman when antibiotic activity predominantly 

emerged and it was proved to be an intoxicating drinking. The healthy benefits so far 

have been reported by Kim et al. (2012) such as immune modulation effect, 

suppression of cardiovascular disease, prevention of appetite increase, an increase in 

digestion absorption, and reduction in serum cholesterol level, arterial stiffening, and 

blood pressure. In terms of product development, several types of vinegar that 

flavored with flowers, fruits or honey are created to satisfy the drinking-vinegar 

market. 

http://www.ats-sea.agr.gc.ca/inter/4344-eng.htm
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Also according to Conner and Allgeier (1976), vinegar contains acetic acid as 

the main chemical composition is not only used in food but also applied in living. 

Indeed, vinegar used to apply in fire-setting system as a coolant, but now some 

artificial chemicals have been replaced. Several tips in which vinegar is considered as 

a natural beautifier for body, skin or hair are shared on network or in book likewise. 

White leads that are widely used to produce paints and cosmetics could be made from 

vinegar. Moreover, vinegar also has many healing functions such as cleaning, 

sanitizing and deodorizing.  

2.4.3 Vinegar fermentation 

 

Figure 3 Schematic outline of vinegar production 

Source: Adam (1998) 

Figure 3 shows a schematic outline for production of vinegar-an acidic liquid 

made from fermentable carbohydrate source within 2 steps: ethanol fermentation and 

acetification. While the first stage involves activities of yeasts to convert fermentable 

sugar into ethanol, acetic acid bacteria oxidize ethanol into acetic acid in the second 

stage. With any natural sources of sugar, vinegar could be produced into several kinds 
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of vinegar. For example, the sugar may be derived from the juice, or cider, of fruit 

(such as grapes, apples, raisins, or even coconuts); from a grain (such as barley or 

rice); from honey, molasses, or sugar cane; or even, in the case of certain distilled 

vinegars, from the cellulose in wood (such as beech). Theoretically, 1g from glucose 

could be converted into 0.51g and 0.67g of ethanol and acetic acid, respectively. From 

that, 2% (w/v) is the minimum sugar content required to attain every 1% (w/v) acetic 

acid in the final product. Therefore, depending on the characteristic of raw materials, 

dilution or concentration by adding more sugar could be applied (Adam, 1998). 

2.4.4 Vinegar production methods 

 2.4.4.1 Orleans process 

This process was accidently found in 1670 when the wine 

spontaneously acidified into acetic acid within the long storage time under activity of 

wild microorganisms. In this process, the wood barrels are filled with alcohol 

fermenting liquid; the acetic acid bacteria developed as a slime layer on the top of the 

liquid. When the layer is easy to be broken when vinegar is shaken or taken out and 

falls down to the bottom. But, fermentation continuously occurs and the new layer 

will be formed. The low of acidity and very long fermentation time are disadvantages 

for this method. Moreover, risk from undesirable microorganism could cause spoilage 

for product. However, this method had an advantage in setting up with simple 

apparatus and high pure quality, especially for spirit (pure wine) vinegar. 

2.4.4.2 Generator method 

This fermenting barrel is supplemented with a non-compacting 

material (e.g. beech wood shavings, charcoal or coke) containing acetic acid bacteria. 

The fermenting liquid trickles over the packing material that is re-circulated toward 

the bottom while air moves from the bottom through inlets toward the top. As the 

result, the interact surface between the fermenting liquid, air and bacteria increases to 

improve the efficiency and productivity. The higher acetic acid concentration could be 

obtained within the relatively simple equipment and short time for fermentation. 

However, the packing materials should have some properties such as nontoxic, low 

density, high porosity, rough and large surface, and high mechanics. 
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2.4.4.3 Submerged fermentation 

In this method, the fermentor is designed to how the mash is stirred 

and aerated frequently. A heat exchanger is also set up to regularly maintain the 

optimum temperature during the fermentation process. In the fermentor, a suspension 

is formed with bacterial packing is solid phase and fermenting substrate is liquid 

phase.  Within this design, the fermentation time is shortened to get a high efficiency. 

The disadvantage of this equipment is the complicated apparatus with the high cost 

for setting up. 

2.4.5 Vinegar qualities  

Hutkins (2008) found that there were two considerable criteria for assessment 

the quality of vinegar: physiochemical and sensorial criterion. The former associated 

to the properties that can differentiate vinegar from diluted vinegar or non-brewed 

condiments, while the later related to sensorial attributes for marketable potential. 

2.4.5.1 Physiochemical properties 

For vinegar, acetic acid content is the principle quality criterion that 

producers and consumers concern about. Titration with standard sodium hydroxide 

and phenolphthalein as indicator is used to determine total acetic acid content. The 

higher its level of acetic acid, the more acidic the vinegar will be. In UAS, acidity is 

set up at 4% (w/v) for minimum level, and this level is also recommended for 

vinegars in UK. Similarly, 4% (w/v) acidity is also applied in Asian regions, and 

Thailand is an example. Otherwise, in Europe region, the Codex Standard proposes 

6% for wine vinegar and 5% for other types. In other words, depending on culture and 

region, on type of vinegar, the minimum level for acidity is different, but normally 

acceptable content of between 4%-5% (w/v). Vinegar is made from ethanol substrate 

but the maximum residual ethanol in vinegar is only 0.5% (v/v), exception wine 

vinegar with 1.5% (v/v). Examples of acidity and residual ethanol in some types of 

vinegar are shown on Table 4. Several methods based on physiochemical properties 

of vinegar could be used to differentiate it with distilled vinegar and non-brewed 

condiment. For example, pH refers to the amount of hydrogen ions present in solution 

is the simplest method. Vinegar with non-volatile buffering has the higher pH value as 

compared with observed values of equivalent acetic acid solutions. The UV 

absorption spectrum, osmotic pressure, freezing point depression, even some 
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biochemical assessments (e.g: oxidation value, alkaline oxidation value, etc) also give 

rapid and certain differentiation between vinegars and other samples. Chatterjee 

(2009) claimed that vinegar containing 5% (w/v) acetic acid had pH, density, freezing 

point and boiling point of 2.4, 1.01 (g/ml), -2
o
C (28F) and 100.6

o
C (213F), 

respectively. Vinegar is composed of 95% water. It contains no protein, fat or 

vitamins, very little carbohydrate and very few calories. Unpasteurized vinegar 

contains very small quantities of minerals. Pasteurized vinegar has almost no 

minerals. 

Table 4 Acidity and residual ethanol content of several vinegars 

Vinegar 
Acidity 

(% w/v) 

Ethanol 

(% v/v) 
References 

Malt vinegar 4.3 - 5.9 - Solieri and Giudici 

(2009) Cider vinegar 3.9 - 9.0 0.03 

Wine vinegar 4.4 - 7.4 0.05 -0.3 

Rice vinegar 4.2 - 4.5 0.68 

Chinese rice vinegar  6.8 - 10.9 - 

Cashew vinegar 4.62 0.13 

Coconut water vinegar 8.28 0.42 

Mango vinegar 4.92 0.35 

Sherry vinegar 7.0 0.35 

Pineapple vinegar 5.34 - 

Jujube vinegar 3.91 2.07 Vithlani and Patel (2010) 

Onion vinegar  29.4 2.00 Horiuchi et al. (1999) 

Sugar cane vinegar  5.05 2.20 Kocher et al. (2014) 

2.4.5.2 Sensory evaluation 

According to Gerbi et al. (1997), "Sensory analysis is an indispensable 

pre-requisite to chemical analysis, in the definition of the characteristics and value of 

food products". For vinegar products, several sensorial criteria relates to visual 

appearance (e.g. turbidity, colour), odor (smell), organoleptic attributes (e.g: flavor, 

sourness). However, these attributes are not easy to be assessed because of the 

aggressive taste and smell that specifically characterize for vinegar products. 
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Therefore, there have been two common manners to serve sample for sensory 

evaluation. The first is to serve the samples in normal tasting glasses and the taste is 

evaluated using a glass rod or stainless steel teaspoon to limit the quantity of vinegar 

ingested. On the other hand, samples are possibly diluted or mixed   with other foods 

are usually preferential ways for carrying out. Besides, because of speciality in 

assessment, trained panelists and specific descriptors are required to obtain the 

reliable and detailed results. 

2.5 Alcoholic fermentation 

2.5.1 Yeast 

Yeast belongs to eukaryotic microorganisms, especially the kingdom of fungi 

with the asexual reproduction by budding or division (Walker, 1998). To be fact that, 

generally there is a large number of yeast and yeast-like fungi widely distributed in 

nature (e.g. orchards and vineyards, in fruit and vegetable, in the air, the soil and the 

intestinal tract of animals) (Solieri and Giucidi, 2008), but only a few are commonly 

associated with the production of fermented foods. The genus Saccharomyces was 

important in food fermentations due to its varieties were the most common yeasts in 

fermented foods and beverages based on fruit and vegetables (Walker, 1998). 

Moreover, even many of the fundamentals of genetic inheritance in eukaryotic cells 

were initially identified and studied in this yeast. Ray (2004) morphologically 

described Saccharomyces cells as spheroidal, cylindrical or elongated with 

approximate 5-30 x 2-10 μm of size. On agar, their colonies appear with white or 

creamed colour and typical yeast odor. In Saccharomyces genus, S. ellipsoideus is 

responsible for wine making; while S. cerevisiae, derived from wild yeast used for 

manufacture beer and wine a long time ago, has been still widely applied in brewing, 

wine and even bakery industry. Indeed, there have been several studies in which S. 

cerevisiae was used for alcoholic fermentation, especially as such a substrate for 

vinegar production (Horiuchi et al., 1999; Vithlani and Patel, 2010). 

2.5.2 Mechanisms of alcoholic fermentation 

Alcoholic fermentation is a biochemical process relates to oxidation sugary 

substrate into ethanol by action of certain microorganisms, especially yeast. In 

general, glucose is the major carbon source for energy production in yeast.  Yet, it 



19 

 
1

9
 

P

a59
 

also can utilize a number of non-conventional carbon sources, such as biopolymers, 

pentoses, alcohols, polyols, hydrocarbons, fatty acids and organic acids which are 

preliminarily converted into simple constituents for consumption by their enzymes. 

For example, disaccharides, such as maltose, sucrose, melibiose, lactose or cellobiose 

can easily be accepted as nutrients by the actions of corresponding hydrolases which 

break these disaccharides down into their constituent mono-saccharides (Rodrigues et 

al., 2006). 

Principally, glucose is the major source that yeast consumes in glycolysis 

pathway with pyruvate formed at the end of process. Glycolysis is a catabolic process, 

whereby production of energy in form of Adenosine triphophate (ATP) is coupled to 

the generation of the intermediates (i.e. pyruvate) and the reduced form of 

nicotinamide adenine dinucleotide (NADH) for biosynthetic pathways. Two principal 

modes of the use of pyruvate in further energy production can be distinguished: 

respiration and fermentation. 

The respiration is a complex process that begins with glycolysis, followed by 

the Krebs cycle and the electron transport chain in the presence of oxygen. The 

pyruvate produced from previous glycolysis enters the mitochondrial matrix to be 

oxidatively decarboxylated.  Acetyl CoA is the consequent metabolite that initiate 

citric acid cycle to generate two molecules of CO2 and chemically reductive energy in 

form of NADH, FADH2 (reduced form of Flavin Adenine Dinucleotide) and ATP.  

The large amount of chemical energy stored in previous reductive energy is released 

in the subsequent electron transport chain process. The released energy is captured in 

the form of ATP by oxidative phosphorylation with oxygen as the electron acceptor. 

Most of this ATP is produced by the electron transport chain which can only function 

if O2 is available.  

Figure 4 particularly shows the fermentation process performing with the 

sugar metabolism in yeast. In alcoholic fermentation of sugars, pyruvate from 

glycolysis first is decarboxylated by pyruvate decarboxylase into acetaldehyde, and 

CO2 released in this process. The acetaldehyde is then reduced by NADH to ethanol 

(ethyl alcohol) with activity of alcohol dehydrogenase (AlDH) enzyme.  
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Figure 4 The metabolism of fermentation in yeast 

Source: Walker (1998) 

However, fermentation does not necessarily have to be carried out in an 

anaerobic environment. For example, even in the presence of abundant oxygen, yeast 

cells greatly prefer fermentation to oxidative phosphorylation, as long as sugars are 

readily available for consumption. This phenomenon is known as the Crabtree effect, 

which has been explained from a limited respiratory capacity of respiratory sugar 

metabolism (Rodrigues et al., 2006). 

2.5.3 Factors affect to alcoholic fermentation  

2.5.3.1 Oxygen 

Most yeasts preliminarily require an abundance of oxygen for growth, 

but the controlling the supply of oxygen later is required for alcoholic fermentation in 

anaerobic condition. Alcoholic fermentation in anaerobic condition produced higher 

ethanol content within longer time to complete as compared to fermentation in aerobic 

condition. Indeed, Ciani et al. (2000) showed the fermentation of S. cerevisiae 

DBVPG 6663 in both anaerobic and aerobic conditions with ethanol contents of 105.9 

g/l and 50.7 g/l, respectively. 
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Giovanelli et al. (1996) pointed out that 100 hours were needed to 

complete the aerobic fermentation of grape juice, while sugars were exhausted within 

200 hours under anaerobic conditions. Similarly, the significantly higher ethanol 

content was observed in anaerobic condition as compared with aerobic condition upon 

activity of S. cerevisiae TISTR 5049. On the other hand, the biomass produced in 

aerobic condition was higher than the one of counterpart (Wongsudaluck, 2012).  

2.5.3.2 Sugar content 

For alcoholic fermentation, substrate concentration (i.e. sugar content) 

is an important factor in fermentation. Kumoro et al. (2012) found out that upon 

activity of baker‟s yeast, the increase in sugar content from 8 to 14% increased the 

ethanol produced and remained the higher residual sugar content within longer time to 

complete fermentation. In study on thick juice fermentation, substrate concentrations 

from 5.0 to 15.0 g/L also showed the significantly positive effects on the ethanol 

produced (Grahovac et al., 2012).  

However, the decrease in ethanol production, even the yeast cells, at 

the high sugar concentration has been mentioned by several researchers. For 

examples, substrate concentrations from 200 g/L to 300 g/L gave the growth rate 

decline for some yeasts and final cell biomass (Charoenchai et al., 1998). The high 

glucose concentrations up to 300 kg/m
3
 decreased the ethanol conversion efficiency 

that explained by the internal pH changes as by-products accumulated and ethanol 

formed (Lin et al., 2012). Besides, the high substrate concentration additionally might 

cause the osmotic shock that affected directly on the rate of glycolysis, resulted in the 

death of cells (Nagodawithana et al., 1974).  

2.5.3.3 Microbial concentration  

The yeast concentration played an important role for fermentation 

performance, especially influences on fermentation time. Pereira et al. (2013) showed 

that in high-cell-density fermentation of honey-must, the more cells were applied (up 

to 10
8 

cfu/ml), the higher consumption rate was observed in both yeasts (QA3 and 

ICV D47). In terms of using baker‟s yeast for fermentation, Ocloo and Ayernor 

(2010) completely fermented 3000 mL cassava flour hydrolysate to attain 8.30±0.70 

(%) ethanol concentration after 120 hours, 72 hours and 48 hours with 100 mL of 
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20.0, 15.0 and 5.0 % (v/v) baker‟s yeast, correspondingly approximated to 0.65, 0.5 

and 0.1% (w/v) baker‟s yeast, respectively.  

Kumoro et al. (2012) fermented clarified jackfruit juice of 14 % (w/w) 

initial sugar with different (Saccharomyces cerevisiae) concentrations 0.5, 1.0, 1.5 

and 2.0 % (w/v) under anaerobic condition at 30°C for 14 days. The increase in 

baker‟s yeast concentration from 0.5 to 1.0% (w/v) obviously increased the 

fermentation rate, but the insignificant difference was not observed at the 

concentrations from 1.0% (w/v) upwards. As the results, approximately 12.13% (v/v) 

ethanol attained after 9 days of fermentation with 0.5 %( w/v) baker‟s yeast, while 

only 7 days were sufficient to obtain the similar ethanol content at the higher 

concentrations of baker‟s yeast.  

Akin-Osanaiye (2008) reported that the pawpaw fruit waste performed 

alcoholic fermentation within 3 days attained 3.04±0.08; 3.30±0.03, 3.28±0.01 and 

3.34±0.03 ethanol contents at 1, 2, 5 and 10% baker‟s yeast. 

2.6 Acetous fermentation 

2.6.1 Acetic acid bacteria 

In terms of morphology, Guillamón and Mas (2009) described acetic acid 

bacteria with ellipsoid or cylindrical shape, which belong to gram-negative or gram-

variable microbes. They could be seen under microscopy in individuals, pairs or in 

clumps with 0.4-1.0μm in width and 0.8 - 4.5μm in length. Acetic acid bacteria 

belong to obligated aerobic group which able to archive oxidation reactions in 

presence of oxygen as a terminal electron acceptor. They have flagella for them to be 

motile, but they do not form endospores as a defensive resistance. The optimum pH 

for the growth of acetic acid bacteria is 5-6.5, yet even in low pH 3.0-4.0 they still can 

grow. 

Acetic acid bacteria are available in sugary, alcoholised or slightly acid 

substrates (e.g. fruits, beer, wine, cider) and enable to oxidize substrates into organic 

acids as final products. Certainly, acetic acid bacteria can oxidize a wide variety of 

substrates such as carbohydrates, organic acids, and nitrogen. Particularly, when the 

substrate is ethanol, acetic acid is produced to make vinegar, and this is where the 

name of the bacterial group comes from. In vinegar, Acetobacter (A. aceti) and 
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Gluconobacter (G. suboxydans) genera are mostly available and well-known as the 

acetic acid bacteria produced vinegar (Lasko et al., 1997). With the ability to produce 

more acetic acid, Acetobacter genus is favorable for vinegar production (Solieri and 

Giudici, 2009). Hutkins (2008) reported that Acetobacter aceti is a primary organism 

which has been extensively applied in vinegar manufacture. Indeed, there have been 

several studies using Acetobacter aceti to produce vinegar (Horiuchi et al., 1999; 

Vithlani and Patel, 2010; Kocher et al., 2014). 

2.6.2 Mechanisms of acetous fermentation 

Acetic acid fermentation related to biochemical and physiological processes 

occur within the periplasmic space and cytoplasmic membrane of obligate aerobes, 

instead of in cytoplasm. Thereafter, energy is not yielded by the substrate level 

phosphorylation in normal catabolic pathways. In contrast, the electron transport and 

oxidative phosphorylation reaction in respiratory chain are responsible to generate 

ATP as the yield. The mechanism of acetification from ethanol into acetic acid is 

illustrated in Figure 5. 

 

Figure 5 The oxidation of ethanol into acetic acid in Acetobacter bacteria 

Source: Adam (1998) 
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Hutkins (2008) described that two enzymatic systems including alcohol 

dehydrogenase (AlDH) and acetyldehyde dehydrogenase (AcDH) for the conversion 

of ethanol to acetaldehyde in acetic acid bacteria. AlDH is linked to the cytoplasmic 

membrane, while AcDH is in the cytoplasm. They contain pyrroloquinoline quinone 

(PQQ) which has specific activity as electron acceptor for oxidation of alcohol into 

acetaldehyde and from acetaldehyde to acetic acid. Ethanol dehydrogenase in 

Acetobacter genus was reported to be more stable than the one from Gluconobacter 

genus, resulted in more complete oxidation for vinegar production. Electrons 

production from the oxidative reactions is transferred by these enzymes into the 

cytochromes for respiratory chain. Eventually, energy is generated by physiological 

processes in respiratory chain for microbial growth and development with acetic acid 

and water as the final products. Some acetic acid bacteria such as Acetobacter aceti, 

Acetobacter pasteurianus and Gluconobacter (belongs to suboxydans group) have 

ability to oxidize further acetic acid into CO2 and H2O in absence of ethanol 

(Macauley et al., 2001). In actual vinegar production, this phenomenon causes 

disappearance of acetic acid, which is undesirable and called over-oxidation (Solieri 

and Giudici, 2009). 

2.6.3 Factors affect to the acetous fermentation 

2.6.3.1 Oxygen and agitation (shaking speed) 

Acetic acid bacteria belong to obligated aerobes microorganism with 

high oxygen requirement for metabolism. The presence of oxygen could maintain 

intracellular ATP of bacteria, which is necessary to prevent the cells from penetration 

of acetic acid. As the result, the cells are not broken down and the fermentation is kept 

going on (Schlepütz et al., 2013).  

Tesfaye et al. (2000) stated that stirring or agitation facilitated the 

oxygen transfer from the gas phase to the liquid phase by breaking the large bubbles 

at the entrance of air. In their research, with 450 rpm and 250 rpm for agitation speed, 

fermentation performed with higher efficiency and 450 rpm was reported as the 

optimal stirring speed.  

Schlepütz et al. (2013) referred the results with 30 seconds for oxygen 

interruption caused reduction of 17 % for acetic acid formation rate, in spite of the 

high ethanol concentration (65g/L) and at the early phase of fermentation.  
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Kocher et al. (2014) reported that fermentation with agitation at 75 

rpm could reduce the time as one-half as the time of control sample (sample without 

agitation), while acetic acid contents corresponding are 3.99 and 2.14 (w/v). 

2.6.3.2 Ethanol content  

Ethanol is the main carbon source for acetic acid bacteria in vinegar 

production. However, at higher concentrations, their growth could be inhibited. The 

ethanol concentration could be varied from 2%-10% (v/v) for fermentation substrate.  

Wongsudaluk (2012) showed the growth of 6% ethanol was better than the one of 8% 

ethanol. According to Gullo et al. (2006), fermented cooked must with less than 8% 

(v/v) of ethanol was commonly applied in traditional balsamic vinegar. 

2.6.3.3 Nutrients  

The supplementation of nutrients like growth factors and minerals 

enhance the fermentation efficiency as compared with the fermentation. According to 

result of Kocher et al. (2014), approximate 24 days were necessary to attain 

approximate 5% acidity in static condition without any supplementation. Otherwise, 

with nutrients and shaking the fermentation time was reduced to about one-third as 

compared with the former. From that, the acetic acid contents were corresponding 

higher in supplement treatment with 6.10% (w/v) acidity. 
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CHAPTER 3 

MATERIALS AND METHODS 

3.1 Microorganisms 

3.1.1 Acetic acid bacteria 

Acetobacter aceti TISTR 102 strain was bought from the Thailand Institute of 

Scientific and Technological Research was inoculated in GYC agar (D-glucose, 

100g/L; yeast extract, 10g/L; agar, 20g/L and calcium carbonate 10g/L). The culture 

was incubated at 30
o
C for 24 hrs, subsequently stored at 4

o
C and subcultured every 

month to preserve the pure culture.  

3.1.2 Commercial baker’s yeast 

Commercial baker yeast (Angel Yeast Gold Baker‟s) was bought from the 

local market in Pattani province (Thailand) was used in this research. The cell 

viability of baker‟s yeast was determined by spread plate technique on YEPD agar 

(D-glucose, 100g/L; yeast extract, 10g/L; peptone, 10g/L and agar, 20g/L) and 

expressed as colony forming unit per gram powder (CFU/g). The viable cell 

concentration of baker‟s yeast was 2.1x10
9
 CFU/g. The commercial baker‟s yeast in 

instant dry form is shown in Figure 24 (Appendix C). 

3.2 Experiments  

3.2.1 Properties determination of coconut water and banana juice 

3.2.1.1 Coconut water 

Coconut water was collected from the coconut milk store in Pattani 

province (Thailand). Then, it was filtered through a thin cotton cloth and boiled in 10 

minutes for pasteurization before storage in deep-freezing condition (-20
o
C). 

To analyze physiochemical properties of coconut water, the pH value 

and total soluble solid were recorded by a digital pH meter (Metler Toledo, 

SevenEasy S-20K) and a hand-refractometer (Atago N1), respectively. Total sugar 

and reducing sugar were determined by phenol sulfuric acid method (Dubois et al., 

1956) and DNS method (Miller, 1959), respectively. The Kjeldahl method (AOAC, 

2000) was applied to estimate total nitrogen. Phosphorous, sulfur, potassium, sodium, 

calcium, magnesium, zinc, copper and iron were estimated with atomic absorption 

spectrometry (AOAC, 2000). 



27 

 
2

7
 

P

a59
 

3.2.1.2 Banana juice 

Namwa bananas (Musa sapientum L.), which were still slightly green 

and bought in the local market in Pattani province (Thailand), were naturally ripe at 

ambient temperature. The bananas that had yellow colour with slightly brown spot on 

the peel were used for the research and shown in Figure 21 (Appendix C).  

The bananas were washed, peeled and chopped into small pieces 

before adding hot water at ratio 1 water: 1 banana pulp. The banana mash was heated 

in water bath at 95
o
C for 1 hr and then was filtered through a thin cloth to obtain the 

banana juice. Banana juice was boiled in 10 minutes at 75
o
C for pasteurization before 

storage in deep-freezing condition (-20
o
C). 

To analyze physiochemical properties of banana juice, the pH value 

and total soluble solid were recorded by a digital pH meter (Metler Toledo, 

SevenEasy S-20K) and a hand-refractometer (Atago N1), respectively. Total sugar 

and reducing sugar were determined by phenol sulfuric acid method (Dubois et al., 

1956) and DNS method (Miller, 1959), respectively. The Kjeldahl method (AOAC, 

2000) was applied to estimate total nitrogen. Phosphorous, sulfur, potassium, sodium, 

calcium, magnesium, zinc, copper and iron were estimated with atomic absorption 

spectrometry (AOAC, 2000). 

3.2.2 Optimization of culture conditions for A. aceti TISTR 102  

3.2.2.1 Effect of banana juice volume on the bacterial growth 

Coconut water was standardized to approximately 10% (w/v) total 

sugar by commercial sucrose (Milk Phor), subsequently was supplemented with 

banana juice at different ratios: 0, 25, 50, 75 and 100% (v/v). The GY medium was 

used as the reference medium. All experimental culture media were adjusted to pH 

5.0±0.05 by either HCl 0.1N or NaOH 0.1N. The 500 mL-round bottom flasks 

contained 300 mL working volume were autoclaved at 121
o
C for 15 minutes. 

A full loop of A. aceti TISTR 102 from GYC agar plate was inoculated 

into GY broth (D-glucose, 100g/L; yeast extract, 10 g/L). The culture was incubated 

on rotary shaker at 30ºC and 120 rpm within 18-24 hrs to measure optical density at 

600 nm absorbance (OD600). The OD600 was adjusted to 0.5±0.05 before inoculating 

into experimental media. Starter culture at 5% (v/v) was inoculated into experimental 

media and incubated in rotatory shaker for 72 hrs at 30
o
C and 120 rpm. Sampling was 
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carried out at every 6 hrs in the first 48 hrs and every 12 hrs for the consequent time. 

Samples were taken out to determine pH, reducing sugar by DNS method (Miller. 

1959) and viable cells by spread plate technique on GYC agar. The incubation 

conditions were 30
o
C for 24-48 hrs. The cell viability was considered as the 

predominant criterion to assess the effectiveness of experimental medium. 

Completely randomized design (CRD) was applied in this experiment 

with 3 replications. The collected data were analyzed based on ANOVA and 

presented as mean values with standard deviations. Significant differences within the 

treatments were analyzed by Duncan‟s multiple range test (DMRT) at a 5% 

probability level (p ≤0.05) 

3.2.2.2 Effect of ammonium sulfate on the bacterial growth 

Coconut water was standardized to approximately 10% (w/v) total 

sugar by sucrose (Milk Phor), subsequently was supplemented with 50 % (v/v) 

banana juice for culturing A. aceti TISTR 102. Ammonium sulfate was varied at 

different concentrations of 0 (control), 0.1, 0.3 and 0.5% (w/v) to supplement into the 

culture medium. All experimental media were adjusted to pH 5.0±0.05 by either HCl 

0.1N or NaOH 0.1N. The 500 mL-round bottom flasks contained 300 mL working 

volume were autoclaved at 121
o
C for 15 minutes. 

A full loop of A. aceti TISTR 102 from GYC agar plate was inoculated 

into GY broth (D-glucose, 100g/L; yeast extract, 10 g/L). The culture was incubated 

on rotary shaker at 30ºC and 120 rpm within 18-24 hrs to measure optical density at 

600 nm absorbance (OD600). The OD600 was adjusted to 0.5±0.05 before inoculating 

into experimental media. Starter culture at 5% (v/v) was inoculated into experimental 

media and incubated in rotatory shaker for 72 hrs at 30
o
C and 120 rpm. Sampling was 

carried out at every 6 hrs in the first 48 hrs and every 12 hrs for the consequent time. 

Samples were taken out to determine pH, reducing sugar by DNS method (Miller, 

1959) and viable cells by spread plate technique on GYC agar. The incubation 

conditions were 30
o
C for 24-48 hrs. The cell viability was considered as the 

predominant criterion to assess the effectiveness of experimental medium. 

Completely randomized design (CRD) was applied for study on effects 

of ammonium sulfate. The collected data were analyzed based on ANOVA and 

presented as mean values with standard deviations. Significant differences within the 
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treatments were analyzed by Duncan‟s multiple range test (DMRT) at a 5% 

probability level (p≤0.05) 

3.2.2.3 Effect of yeast extract on the bacterial growth 

Coconut water was standardized to approximately 10% (w/v) total 

sugar by sucrose (Milk Phor), subsequently was supplemented with 50 % (v/v) 

banana juice for culturing A. aceti TISTR 102. Yeast extract was varied at different 

concentrations of 0 (control), 0.2%, 0.6% and 1.0% (w/v) to supplement into the 

culture medium. All experimental media were adjusted to pH 5.0±0.05 by either HCl 

0.1N or NaOH 0.1N. The 500 mL-round bottom flasks contained 300 mL working 

volume were autoclaved at 121
o
C for 15 minutes. 

A full loop of A. aceti TISTR 102 from GYC agar plate was inoculated 

into GY broth (D-glucose, 100g/L; yeast extract, 10 g/L). The culture was incubated 

on rotary shaker at 30ºC and 120 rpm within 18-24 hrs to measure optical density at 

600 nm absorbance (OD600). The OD600 was adjusted to 0.5±0.05 before inoculating 

into experimental media. Starter culture at 5% (v/v) was inoculated into experimental 

media and incubated in rotatory shaker for 72 hrs at 30
o
C and 120 rpm. Sampling was 

carried out at every 6 hrs in the first 48 hrs and every 12 hrs for consequent time. 

Samples were taken out to determine pH, reducing sugar by DNS method (Miller, 

1959) and viable cells by spread plate technique on GYC agar. The incubation 

conditions were 30
o
C for 24-48 hrs. The cell viability was considered as the 

predominant criterion to assess the effectiveness of experimental medium. 

Completely randomized design (CRD) was individually applied for 

study on effects of yeast extract. The collected data were analyzed based on ANOVA 

and presented as mean values with standard deviations. Significant differences within 

the treatments were analyzed by Duncan‟s multiple range test (DMRT) at a 5% 

probability level (p≤0.05) 

3.2.2.4 Effect of shaking speed on the bacterial growth 

Coconut water at 10% (w/v) total sugar and 50 % (v/v) added banana 

juice without yeast extract and ammonium sulfate supplementation was applied for 

culturing A. aceti TISTR 102. The 500 mL-round bottom flasks contained 300 mL of 

working volume with adjusted pH 5.0±0.05 were autoclaved at 121
o
C for 15 minutes 
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A full loop of A. aceti TISTR 102 from GYC agar plate was inoculated 

into GY broth (D-glucose, 100g/L; yeast extract, 10 g/L). The culture was incubated 

on rotary shaker at 30ºC and 120 rpm within 18-24 hrs to measure optical density at 

600 nm absorbance (OD600). The OD600 was adjusted to 0.5±0.05 before inoculating 

into experimental media. Starter culture at 5% (v/v) was inoculated into culture media 

and incubated in rotatory shaker for 72 hrs at 30
o
C. Shaking speed was varied into 

120 and 150 rpm. Sampling was carried out at every 6 hrs in the first 48 hrs and every 

12 hrs for consequent time. Samples were taken out to determine pH, reducing sugar 

by DNS method and viable cells by spread plate technique on GYC agar. The 

incubation conditions were 30
o
C for 24-48 hrs. The cell viability was considered as 

the predominant criterion to assess the effectiveness of experimental medium 

Completely randomized design (CRD) was applied in this experiment 

with 3 replications and data were presented as mean values with standard deviations. 

Data were analyzed based on ANOVA - t-test at a 5% probability level (p≤0.05). 

3.2.3 Preparation and storage of A. aceti TISTR 102 starter powder.  

3.2.3.1 Effect of sucrose concentration on bacterial cells in drying 

The study on sucrose as a thermal protectant was carried out with 

concentrations 10, 20 and 30% (w/v). Sucrose solution was prepared with distilled 

water and commercial sucrose (Milk Phor). A. aceti TISTR 102 was cultured in 

coconut water with 50% (v/v) added banana juice within 21 hrs, 30ºC and 150 rpm. 

The pellet (cells) was collected by centrifugation with 9,600g at 4ºC for 10 minutes 

and purified with phosphate buffer 50 mM 6.5 pH two times. The purified cells were 

adjusted to concentration of 10
8
-10

9
 CFU/mL by mixing the cells from 5 eppendoft 

tubes and subsequently were resuspended in distilled water (control), 10, 20 and 30% 

(w/v) sucrose solutions within 1 hr. The cell suspensions consequently were mixed 

with sterilized rice bran with ratio 4mL: 10g and dried at 35
o
C for 12 hours. The rice 

bran initially contained 8.24±0.02 (%) moisture content, while the rice bran was 

autoclaved at 121
o
C for 15 minutes contained 10.51±0.08 (%) moisture content. The 

rice bran before and after autoclaving are shown in Figure 23 (Appendix C). 

Starter culture was rehydrated in sterilized distilled water to determine 

the viable cells by spread plate technique on GYC agar. The results of cell viability 

were expressed as log CFU/g. The ratio of the cell viability in starter powder between 



31 

 
3

1
 

P

a59
 

before and after drying was residual percentage - the predominant criterion to 

determine effect of protectant in thermal drying. The moisture content was evaluated 

according to AOAC (2000); while water activity was measured with water activity 

meter (AQUA LAB 3TE).  

Completely randomized design (CRD) was applied in this experiment 

with 3 replications. The collected data were analyzed based on ANOVA and 

presented as mean values with standard deviations. Significant differences within the 

treatments were analyzed by Duncan‟s multiple range test (DMRT) at a 5% 

probability level (p≤0.05). 

3.2.3.2 Effect of silica gel on starter powder during storage 

Approximate 10g of starter powder in aluminum foil pouch 

(6cm×10cm) were packed and sealed with vacuum condition. The starter powder 

packages then were covered with PE plastic bag (10cm×15cm) in presence of silica 

gel (SILICA GEL WHITE–Tippayakiat Co., Ltd) (Figure 22). The packages without 

silica gel were the control samples. Starter powder was stored at 4
o
C in refrigerator 

within 2 months. The cell availability, moisture content and water activity were 

monitored every 10 days. The starter powder was rehydrated in sterilized distilled 

water and serially diluted to determine the viable cells by spread plate technique on 

GYC agar. The moisture content is evaluated according to AOAC (2000), while water 

activity is measured with water activity meter (LAB AQUA).  

Completely randomized design (CRD) was applied in this experiment with 3 

replications. The collected data were analyzed based on ANOVA and presented as 

mean values with standard deviations. For each treatment, significant differences 

within the interval sampling times were analyzed by Duncan‟s multiple range test 

(DMRT) at a 5% probability level (p≤0.05). 

3.2.3 Preparation of vinegar from coconut water using baker’s yeast and 

A. aceti TISTR 102 starter powder 

3.2.3.1 Alcoholic fermentation: Effect of baker’s yeast concentration  

Coconut water standardized into 14% (w/v) sugar content with 

commercial sucrose (Milk Phor) was boiled in 10 minutes for pasteurization. The 

pasteurized fermenting liquid then was transferred in 2,000 mL round bottom flask 

with approximately 1,500 mL working volume. The commercial baker‟s yeast (Angel 
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Yeast Gold Baker‟s) was in instant dry form and contained 2.1x10
9
 CFU/g. Baker‟s 

yeast concentrations of 0.2, 0.4 and 0.6% (w/v) that corresponded to 6.3x10
9
, 1.3x10

10 

and 1.9x10
10

 CFU/g of yeast cell concentration, respectively, were inoculated directly 

into fermenting liquid. Fermentation process performed in round bottom flask fitted 

with cotton at room temperature (30±2
o
C) in 7 days at static condition. The sample 

was carried out daily to determine some specific properties. The pH and total soluble 

solid were monitored using a digital pH meter and refractometer, respectively. The 

total sugar was measured by phenol sulfuric acid method (Dubois et al., 1956), while 

ethanol concentration results were obtained from Ebulliometer equipment 

(Wongsudaluk, 2012) 

Completely randomized design (CRD) was applied in this experiment 

with 3 replications. The collected data were analyzed based on one factor ANOVA 

and presented as mean values with standard deviations. Significant differences within 

the treatments were analyzed by Duncan‟s multiple range test (DMRT) at a 5% 

probability level (p ≤0.05).  

3.2.3.2 Alcoholic fermentation: Effect of sugar concentration  

Coconut water was adjusted into various sugar concentrations 12, 16 

and 20% (w/v) by commercial sucrose (Milk Phor) and then boiled in 10 minutes for 

pasteurization. The pasteurized fermenting liquid then was transferred in 2,000 mL 

round bottom flask with approximately 1,500 mL working volume. The baker‟s yeast 

(Angel Yeast Gold Baker‟s) at 0.4% (w/v) concentration was inoculated directly into 

fermenting liquid in round bottom flask fitted with cotton. The alcoholic fermentation 

performed at room temperature (30±2
o
C) for 7 days at static condition. Sampling was 

carried out daily to determine ethanol content, total sugar content, pH and total 

soluble solid. pH meter and refractometer were used for monitoring the pH and total 

soluble solid. Phenol sulfuric acid method were applied to measure total sugar 

(Dubois et al., 1956) and ethanol concentration results were obtained from 

Ebulliometer equipment (Wongsudaluk, 2012) 

Completely randomized design (CRD) was applied in this experiment 

with 3 replications. The collected data were analyzed based on one factor ANOVA 

and presented as mean values with standard deviations. Significant differences within 
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the treatments were analyzed by Duncan‟s multiple range test (DMRT) at a 5% 

probability level (p ≤0.05). 

3.2.3.3 Acetification: Effect of A. aceti TISTR 102 starter powder  

Coconut wine attained approximately 6% ethanol was subsequently 

applied for acidification process at different A. aceti TISTR 102 starter powder 

concentrations. The starter powder contained 1.3x10
7
 CFU/g with 0.480±0.008 water 

activity and 7.17±0.17 % moisture content. The starter powder concentrations of 0.5, 

1.0, 1.5 and 2.0% (w/v) that corresponded to 9.8x10
7
, 1.9x10

8
, 2.9x10

8
 and 3.9x10

8
 

CFU/g of bacterial cell concentration were added directly into 1,500 mL coconut wine 

in 2,000 mL round bottom flask fitted with cotton. The fermentation performed at 

room temperature (30±2
o
C) within 30 days at static condition and sampling was 

monitored every 3 days. The pH was checked by a digital pH meter. Acidity was 

measured by titration with NaOH 0.1N (AOAC, 2000) and expressed in terms of 

acetic acid, while ethanol concentration results were obtained from Ebulliometer. The 

fermentation efficiency (FE) of the optimal treatment was calculated as follow 

   
           

 

 
   

          (
 

 
)         

              

Completely randomized design (CRD) was applied in this experiment 

with 3 replications. The collected data were analyzed based on one factor ANOVA 

and presented as mean values with standard deviations. Significant differences within 

the treatments were analyzed by Duncan‟s multiple range test (DMRT) at a 5% 

probability level (p≤0.05).  

3.2.3.4 Preliminary quality evaluation of coconut vinegar 

Coconut water was fermented into vinegar with baker‟s yeast and A. 

aceti TISTR 102 starter powder. The palm sap vinegar traditionally fermented within 

3 months was bought in the market in Pattani province (Thailand) was used as the 

control sample. The qualities of two vinegars including acidity, residual ethanol, total 

soluble solid and pH were determined. The results were evaluated with 3 replications 

and expressed as mean ± standard deviation.  

Sensory evaluation test for only appearance (i.e. colour and turbidity), 

odor, flavor and overall acceptance was carried out with 9-point hedonic scale with 30 
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panelists. Samples were served in clean transparent glasses (tumblers) which had been 

labeled with 3-digit random numbers. Questionnaires and water for mouth rinsing 

between each tasting were provided. Prior to evaluation, the panelists were asked to 

read through the questionnaires, and the meaning of each attribute (appearance, odor 

and sourness) was explained to the panelists to avoid any misinterpretation. The 

scoring used was 1-dislike extremely; 2-dislike very much; 3-dislike; moderately; 4-

dislike slightly; 5-neither like nor dislike; 6-like slightly; 7-like moderately; 8-like 

very much; 9-like extremely. The sensory evaluation form is attached in Appendix B, 

while the two samples are illustrated in Figure 24 (Appendix C). 

The scores were obtained from 30 panelists for each sensorial 

attribute and expressed as mean ± standard deviation. The t- test was used for 

determining the significant difference between two samples with the significantly 

statistical level 

3.3 Chemicals and Equipment 

3.3.1 Chemicals 

1. Agar (Himedia) 

2. D-glucose (Arjax)  

3. Calcium carbonate (CaCO3, Merck) 

4. Yeast extract powder (Himedia) 

5.  Peptone (Merck) 

6. Crystal phenol (Pancera) 

7. Hydrochloric acid (HCl, Lab Scan) 

8. Potassium hydrogen phthalate (KHC8H4O4) 

9. Phenolphtalein (Carlo ERGA) 

10. Sodium potassium tartrate (NaKC4H4O6, Ajax) 

11. Mono-sodium phosphate (NaH2PO4.2H2O, Ajax) 

12. Di-sodium phosphate (Na2HPO4.2H2O, Ajax) 

13. 3,5-Dinitrosalicylic acid (Aldrich) 

14. Sodium carbonate (NaCO3, Arjax) 

15. Sodium hydroxide (NaOH, Merck) 

16. Sulfuric acid (H2SO4, Lab Scan) 

17. Ammonium sulfate ((NH4)2SO4, Lab Scan) 
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18. Boric acid (H3BO3, Ajax) 

19. 99% Ethanol (C2H5OH, Merck) 

3.3.2 Glassware 

1. Beaker 100 mL, 250 mL, 400 mL, 600 mL and 1,000 mL 

2. Biuret 25 mL (Weteg) 

3. Laboratory bottle 250 mL and 500 mL (Schott) 

4. Cylinder 100 mL, 500 mL and 1,000 mL  

5. Erlenmeyer flask 250 mL, 500 mL and 1,000 mL 

6. Micro pipette 100 µl, 1 ml and 5 mL 

7. Petri disk 

8. Pipette 1mL and 10mL 

9. Round bottom flask 500 mL, 1,000 mL 

10. Spreader and loop 

3.3.3 Equipment 

1. Centrifuge (Hettich Zencrifuhen ROTINA 420R) 

2. Oven (Memmert, 600) 

3. Autoclave (HIRAYAMA) 

4. Refrigerator (SANYO) 

5. Shaker (Chil Tern scienctific , Orbital shaker SS70) 

6. Water activity meter (AQUA LAB 3TE) 

7. pH meter (Schott Instrument, Lab 850) 

8. Incubator (B. Braun Biotech International) 

9. Vortex mixer (Scientific Industries, Vortex Genie 2) 

10. Hand refractometer (Atago N1) 

11. Thermometer (TEL-TRU) 

12. Spectrophotometer (Biochom Libra S22) 

13. Balance (Metler Toledo TG 5002-S) 

14. Ebulliometer (UJARDIN-SALLERON) 

15. Laminar Flow (FM 14-09-01) 

16. Moisture balance (Satorius MA 35) 

17. Kjeldahl Apparatus (Gerhardt)   
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CHAPTER 4 

RESULTS AND DISCUSSION 

4.1 Approximately physiochemical properties of coconut water and banana juice 

The approximate physiochemical properties of coconut and banana juice are 

presented in Table 5. In coconut water, the total soluble solid, pH, total sugar and 

nitrogen were 4.23±0.25, 5.42±0.03, 2.61±0.13 (g/100mL) and 1.20±0.10 (mg/mL), 

respectively that consistent with several previous studies. For examples, total soluble 

solid was 4.0±0.2 
o
Brix and nitrogen content was approximately 10 mg/L (Unagul et 

al., 2007). The pH was 5.36±0.00 and total sugar was 2.03±0.01 (Supakod and 

Wongwicharn, 2012). In the research, the amount of reducing sugar was 1.85±0.08 

g/100mL, occupied more than 50% (w/w) of total available sugar in coconut water. In 

term of microbiology, carbon source such as sugar was essential to form carbon-

containing-substances, for example protein, fats, carbohydrates or lipids. The 

macronutrients, including calcium, magnesium, potassium, sodium and phosphorus 

revealed to the cellular composition and inner enzymatic reactions were available 

with noticeable amounts: 82.30±4.17, 55.80±1.52, 1017.40±23.74, 97.00±0.5 and 

90.00±0.00 (mg/L), respectively. Tan et al (2013) studied on physiochemical changes 

of coconut water in Malaysia within different mature stages and they reported that 

most of minerals contained in overly-mature coconut were remarkably available. For 

examples, calcium, magnesium, potassium and sodium were 23.98±0.054, 

31.65±0.038, 35.11±0.133 and 36.51±0.020 (mg/100mL), respectively. The trace 

elements such as zinc, copper and iron were not mentioned in previous studies, but 

they were available in coconut water with small amounts 0.22±0.04, 0.03±0.004 and 

0.07±0.001 (mg/L). 

For banana juice, a turbid and slightly purple juice was extracted from the 

pulp, which consequently became darker with cloudy precipitate formation after 

sterilization in the autoclave. Generally, most of nutrients determined in extracted 

banana juice were significantly available as compared to coconut water. Indeed, the 

major nutrients such as magnesium, potassium and phosphorus were presented with 

considerably high amounts: 138.90±1.84; 1604.40±21.28 and 330±0.00 (mg/L). But, 

calcium and sodium were present with 16.20±0.35 and 20.10±0.14 (mg/L) that less 
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than amounts contained in coconut water. The trace elements, including zinc, copper 

and iron act as cofactors for essential enzymatic reactions in the cell were noticeably 

available with 1.02±0.06; 0.11±0.01 and 1.52±0.08 (mg/L), respectively. The pH 

value was recorded with 4.44±0.02, while pH 4.25±0.01 was found in enzyme-

extracted banana juice from namwa banana (e.g. Musa sapientum L.) (Supakod and 

Wongwicharn, 2012). The total soluble solid was 14.1±0.10 ºBrix; the total sugar and 

reducing sugar were remarkably 10.70±0.13 and 8.86±0.13 (g/100mL), respectively. 

The nitrogen known as required substance for the synthesis of proteins, amino acids, 

DNA and RNA was available with 2.70±0.3 mg/100 mL and was twice as much as 

the nitrogen in coconut water.  

With the high nutrients, coconut water has been used as substrate or additive 

in biotechnological application (Unagul et al., 2007) or microbial culturing (Supakod 

and Wongwicharn, 2012). Additionally, it could not be denied the nutrients in banana 

juice with the higher quantities, leading to be potentially used in several applications 

as coconut water was (Singh et al., 2005). Besides, banana juice also possibly 

combines to coconut water as economically efficient medium for acetic acid bacteria 

culture (Supakod and Wongwicharn, 2012).  

Table 5 Approximately physiochemical properties of coconut water and banana juice 

Properties & Compositions Coconut water Banana juice 

Total soluble solid (ºBrix) 4.23±0.25 14.1±0.10 

pH 5.42±0.03 4.44±0.02 

Total sugar (% or g/100 mL) 2.61±0.13 10.70±0.13 

Reducing sugar (% or g/100mL) 1.85±0.08 8.86±0.13 

Nitrogen (mg/100 mL) 1.20±0.10 2.70±0.30 

Minerals (mg/L)   

Calcium 82.30±4.17 16.20±0.35 

Magnesium 55.80±1.52 138.90±1.84 

Potassium 1017.40±23.74 1604.40±21.28 

Sodium 97.00±0.50 20.10±0.14 

Phosphorus 90.00±0.00 330.00±0.00 

Iron  0.07±0.001 1.52±0.08 

Zinc 0.22±0.04 1.02±0.06 

Copper 0.03±0.004 0.11±0.01 
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4.2 Optimization of culture conditions for A. aceti TISTR 102  

4.2.1 Effect of different experimental culture substrates 

The comparison among different culture media for their ability to enhance the 

viable cells of A. aceti TISTR 102 was investigated. The experimental media included 

GY as reference, coconut water and coconut water with banana juice supplemented at 

different volumes: 25, 50, 75 and 100% (v/v). Results are shown in Figure 6. 

Generally, A. aceti TISTR 102 grew well in most of the experimental media and 

attained at least 10
7
 CFU/ml from 6 hrs onwards. Obviously, the early stationary 

phase was observed at 18-24 hrs within all treatments. The growth pattern of A. aceti 

TISTR 102 in the coconut water medium was comparable, even markedly better than 

the one in synthetic GY medium at the same 10% (w/v) total sugar content. The 

explanation conceivably was due to the abundance of nutrients and sufficient amount 

of sugar could entirely support the requirement for biomass production (Supakod and 

Wongwicharn, 2012). Approximately 2.61±0.13 g/100mL sugar content in coconut 

water insufficiently supports carbon source for microorganisms, results in sugar 

enhancement for their consumption. Thus, a good growth of A. aceti TISTR 102 in 

coconut water with additional sucrose was clearly observed.  

In Figure 6a, during the first 18 hrs, the viable cells in all experiment media 

were insignificantly different. However, the media with presence of banana juice had 

statistically more cell viability than the coconut water as sole medium, especially 

during stationary phase. The increase in additional volume of banana juice from 25% 

to 100% (v/v) resulted in the enhancement of cell viability, up to more than 8.48 log 

CFU/mL. It might be explained by the presence of norepinephrine that was known as 

neurochemical substance. Norepinephrine was found in banana pulp (Musa x 

paradisiaca) with 325 ng/mL extract that predominantly had enhancement effects on 

the growth of several gram-negative bacterial species (Lyte, 1997). As mentioned by 

Kinney et al. (2000), norepinephrine belongs to catcholamines with the catechol-ring 

structure (i.e. siderophores or iron carriers) that enables to scavenge iron from the 

environment and to make the minerals in bacteria. Norepinephrine interaction was a 

biochemical metabolism that not all bacteria could perform and respond with positive 

effect (Belay, 2003), although gram-negative bacteria could respond better (Belay and 

Sonnenfeld, 2002). Thus, the enhancement effect of norepinephrine on A. aceti TISTR 
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102 growth has been doubt, resulted in nutritional factors in banana juice such as trace 

elements, minerals also might involve in the bacterial growth. The maximum growth 

pattern attained at 50% (v/v) added banana juice with approximately 8.82-9.07 log 

CFU/mL at stationary phase. The externally added banana juice up to 75% and 100% 

(v/v) showed the statistically insignificant growth pattern as compared to the pattern 

at 50% (v/v) added banana juice. Vega et al. (1988) reported that banana juice at 21% 

was the optimal concentration for culturing the lipid-accumulating yeast Apiotrichum 

curvatum ATCC 20509. Besides, they also pointed out the higher concentrations of 

banana juice even caused the adverse effect on the growth without explanation or 

hypothesis. In this experiment, in the treatment 50% (v/v) added banana juice, the 

juice was diluted with 6 folds from the original pulp that approximately similar 

concentration as previous research. In addition, the more banana juice added might 

form more precipitate, leading to prevent the oxygen transfer for bacterial uptake. 

Supakod and Wongwicharn (2012) found that the addition of enzyme-extracted 

banana juice into coconut water with ratio 1:1 (v/v) could enhance the cell viability, 

nearly 1.2 folds. However, this result showed that the same fold increase could be 

attained with banana juice volume reduced to half  (i.e. 1 coconut water : 0.5 banna 

juice) and 0.221 hr
-1

 specific growth rate.  

Different culture media had differently initial reducing sugar content, 

depending on the substrate and the volume of added banana juice (Figure 6b). The 

synthetic GY medium containing glucose as the sole carbon source had the highest 

reducing sugar with 21.56±0.85 g/100mL and sharply declined during the incubation 

time. Because of the high oxidative ability against monosaccharide, most of 

microorganism, including Acetobacter strains could consume glucose more 

effectively. Thus, the high sugar consumption in GY medium was observed the final 

sugar content was recorded with 14.24±0.22 g/100mL. The other media contained 

sucrose that obtained from their nutritional facts and externally supplemented, beside 

glucose. The initial reducing sugar contents were 6.48±0.69, 9.63±0.21, 11.50±0.16, 

13.64±0.20 and 14.62±0.44 g/100mL in coconut water and coconut water with added 

banana juice at different volumes 25, 50, 75 and 100% (v/v), respectively. All these 

media had the similar trend in reducing sugar pattern that slightly decreased during 

the incubation time. De Ley and Schell (1959) asserted that Acetobacter strains could 
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consume sucrose, and bacteria additionally even grew well in the experimental media 

(Figure 6a), might prove for sucrose consumption in this bacterial strain. It was 

possible that this bacterial strain predominantly consummed glucose to grow up, 

similarly in most of microorganisms. Bacteria increased their size and took time to 

metabolize the sucrose into simple sugar. The glucose obtained from sucrose 

metabolism could remain the reducing sugar contents, resulted in slightly changing 

during incubation time. The final reducing sugar contents were correspondingly 

4.90±0.15, 6.60±0.11, 9.23±0.89, 9.60±0.60 and 11.21±0.64 g/100mL. 

Bacteria consumed sugar and increased the population during incubation time, 

acetic acid was consequently produced as the biochemical product to make the pH 

values decrease. In all of the treatments, pH values reduced significantly in the first 24 

hrs and changed insignificantly after that time (Figure 6c). The pH values of the 

synthetic GY medium with glucose as the main carbon source dramatically decreased 

and significantly different from the others, that previously confirmed by the 

consumption sugar pattern. The initial and the final pH values were recorded with 

4.70±0.01 and 3.51±0.01, respectively. Because of acidic properties of banana juice 

with pH 4.44±0.02 (Table 5), the more volume of banana juice was added, the lower 

pH values were obtained. The initial pH values were 4.92±0.02, 4.85±0.02, 

4.84±0.02, 4.82±0.02 and 4.85±0.02 in coconut water, and coconut water with added 

banana juice at different volumes 25, 50, 75 and 100% (v/v), respectively. pH values 

were statistically different among coconut water treatment and coconut water with 25 

and 50% (w/v) added banana juice, but an insignificant difference was observed at 

50% (v/v) added banana juice upwards. The final pH values corresponding were 

recorded with 3.93±0.01, 3.92±0.01, 3.69±0.01, 3.67±0.01 and 3.67±0.01.  

In short, with the highest viable cells obtained during incubation time, coconut 

water standardized to 10% (w/v) sugar by sucrose with 50% added banana juice was 

the optimal treatment for the next experiments. 
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Figure 6 The growth of A. aceti TISTR 102 (a), reducing sugar content (b) and pH 

change (c) in different culture media 
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4.2.2 Effect of ammonium sulfate  

The effects of amonium sufate with different concentrations of 0, 0.1, 0.3 and 

0.5% (w/v) as nitrogen source on the growth of A. aceti TISTR 102, reducing sugar 

content and pH change are presented in Figure 7.  

Ammonia is known as an important source of nutrients for bacteria because it 

contains nitrogen, which is used to make proteins and nucleic acids. Figure 7a pointed 

out that A. aceti TISTR 102 attained the early stationary phase after 18 hrs, did not 

grow remarkably in the presence of ammonium sulfate. There was an insignificant 

difference in cell viability at stationary phase within 0, 0.1 and 0.3% (w/v) 

concentrations: 8.68-8.77, 8.67-8.72 and 8.68-8.77 log CFU/mL. Correspondingly, 

the specific growth rates were 0.204, 0.202 and 0.200 hr
-1

. Ammonium sulfate added 

up to 0.5% (w/v) showed relatively lower growth pattern with 8.62-8.68 log CFU/mL 

of viable cells and exponential growth rate 0.191 hr
-1

. The physicochemical properties 

of coconut water and banana juice (Table 5) could explain for the results. Obviously, 

nitrogen content in coconut water was approximately 1.20±0.1 g/100 mL that was as 

same as the nitrogen content (i.e from 1% (w/v) yeast extract) in synthetic GY 

medium. The nitrogen content was in excess within the presence of banana juice 

(nitrogen 2.70±0.1 g/100 mL ) and further supplemented ammonium sulfate. So far, 

there has not been exactly nitrogen content sufficient for this bacteria, but the nitrogen 

from ammonia salt varied among bacterial species and depended on culture medium. 

Wongsudaluck (2012) showed the effect of ammonium sulfate on growth of A. aceti 

TISTR 102 in palm sap juice medium and pointed out the higher bacterial growth 

patterns were obtained when ammonium sulfate was supplemented; but there was no 

significant difference in viable cells among the experimental concentrations 0.2, 0.4, 

0.6 and 0.8% (w/v). The lower growth pattern obtained at 0.5% (w/v) ammonium 

sulfate concentration might be due to osmolarity of the medium (Müller et al., 2006).  

The reducing sugar content decreased during the incubation time that 

confirmed the results of growth patterns (Figure 7b). Generally, the reducing sugar 

contents in all of the treatments dramatically decreased  during the first 18 hours that 

corresponding to exponential phase of bacteria. During the later time, bacteria at 

stationary phase consumed sugar less than last phase did, resulted in the reducing 

sugar contents decreased slightly. There was an insignificant difference in reducing 
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sugar contents at the first 24 hrs; but at the 36
th

 hr onwards, reducing sugar was 

continuously consumed more in control treatment as compared to those of 

counterparts. Approximately 6.60±0.15, 6.62±0.17; 6.58±0.12 g/100mL were initial 

reducing sugar contents; while 4.69±0.07, 5.20±0.02, 5.51±0.02 g/100 mL were the 

reducing sugar contents after 72 hrs incubation obtained at 0, 0.1 and 0.3% (w/v) 

ammonium sulfate. Additionally, the reducing sugar pattern at 0.5%(w/v) ammoinium 

sulfate treatment was relatively less as compared to the others with 6.63±0.15 and 

5.75±0.07 g/100mL were initial and final reducing sugar contents, respectively. As 

mentioned above, the presence of ammonium sulfate could cause adverse effects due 

to either osmolarity. The synergic effects possibly occurred, especially at the later 

stationary phase with nutrients depletion and inhibitory products formation, which 

cause the decrease in bacterial population and sugar consumption rate. 

The changes of pH values are presented in Fugure 7c. The more ammnium 

sulfate was added, the lower pH was obtained. As the results, the initial pH values 

were statistically different from one another: 4.89±0.01, 4.82±0.02, 4.77±0.02 and 

4.74±0.02 for treatment control, 0.1, 0.3 and 0.5% (w/v) ammonium sulfate, 

respectively. However, these pH patterns changed in relatively similar trend. Indded, 

pH decreased dramatically in the first 24 hours and slightly changed in the later time. 

pH values in control treatment were significantly higher as compared to those of the 

counterparts. But, from the 36
th

 hr onwards, when the sugar was continously 

consumed, pH values decreased more to be lower with the final pH 3.66±0.01. The 

pH values in treatment 0.1% ammonium sulfate decresed and just statistically 

different from the other treatments in the first 24 hours. Whereas, no significant 

difference in pH values was observed between data in treatments 0.3 and 0.5% (w/v) 

ammonium sulfate. The final pH values were recored with 3.75±0.02 and 3.74±0.00 

and 3.75±0.01, correspondingly.  

To sump up, from the obtained results, ammonium sulfate did not enhance the 

bacterial growth. So, the nitrogen source from ammonium sulfate supplementation 

could be reduced or cut out of the optimization process, leading to the cost reduction 

as culturing A. aceti TISTR 102 
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Figure 7 The growth of A. aceti TISTR 102 (a), reducing sugar content (b) and pH 

change (c) of coconut water with 50% (v/v) added banana juice medium at different 

concentrations of ammonium sulfate (w/v) 
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4.2.3 Effect of yeast extract 

Yeast extract has been shown that apart from organic nitrogen source, it is an 

essential source of vitamin, trace elements, etc. The results of cell viability of A. aceti 

TISTR 102, reducing sugar content and pH change with various yeast extract 

concentrations of 0, 0.2, 0.6 and 1.0% (w.v) are presented in Figure 8. 

Obviously, in Figure 8a, yeast extract does not not show enhancement effect 

on the bacterial growth through concentrations of 0, 0.2, 0.6 and 1.0% (w/v). Indeed, 

viable cells without yeast extract attained 8.37-8.50 log CFU/mL in stationary phase 

with the specific growth rate 0.144 hr
-1

. Cell viability 8.36-8.43; 8.28-8.54 and 8.38-

8.48 log CFU/mL were obtained at 0.2, 0.6 and 1.0% (w/v) yeast extract, respectively. 

Correspondingly, 0.150, 0.141 and 0.142 h
-1

 were the recorded specific growth rates. 

In several studies, yeast extract efficiently stimulated cell growth, even increased the 

production yield. For examples, Wongsudaluk (2012) studied effect of yeast extract 

on A. aceti TISTR 102 in palm juice at various concentrations 0.2, 0.4, 0.6 and 0.8% 

(w/v) and 0.4% (w/v) yeast extract concentration produced the highest cell viability. 

However, yeast extract just showed its positive effect on Apiotrichum curvatum 

ATCC 20509 biomass within the banana juice concentrations less than 19%; 

otherwise the enhancement effect was not observed at the higher 19% concentrations 

(Vega et al., 1988). This study was in agreement with the experimental results to 

strongly confirm the sufficiently chemical requirements of banana juice for microbial 

growth enhancement. Thus, in case, yeast extract might be ignored, which is a 

beneficial result involves to economic issues.  

Figure 8b presents the reducing sugar contents via the decreasing trend during 

incubation time. The initial reducing sugar contents were startistically different from 

one another with 7.90±0.07, 8.21±0.07, 8.35±0.07 and 8.45±0.05 g/100mL recorded 

at treatments of 0, 0.2, 0.6 and 1.0% (w/v) yeast extract, respectively. In spite of the 

difference in the initial contents, the reducing sugar patterns relatively tended to have 

similar trends. In most of treatments, the reducing sugar was remarkablly consumed in 

the first 24 hrs for exponential phase and insignificantly consumed in the later time 

for stationary phase. These results possibly confirmed the result of growth pattern 

above that did not have the significant difference in cell viability among these 

treatment. The final reducing sugar contents were recorded with 6.44±0.07, 
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6.58±0.07, 6.79±0.07 and 7.19±0.10 for treatment control, 0.2 0.6 and 1.0% (w/v) 

yeast extract, respectively. 

The changes of pH values are performed in Figure 8c. The more yeast extract 

was added, the higher pH was obtained. Therefore, the initial pH value at control was 

4.84±0.01 that statistically different from the others; while 4.86±0.01, 4.87±0.02 and 

4.88±0.02 were the initial pH values in treatments 0.2, 0.6 and 1.0% (w/v) yeast 

extract, respecitively. Generally, in most of treatments, the pH changes remarkablly 

decreased in the first 24 hrs and insignificantly reduced in the later time. The pH 

values in control treatment were obviously lower than those in counterparts with the 

final pH value 3.82±0.01. For the other treatments, the pH values decreased toward 

similar trend but the higher pH values were recorded. Indeed, the final pH values were 

recored with 3.93±0.02 and 4.01±0.01 and 4.09±0.01 in treatments 0.2, 0.6 and 1.0% 

(w/v) yeast extract, respectively. 

In short, yeast extract contained organic nitrogen source and essential source 

of vitamin, trace elements did not stimulate the bacterial growth within 0.2, 0.6 and 

1.0% (w/v) concentrations. Therefore, yeast extract was possibly ignored in the 

culture medium composed from coconut water and added banana juice for economic 

benefits in micribial culturing  
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Figure 8 The growth of A. aceti TISTR 102 (a), reducing sugar content (b) and pH 

change (c) of coconut water with 50% (v/v) added banana juice medium at different 

concentartions of yeast extract (w/v) 
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4.2.4 Effect of shaking speed 

Acetobacter aceti TISTR 102 cultured in coconut water with 50% (v/v) 

banana juice voulme without any external suplementation was incubated at two 

different shaking speeds 120 and 150 rpm for 72 hrs at 30
o
C. The results are presented 

in Figure 9. Figure 9a points out that the shaking speed had a noticable effect on the 

viable cells: the higher speed was applied, the greater cell viablility was obtained. A 

range from 8.46-8.57 log CFU/mL and 8.56-8.67 log CFU/mL attained in the 

stationary phase at 120 and 150 rpm, respectively. Correspondingly, the specific 

growth rates were 0.167 h
-1

 and 0.177 h
-1

. The effect of shaking speed was reported in 

research of Wongsudaluk (2012). She pointed out that A. acei TISTR 102 cultured in 

palm sap medium attained highest cell viability up to 7.8x10
14

 at 180 rpm , while 

4.1x10
10

 and 2.3x10
13

 were recorded at 100 and 130 rpm, respectively after 4 days. 

Tantratia et al. (2005) found that Acetobacter TISTR 975 (A. xylinum) cultured in 

coconut water at 50 rpm showed the smallest number of cells. At the other higher 

shaking speeds (i.e.100 and 150 rpm), the same higher number of cells was observed. 

This could confirm for dissolved oxygen increasing the growth of the cells and the 

excess oxygen in the medium did not further increase cell production after cell 

number optimization. Acetobacter genus, especially A. aceti TISTR 102 belongs to 

the aerobic microorganisms whose rate of growth and metabolism depend upon the 

amount of dissolved oxygen available. But, oxygen demonstrates the dissolving 

limitation, so a compulsory liquid aeration might be necessary to provide dissolved 

oxygen. According to Tesfeya et al. (2000), shaking broke the large bubbles formed at 

the entrance of air by bacterial clumps or biofilm formation, then oxygen transfered 

from the gas phase to the liquid phase increased. In addition, shaking obviously helps 

the medium to be almost equally distributed and prevents the bacteria sediment in the 

bottle of the flask. Moreover, the presence of turbid suspension from insoluble solid 

substances in banana pulp inhibited the microbial growth was a significant issue. The 

shaking, in this case, possibly prevented the precipitate formation and improved 

oxygen uptake. 

The reduction in reducing sugar contents is presented in Figure 9b. Obviously, 

the reducing sugar contents decreased during the incubation time, and the higher 

consumption rate attained at the higher shaking speed. The difference in reducing 
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sugar content between two treatments was significant in the first 30 hours that 

corresponded to exponential and early stationary phases. In the later time, the 

reducing sugar contents in two treatments were not statistically different. The initial 

reducing sugar contents were 7.57±0.15 and 7.53±0.05, while 6.24±0.07 and 

6.04±0.05 were the final reducing sugar contents in treatments 120 and 150 rpm, 

respectively.  

 The pH changes showed in Figure 9c were in contrast to results of cell 

viability and sugar consumption. The pH values were not statistically different 

between two treatments, which might infer that shaking speed might not enhance the 

acetic acid production yield. Indeed, 4.91±0.01 and 4.92±0.00 were the initial pH 

values without statistical difference; the final pH values were recorded with 3.80±0.01 

and 3.83±0.01 for treatments 120 and 150 rpm, respectively. 
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Figure 9 The growth of A. aceti TISTR 102, reducing sugar content (b) and pH 

change (c) in coconut water with 50% (v/v) added banana juice at different shaking 

speeds  
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4.3 Preparation and storage of A. aceti TISTR 102 starter powder  

4.3.1 Effect of sucrose concentrations on bacterial cells in drying. 

The comparison of protective effects on survival rate and cell viability of A. 

aceti TISTR 102 at different sucrose concentrations in convective-air drying are 

presented in Figure 10 and Figure 11. 

 

 

Figure 10 The survival rate (%) of A. aceti TISTR 102 starter powder at different 

sucrose concentrations before and after drying 

 

 

Figure 11 The cell viability of A. aceti TISTR 102 starter powder at different sucrose 

concentrations before and after drying 
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Generally, sucrose had significantly protective effect on the viable cells of 

Acetobacter aceti TISTR 102 starter powder (p≤0.05). The pellet suspended in 

sucrose solutions could recover with higher survival rates as compared to the one 

suspended in distilled water (control treatment). In Figure 10, the increasing of 

sucrose concentration from 0 to 20% (w/v) increased the recovered cell viability after 

drying, while the higher concentration at 30% (w/v) sucrose did not show 

significantly protective effect anymore. Indeed, a significant difference in survival 

rate was observed among treatments of 0,10 and 20% (w/v) sucrose with 68.24±1.42, 

71.24±2.04 and 79.07±3.35(%), respectively (p≤0.05). The survival rate 

81.50±1.91(%) that was insignificantly different was recorded at 30% (w/v) sucrose. 

Additionally, the initial cell viability of the starter powder decreased when the sucrose 

concentration increased (Figure 11). The initial viable cells in starter powder were 

statistically different from one another with 7.78±0.10, 7.37±0.14, 6.86±0.23 and 

6.46±0.14 log CFU/g at treatment 0, 10, 20 and 30% (w/v) sucrose, respectively. 

However, after drying, the viable were correspondingly 5.24±0.22, 5.25±0.08, 

5.38±0.10 and 5.28±0.05 log CFU/g without any significant difference. In fact, 

sucrose solution possibly induced the osmotic shock for microorganisms when they 

were re-suspended into. At the high sucrose concentrations, the decrease in viable 

cells might occur because of the primary shock responses, resulted in the lower initial 

viable cells were obtained at the higher sucrose concentrations. However, the osmotic 

shock would be considered as pre-adaption process, from which the cells were 

survived, and then further were protected by the accumulation of compatible solutes 

during drying process. Several studies on protective effect of sucrose were reported, 

especially in freeze-drying process. Leslie et al. (1995) reported that without treating 

in sugar solution E. coli and B. thuringiensis survived only 8% and 14%, respectively. 

But, the survival rates after freeze drying increased up to 56% and 44%, respectively 

with the presence of 100nM sucrose solution. Nomura et al. (1998) showed that 

Acetobacter aceti IFO 3284 cells that were lyophilized with 30% (w/v) sucrose could 

remain cell viability higher than 1 log cycle during 7-week storage with only 20% 

aldehyde oxidase (i.e. bacterial enzyme activity) decrease as compared with non-

protected cells. Palmfeldt et al. (2003) found out that the protective effect of sucrose 

concentrations on the antifungal bacterium Pseudomonas chlororaphis during freeze-
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drying process was dependent on sucrose concentrations. They reported that the 

highest survival was obtained with sucrose concentrations in the range 50-130 g/l (i.e. 

corresponding to 146-380 mM). Otherwise, the negative effect was observed at the 

concentration up to 300g/L (i.e. 876 mM). So far, the protective effects of sugars, 

especially sucrose, were performed almost in freeze-drying process, while there has 

been lack of study on its effect in mild-temperature drying. The possibly protective 

hypotheses against to thermal injury were reviewed by Santivarangkna et al. (2008). 

They stated that the phospholipid membrane tended to change from the liquid 

crystalline to gel phase as water removed during drying process. There was a critical 

point at which the lipids were still fluid and molten, but they began changing to gel 

phase and the temperature at this point was called membrane phase transition 

temperature (Tm). The lipids crystallization was dependent on transition temperature: 

the lipids had higher transition temperature tended to crystalize first. The 

crystallization would not occur simultaneously for all classes of lipids because of the 

difference in structure, components, transition temperature, etc, resulted in the phase 

separation and consequent leakage of membrane. The presence of sugar could depress 

the membrane phase transition temperature to circumvent the gel phase transition and 

remain the liquid phase of the cell membrane. The mechanisms were proposed that 

the water molecules around polar head groups were replaced by the macromolecules 

substances (e.g. sugars) to form the high-affinity bond for membrane stabilization. 

Concretely, the hydrogen bonds were formed due to the interaction between hydroxyl 

group of sugars and the phosphate groups at the surface of the bilayer. Additionally, 

for another mechanism, sugars, especially sucrose could interact with protein by 

hydrogen bonds to prevent protein from denaturation in drying (Oldenhof et al., 2005; 

Morgan et al., 2006)  

The moisture content before and after drying are presented in Table 6. There 

was an inverse proportion between sucrose concentration and moisture content of the 

starter powder before druing. Indeed, moisture contents 32.86±0.37, 30.79±0.57, 

29.70±0.35 and 28.59±0.27 (% wb) were recorded at treatments 0, 10, 20 and 30% 

(w/v) sucrose, respectively. The reason was posible due to the relationship in solute 

and solvent: the higher sucrose concentrations intended to contain less unbound water, 

resulted in the lower initial moisture contents for starter powtder and adversely. 
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However, after 12 hours drying, there was no a significant difference in final moisture 

content among sucorse-suspending treatments: 8.85±0.22, 9.18±0.41 and 9.30±0.31 

(% wb) were recorded for treatment 10, 20 and 30% (w/v) sucrose, respectively. The 

significantly lower moisture content at 8.27±0.08 (% wb) for the control treatment 

was possibly due to the more free water in solvent that spontaneously evaporated 

undergo heat effect. 

The results of water activity are also shown in Table 6. Similar trend was 

found in initial water activity with a significant difference in initial water activity.  

The more moisture content was contained, the higher water activity was recorded. 

Indeed, the water activity of starter powder before drying were 0.9465±0.001, 

0.9352±0.002, 0.9264±0.001 and 0.9170±0.002 at treatment control, 10, 20 and 30% 

(w/v) sucrose, respectively. The final water activity coresspondingly were recorded 

with 0.5517±0.019, 0.5626±0.017, 0.5428±0.011 and 0.5451±0.004 without 

significant difference among treatments. 

Table 6 Moisture content and water activity of A. aceti TISTR 102 starter powder 

suspended at different sucrose concentrations before and after drying 

 
Treatments Before drying After drying 

Moisture content Control 32.86±0.37 
d
 8.27±0.08 

b
 

  10% (w/v) sucrose  30.79±0.57 
c
 8.85±0.22 

a
 

  20% (w/v) sucrose 29.70±0.35 
b
 9.18±0.41 

a
 

  30% (w/v) sucrose 28.59±0.27 
a
 9.30±0.31 

a
 

  

 

    

Water activity Control 0.947±0.001 
d
 0.552±0.019 

a
 

  10% (w/v) sucrose  0.935±0.002 
c
 0.563±0.017 

a
 

  20% (w/v) sucrose 0.926±0.001 
b
 0.543±0.011

 a
 

  30% (w/v) sucrose 0.917±0.002 
a
 0.545±0.004 

a
 

Data were represented as mean±SD from 3 replications. Mean values each column 

followed by the different superscript letter were significantly different at p≤0.05 
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4.3.2 Effects of silica gel on shelf life of starter powder during storage 

The results of cell viability, moisture content and water activity of A. aceti 

TISTR 102 starter powder during storage at 4
o
C without (control) and with silica gel 

are presented in Figure 12 and Figure 13, respectively.  

 

Figure 12 Moisture content, cell viability and water activity of A .aceti TISTR 102 

starter powder during storage time without silica gel 

 

 

Figure 13 Moisture content, cell viability and water activity of A. aceti TISTR 102 

starter powder during storage time with silica gel 
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Generally, silica gel had significant effect on the moisture content and cell 

viability of A. aceti TISTR 102 starter powder during storage, while water activity did 

not significantly change. In Figure 12, without silica gel, the starter powder had initial 

viable cells 5.91±0.07 log CFU/g that remained within 30 days. The viable cells 

statistically decreased to 5.76±0.10 log CFU/g after 30 days, and then maintained 

during next 20 days before sharply dropped to 4.95±0.16 log CFU/g at the last day of 

storage period. In contrast, with the presence of silica gel (Figure 13), there was no 

statistical difference in results of cell viability within 50 days storage. The initial 

viable cells and the viable cells of starter powder after 50 days were 5.89±0.05 log 

CFU/g and 5.65±0.05 log CFU/g, respectively. After 50 days, the viable cells 

significantly decreased and dropped to 4.96±0.02 log CFU/g at the last day. 

The increasing in storage time increased the moisture content of starter 

powder. Without silica gel, the moisture content was initially 7.73±0.11 and increased 

remarkably to 8.30±0.37 and 8.94±0.14 (% wb) after 10 and 20 days storage, 

respectively. The moisture content then insignificantly changed within 1 month later 

before significantly increased to 9.49±0.06 (% wb) at the last day of storage period. In 

the other hand, silica gel showed its effect when the initial moisture content of starter 

powder was 7.85±0.32 (% wb) that slowly increased to 8.13±0.31 (% wb) after 20 

days. The moisture content then statistically remained during storage time later.  

The silica gel was packed with the aluminum foil pouch of starter powder in 

PE bag as an adsorbent to maintain the relative humidity or water activity of 

surrounding area. In this research, silica gel efficiently maintained the water activity 

of starter powder when no statistical change in results was observed up to 60 days. 

The water activity was insignificantly increased in storage period with a range from 

0.5710±0.006 to 0.5782±0.003. Otherwise, the starter powder stored without silica gel 

had the slight changes in water activity during 2 month storage.  

So far, there have been not many studies on desiccant‟s activity (e.g. silica gel) 

in storage the starter powder. Dianawati et al. (2013) compared the cell viability of 

freeze-dried and spray-dried microencapsulated Lactobacillus acidophilus and 

Lactococcus lactis ssp. cremoris during storage at room temperature with silica gel 

and other desiccants (e.g. NaOH and LiCl). Although silica gel worked as not well as 

the counterparts did; it still had significant protective effect on cell viability of both 
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spray-dried microencapsulated cultures during 10 week storage compared to the 

control without desiccants. Similar trend for cell viability was observed in this 

research when A. aceti TISTR 102 starter powder could maintain its viable cells 

almost 2 months at 4
o
C in vacuum-aluminum foil sealed pouch with presence of silica 

gel. According to Fu and Chen (2011), the decrease of cell viability involved to free-

movement of molecules (e.g. water, oxygen) and consequent biochemical reactions. 

Obviously, vacuum-sealed aluminum foil pouch (i.e without oxygen), favorable 

storage temperature 4
o
C and silica gel for controlling relative humidity possibly could 

prevent or slow down some detrimental reactions for survival of dried cell.  
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4.4 Preparation of vinegar from coconut water using baker’s yeast and A. aceti 

TISTR 102 starter powder 

4.4.1 Alcoholic fermentation: Effect of baker’s yeast concentration 

Coconut water at 14% (w/v) sugar content was fermented into ethanol with 

different baker‟s yeast concentrations of 0.2, 0.4 and 0.6% (w/v) at 30±2
o
C in 7 days 

at static condition. The result of ethanol production is shown in Figure 14a. Generally, 

the maximal ethanol content attained approximately 9% (v/v) for all of the treatments, 

which means that the baker‟s yeast concentration did not affect the ethanol content. 

However, it was a significant factor on fermentation process performance. The higher 

baker's yeast concentration was inoculated; the produced ethanol contents attained in 

the shorter time, resulted in the higher fermentation rate. Indeed, baker‟s yeast at 

0.2% (w/v) produced ethanol content that linearly increased within 3 days before 

stagnating during later time. Correspondingly, the ethanol contents were recorded 

with 3.64±0.08, 7.76±0.20 and 9.92±0.18 (% v/v). Likewise, the ethanol content 

increased sharply to 6.18±0.22 and 9.81±0.18 (%) within 2 days and statistically 

remained during later when coconut water was fermented at 0.4% (w/v) baker‟s yeast. 

Similar trend was found in with 0.6% (w/v) baker‟s yeast concentration, but the 

significantly higher ethanol contents were 7.57±0.24 and 9.86±0.10 (%), 

correspondingly. 

The increase in ethanol content decreased the total sugar content during the 

fermentation time. The result of total sugar is shown in Figure 14b. Obviously, the 

higher baker‟s yeast concentration was inoculated, the faster total sugar was 

consumed. At 0.6% (w/v) baker‟s yeast, the total sugar content sharply declined to 

2.70±0.15 and 0.07±0.02 (g/100mL) within 2 days that then statistically stagnated. 

Also, a slightly slower decreasing trend was observed at 0.4% (w/v) baker‟s yeast 

with 6.19±0.58 and 0.13±0.01 (g/100mL) total sugar contents were recorded after 2 

fermentation days before being statistically constant in the further time. Otherwise, 

baker‟s yeast at 0.2% (w/v) took almost 3 days to consume sugar completely at 

0.34±0.04 g/100mL.  

The total soluble solid intended to decrease with similar trend in sugar 

consumption profile and the results are presented in Figure 14c. With 0.2% (w/v) 

baker‟s yeast, coconut water initially was at 18.0±0.2
o
Brix total soluble solid that 
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Figure 14 The ethanol content (a), total sugar content (b), total soluble solid (c) and pH change (d) of coconut water fermented with different 

baker‟s yeast concentrations 
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declined sharply to 12.9±0.2, 8.6±0.4 and 6.2±0.1 (
o
Brix) within the first three days 

before being constant during the further time. A linear decrease otherwise was 

observed within only 2 days when coconut water was fermented with 0.4 and 0.6% 

(w/v) baker‟s yeast. Correspondingly, total soluble solid at 10.4±0.3 and 9.2±0.4 

(
o
Brix) were recorded after 1 day and finally attained 6.0±0.1

o
Brix without any 

changes later on. 

Figure 14d shows the pH changes during fermentation time with different 

baker‟s yeast concentrations. There was no significant difference in pH values among 

treatments, exception for the later time when the fermentation almost finished. In 

most of cases, the pH values dropped sharply after 1 day of fermentation, gradually 

decreased and then slightly increased again after the fermentation complete. The final 

pH values were recorded 4.16±0.01, 4.28±0.03 and 4.31±0.02 at 0.2%, 0.4% and 

0.6% (w/v) baker‟s yeast, respectively. 

So far, the potentiality of using baker‟s yeast in alcoholic fermentation has 

been investigated in several studies, in which the yeast concentration was one of the 

significant factors on fermentation process performance. In jackfruit fermentation, the 

increase in baker's yeast concentration from 0.5 to 1.0% (w/v) obviously increased the 

fermentation rate, resulted in shortening the fermentation time within 9 days and 7 

days, respectively (Kumoro et al., 2012). The increase in baker‟s yeast concentration 

from 1.0% (w/v) upwards affected on fermentation performance without any 

significant difference (Akin-Osanaiye, 2008, Kumoro et al., 2012). Moreover, the 

yeast concentrations more than 30.0 g/L or 3.0% (w/v) also could cause the minor 

inhibition in the ethanol yield (Matloob, 2014). The explanation possibly due to the 

high propagation of yeast cells in fermentable substrate and their competition in 

nutrient consumption (Ndip et al., 2001). Concretely, the yeast inoculated into the 

fermenting liquid with proper conditions (e.g. temperature, nutrient, pH, etc) easily 

increased the number of cells during fermentation process. The more yeast cells 

inoculated the higher number of cells produced, resulted in the high competition 

among yeast cells in nutrients consumption. Additionally, other reason was due to the 

high ethanol content in the beginning of fermentation, which usually performed with 

the rapid fermentation rate possibly caused negative effect on further growth of the 

yeast cells, resulted in the decrease in ethanol yield (Kumoro et al., 2012). The 
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experimental results confirmed the previous studies when baker's yeast concentration 

in a range from 0.2 to 0.6% (w/v) had a positive effect on the alcoholic fermentation 

performance, especially fermentation time. The higher baker's yeast concentration 

was inoculated, the more ethanol contents were produced in the shorter time, resulted 

in the higher fermentation rate. The fermentation rate was calculated by the quotient 

between the produced ethanol and the fermentation time required to reach that 

concentration. Therefore, the ethanol production rates were 3.31, 4.91 and 4.93 (% per 

day) when the baker's yeast inoculated at 0.2, 0.4 and 0.6% (w/v), respectively.  

From this experiment, the baker's yeast at 0.4% (w/v) was adequate to produce 

ethanol within proper time as compared to other treatments. Therefore, 0.4% (w/v) 

baker‟s yeast was chosen for the next experiments.  

4.4.2 Alcoholic fermentation: Effect of sugar concentration 

Coconut water at 12, 16 and 20% (w/v) sugar content was fermented with 

0.4% (w/v) baker‟s yeast at 30±2
o
C in 7 days at static condition. The results of 

ethanol production, total sugar content, total soluble solid reduction and pH change 

are presented in Figure 15.  

Figure 15a clearly shows the dependence of produced ethanol contents on 

difference initial sugar contents: there was a proportional relationship between the 

sugar content and the ethanol production. Indeed, the higher substrate concentrations 

may achieve higher ethanol production, but a longer incubation time was required. At 

12% (w/v) sugar content, the thanol content linearly increased to 6.27±0.14% and 

fermentation was completed within 1 day as the ethanol content statistically constant  

during the later time. The coconut water at 16% (w/v) sugar content produced ethanol 

content up to 9.61±0.17% (w/v) within 2 days before stagnating in the further time. 

Otherwise, the increase in ethanol production prolonged within 3 days to attain 

12.37±0.06% ethanol content with coconut water at 20% (w/v) sugar content. The 

fermentaion rates  6.27, 4.80 and 4.12 (% per day) were calculated when coconut 

water at 12, 16 and 20% (w/v) the sugar content fermented, respectively.  

The increase in ethanol content decreased the total sugar content during the 

fermentation time. The result of total sugar pattern is shown in Figure 15b. Obviously, 

the higher sugar content took longer time to be consumed completely by baker‟s 
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Figure 15 The ethanol content (a), total sugar content (b), total soluble solid (c) and pH change (d) of coconut water fermented at different sugar 

contents 
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yeast, and the increase in the initial sugar content also increased the residual sugar 

content. Coconut water contained 12.55±0.71 g/100mL total sugar content that was 

completely consumed within 1 day and remained 0.44±0.00 g/100mL without any 

more consumption thereafter. Otherwise, at 16% (w/v) sugar content, baker‟s yeast 

took longer time to consume almost the sugar and metabolized into ethanol. Indeed, 

the initially total sugar content was 16.11±0.46 g/100 mL that linearly decreased to 

5.11±0.11 and sharply dropped to 0.25±0.01g/100mL within 2 days. At 20% (w/v) 

sugar content, a linear decline from 21.12±0.19 g/100mL total sugar content to 

2.41±0.49 g/100mL was also observed in the first two days. There was a slight 

decrease in the next day to 1.12±0.34 g/100 mL before almost completing 

fermentation at 0.41±0.02 g/100 mL. 

The total soluble solid similarly tended to decrease during fermentation time 

(Figure 15c). Generally, the increase in sugar content from 12, 16 and 20 % (w/v) 

increased the total soluble solid of the fermenting substrate (i.e. coconut water) at 

13.0±0.20, 17.17±0.21 and 21.13±0.12 
o
Brix, respectively. Correspondingly, the final 

total soluble solid values remained constant at 5.10±0.10, 6.37±0.12 and 8.00±0.10 

o
Brix and fixed within 1, 2 and 3 days fermentation. 

The pH value dropped significantly from 5.50±0.02 in the first day and the 

lower pH values were obtained with the increase in substrate concentration from 12, 

16 and 20% (w/v) sugar. The pH values decreased to 4.04±0.01, 4.05±0.01 and 

4.9±0.01 for treatments of 12, 16 and 20% (w/v) sugar before slightly increasing 

again when the fermentation had almost completed (Figure 15d). The final pH values 

were recorded 4.28±0.01, 4.15±0.01 and 4.10±0.01 at treatments of 12, 16 and 20% 

(w/v) sugar, respectively. 

For alcoholic fermentation, substrate concentration (i.e. sugar content) is an 

important factor in fermentation. The experimental results strongly agreed to several 

previous researches: the higher substrate concentration fermented, the higher ethanol 

content within the longer time fermentation completely performed (Asli, 2010, 

Kumoro et al., 2012). In this experiment, the ethanol production rate were calculated 

and recorded 6.27, 4.80 % per day with the initial sugar contents of 12% to 16%; 

respectively. Otherwise, the lower ethanol production rate with 4.12 % per day was 

obtained at 20% sugar content. Besides, at the substrate concentrations up to 25.0 g/L, 
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the ethanol production could be decreased or inhibited (Charoenchai et al., 1998, 

Grahovac et al., 2012). Nagodawithana et al. (1974) reported that the high substrate 

concentration might cause the osmotic shock that affected directly on the rate of 

glycolysis - an important biochemical metabolism to support energy for the survival 

of yeast cells. In addition, when the high ethanol concentrations formed and by-

products accumulated, resulted in the pH change to cause inhibition (Lin et al., 2012).  

In short, from this experiment, the treatment of 12% (w/v) sugar content could 

produce approximately 6% (v/v) ethanol content within proper time. Therefore, 

coconut water at 12% (w/v) sugar content was chosen for the next experiments.  

4.4.3 Acetification: Effect of A. aceti TISTR 102 starter powder 

Fermentation coconut water at 12% (w/v) sugar content with 0.4% (w/v) 

baker‟s yeast performed in 24 hours to obtain approximately 6% (w/v) ethanol 

concentration. Then, the A.aceti TISTR 102 starter powder was consequently 

inoculated into alcoholic substrate at different concentrations of 0.5, 1.0, 1.5 and 2.0% 

(w/v) for acetificcation at 30±2
o
C within 30 days at static condition. The starter 

powder contained 1.26x10
7
 CFU/g with 7.17±0.17 (%) moisture content and 

0.41±0.18 water activity. 

The result of ethanol content is shown in Figure 16a. Generally, after 

inoculating starter powder, the ethanol content remained almost 3 days before sharply 

decreasing in later on. In all of the treatments, the ethanol content intended to decline 

linearly that started from the 6
th

 day onwards until the ethanol was run out. The 

treatment of 0.5% (w/v) starter powder showed the slightly higher consumption rate, 

which could be inferred from the significantly lower residual ethanol content at any 

sampling time. There was no statistical difference in residual ethanol content was 

obsevred among the treatments 1.0, 1.5 and 2.0% (w/v) starter powder. Obviously, the 

ethanol was consumed completely after 18 days with treatment of 0.5% (w/v) starter 

powder, while 0.29±0.05, 0.31±0.18 and 0.37±0.23 (%) was recorded at treatments of 

1.0, 1.5 and 2.0% (w/v) starter powder at the same time.  

The decrease in ethanol content increased the acetic acid content during the 

fermentation time. The result of acidity production is presented in Figure 16b. The 

acetic acid started to be produced after 3 days from inoculating and also increased 

linearly before going to be stationary. Obviously, the treatment of 0.5% (w/v) starter 
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Figure 16 The ethanol content (a), acetic acid content (b) and pH change (c) of 

coconut wine fermented with different A. aceti TISTR 102 starter powder 
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powder produced the statistically higher acetic acid content as compared to those 

obtained from the other treatments at the same time. The acetic acid increased within 

only 18 days and the higher acid content was obtained at the lower strater powder 

concentration. Indeed, acetic acid 6.27±0.02 g/100 mL was recored at 0.5% (w/v) 

starter powder that was significantly different from 6.04±0.14, 5.89±0.27 and 

5.73±0.12 (g/100mL) obtained at 1.0, 1.5 and 2.0% (w/v) starter powder. Acetic acid 

content stagnanted for the further time, even declined at the end of fermentation 

process. 

Figure 16c shows the pH changes in fermention process. In all of the 

treatements, the pH decreased significantly within the first 18 days correspondingly 

when the acetic acid produced. The treatment that produced the higher acetic acid 

obviously had the lower pH values. From the initial pH 4.10 approximately, pH 

values were 3.23±0.00 , 3.26±0.01, 3.31±0.01 and 3.36±0.01 at 0.5, 1.0, 1.5 and 2.0% 

(w/v) starter powder, respectively. There was a slightly increase in pH thereafter but 

the difference was insignificant. 

In the first three days, there was not any significant changes in either 

consumed ethanol or produced acetic acid, which reflected the adaptation (lag phase) 

of the starter after inoculating into the fermenting substrate. This phenomenon also 

represented for disruption of yeast activity by the presence of acetaldehyde that come 

from biological oxidation of Acetobacter (Claro et al., 2007). Additionally, the acetic 

acid produced also decreased the extracellular pH that significantly affected to the 

intracellular pH of yeast and ethanol production also (Valli et al., 2005). The 

exponential phase could be observed when the acetic acid increased significantly via 

linear trend. Obviously, there was equivalent conversion between ethanol and acetic 

acid when every 1% (v/v) ethanol concentration could produce approximate 1% (w/v) 

acetic acid content. The fermentation process obviously completed when ethanol was 

run out and acetic acid content stagnated simultaneously at the 18 day. The decrease 

in acetic acid content in the further time represented for the stationary phase of starter 

and moreover pointed out the overoxidation activity of Acetobacter strains. The 

slightly higher in ethanol consumption and higher acetic acid produced at treatment of 

0.5% (w/v) starter powder was possibly due to the higher oxygen uptake during 

fermentation process. In fact that, to produce starter powder, rice bran played role as 
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the carrier in which the bacteria suspension immobilized on for drying and 

fermentation process. So, for fermentation in static conditions, the starter powder 

inoculated into alcoholic substrate with more concentration had thicker sediment layer 

which could prevent bacteria from oxygen uptake. With 0.5% (w/v) starter powder, 

the acetification rate was 3.48 g/L/d; the fermentation efficiency that calculated by the 

ratio between produced acetic acid (w/v) and consumed ethanol concentration (w/v) 

was 89%. So far, several researches on vinegar fermentation have been investigated. 

For examples, pineapple juice was fermented through 2 stages: alcoholic fermentation 

with isolated yeast S. cerevisae (LAS01) and acetification with Acetobacter sp 

ASV03 to produce vinegar (Sossou et al., 2009). The alcoholic fermentation 

completed within 4 days and acetic acid attained 4.5 %, 5.3 Brix and pH 2.8 from 23 

to 25 days in acetification. Kocher et al. (2006) showed that the fermentation of sugar 

cane juice with S. cerevisae could produce 8% ethanol in 48 hours. The Acetobacter 

aceti NRRL 746 was adsorbed into some fibrous materials (e.g. bagasse, corn cobs 

and wood shavings) and submerged into the ethanol could produce 5.9 to 6.7% acetic 

acid content after 28 days.  

To sum up, 0.5% (w/v) starter powder was adequate to produce acetic acid 

more than 6.0% (w/v) efficiently within approximate 18 days. The results in this 

experiment were considered to be comparable to previous studies with the short 

fermentation time, and relatively high efficiency. Moreover, it cannot be denied the 

quality improvement and advantage in fermenting performance. 

4.4.4 Preliminary quality evaluation of coconut vinegar 

Coconut water was fermented into vinegar with baker‟s yeast and A. aceti 

TISTR 102 starter powder for 20 days. It was a cloudy and slightly-yellow liquid with 

a distinct flavor; contained 5.71±0.26 g/100 mL acetic acid content, 0.3±0.10 (% v/v) 

residual ethanol, 5.4±0.2 ˚Brix and pH 3.11±0.03. The control sample was traditional 

palm sap vinegar that contained 4.5±0.50 g/100mL acidity, 0.50±0.20 (% v/v) 

residual ethanol, 5.7±0.2˚Brix and pH 3.09±0.02. The two samples are shown in 

Figure 17; while the sensory scores of two samples are presented in Figure 18. 

Appearance attribute of palm sap vinegar was rated at 7.10±1.56 that 

significantly preferred to the appearance of coconut vinegar with 5.77±1.54 scores. 

The scores of odor attribute were 6.03±1.90 and 5.19±1.80 for coconut vinegar and 
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palm sap vinegar, respectively. The coconut vinegar had 6.55±1.69 scores for 

sourness, while the sourness of palm sap vinegar attained 6.30±2.13 scores. For 

overall acceptance, the panelists accepted coconut vinegar and palm sap vinegar with 

the scores were rated at 6.48±1.23 and 6.41±1.72, respectively. 

 

 

 

 

Figure 17 Coconut vinegar (left) 

and palm sap vinegar (right) 

 

Figure 18 The sensory scores for coconut 

vinegar and palm sap vinegar 

 

The high standard deviation is unavoidable in sensory evaluation when the 

results were done by intuition/attitude of panelists about the samples. However, the 

lower standard deviation possibly reflects the more reliability on the results. In spite 

of significant differences in scores, the panelist rated slightly higher scores for 

coconut vinegar (exception appearance attribute) with the lower standard deviations 

as compared to the counterpart. The lower score for appearance was probably due to 

the turbidity and lower lightness as fermenting with starter powder and its carrier (rice 

bran). So, coconut vinegar produced by baker‟s yeast and starter powder possibly was 

comparable to traditional palm sap vinegar in sensory qualities. In the future, the 

clarification treatments should be studied to improve the appearance of the final 

product and the other researches on application of coconut vinegar in foods also could 

be carried out for adding values and market expanding. 
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CHAPTER 5 

CONCLUSIONS AND RECOMMENDATIONS 

5.1 Optimization of culture conditions for A. aceti TISTR 102 

Coconut water was an economic and effectively comparable medium to 

culture A. aceti TISTR 102. The presence of banana juice in coconut water could 

enhance the growth of A. aceti TISTR102 and the highest cell viability at stationary 

phase was 8.82–9.02 log CFU/mL with 50% (v/v) added banana juice. Besides, 

ammonium sulfate and yeast extract did not positively influence on the bacterial 

growth, resulted in cost reduction for culture this bacterium. The higher shaking speed 

150 rpm enhanced the cell viability with significantly viable cells as compared to 

those obtained at the lower shaking speed 120 rpm.  

In the future, the shaking speed possibly varied in a wider range to 

supportively investigate the effect of shaking speed. These results also could be 

considered as the primary data for the further/advanced experimental design such as 

response surface methodology for the completely optimization experiments.  

5.2 Preparation and storage of A. aceti TISTR 102 starter powder  

Commercial sucrose performed its protective effects on the cell viability of A.  

aceti TISTR 102 with a comparably economic cost. The increase in sucrose 

concentrations increased the survival rate of bacteria after drying. The sucrose at 20% 

(w/v) could recover 79.07±3.35 (%) viable cells that significantly higher than survival 

rate 68.24±1.42 (%) of non-protected treatment. However, the increase in sucrose 

conentratration could firstly reduce the viable cells in suspension, leading to decrease 

in initial concentration of starter powder. Thus, the initial viable cells should be 

adjusted as much as possible for the resuspension step, resulted in the sufficiently 

initial cell concentration for efficiency fermentation.  

During storage, silica gel effectively performed when it could kep the water 

activity of starter powder in constant and slow down the increase of water content. 

The cell viability, as the rsults, also could remain up to 2 months at refrigerated 

temperature. However, the other study on fermentative ability of the starter powder 

during storage should be carried out to support for the results. 
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5.3 Preparation of vinegar from coconut water using baker’s yeast and A. aceti 

TISTR 102 starter powder 

Coconut vinegar was produced through 2 stages: alcoholic fermentation with 

baker‟s yeast and acetous fermentation with A. aceti TISTR 102 starter powder. The 

baker‟s yeast concentration and the sugar content had significant effects on the 

fermentation performance. Concretely, the increase in baker‟s yeast concentration 

decreased the fermentation time, while increase in sugar content increased the ethanol 

concentration produced and took longer time to complete. However, coconut water at 

12% (w/v) and 0.4% (w/v) baker‟s yeast were adequate to produce approximately 6% 

(w/v) for the later acetification process. For acetification, the starter at 0.5% (w/v) 

sufficiently produced 6.27±0.02 g/100mL acidity after approximately 18 days, 

attaining 89% fermentation efficiency. The coconut vinegar was evaluated and rated 

comparably, even slightly higher than traditional palm sap vinegar for almost 

sensorial attributes. 

 From the results, the lower concentrations of starter powder could be 

investigated to completely figure out the effects of starter powder concentration on the 

fermentation. The sensory evaluation experiment should be continuously performed 

with the panelists who use or apply vinegar in cooking frequently (e.g. housewives, 

chefs) to get the more objective results about the vinegar qualities.  
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Appendix A 

Microbial culture media 

1. Glucose Yeast Extract Broth (GY broth) (Wongsudaluk, 2012) 

Compositions  Glucose  100.0 g 

Yeast extract  10.0 g 

Distilled water  1000 L 

Sterilization was performed by autoclaving at 121°C for 15 minutes 

2. Glucose Yeast Extract Agar (GYC agar) (Wongsudaluk, 2012) 

Compositions  Glucose  100.0 g 

Yeast extract  10.0 g 

Calcium carbonate 10.0 g 

Agar   20.0 g 

Distilled water  1000 mL 

Sterilization was performed by autoclaving at 121°C for 15 min.  

The medium can be stored at 4°C for up to one month or at room temperature 

for up to one week. 

3. Yeast Extract Peptone Dextrose Agar (YEPD agar) (Wongsudaluk, 2012) 

Compositions  Glucose  20.0 g 

Yeast extract  10.0 g 

Peptone  20.0 g 

Agar   20.0 g 

Distilled water  1000 mL 

Sterilization was performed by autoclaving at 121°C for 15 minutes.  

The medium can be stored at 4°C for up to one month or at room temperature 

for up to one week. 
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Appendix B 

Methodology/Reagents/Chemicals 

1. Reducing sugar: 3, 5-dinitrosalicylic acid (DNS) method (Miller, 1959)  

Chemical reagents  3, 5-dinitrosalicylic acid 10.0  g 

   Phenol    2.0  g 

   Sodium sulfite   0.5  g 

   Sodium hydroxide  10.0  g 

   Potassium sodium tartrate 200.0  g 

   Distilled water   1000  mL 

Procedure 

 The sample 1.0 mL was 

mixed with 3.0 mL of 

DNS solution. The 

mixture was boiled for 

5 minutes. 

 The sample was cooled 

down by immersing the 

sample tube into cold 

water immediately. Six 

(6) mL of water is 

added. The mixture was 

mixed well with vortex 

mixer and measured at absorbance 550 nm. 

 Absorbance 550 nm was converted to glucose concentration with standard curve. 

Standard curve  

 Glucose with 0.1 g was diluted into 100 mL volumetric flask as the stock solution 

at concentration 0.1 g in 100 m. The serial dilutions 0.02, 0.03, 0.04, 0.05 and 

0.06 g/100 mL were prepared by taking 2, 3, 4, 5 and 6 mL of stock solution and 

adjusting into 10 mL with distilled water in volumetric flasks.  The blank was 

prepared without glucose solution 

 Following the above procedure, samples were measured at 550 nm with 3 

replications for each dilution 

 Plot the glucose concentrations in the horizontal axis and recorded absorbance in 

vertical axis to establish the standard graph in Figure 19  

y = 6.9379x - 0.0112 

R² = 0.9957 

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0 0.01 0.02 0.03 0.04 0.05 0.06 0.07

A
b

so
rb

a
n

ce
 

g glucose in 100 mL  

Figure 19 The standard curve for 3, 5-DNS method 
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2. Total sugar: Phenol sulfuric acid method (Dubois et al., 1956) 

Chemical reagents  Sufuric acid    98% 

   Phenol    5.0%   

Procedure 

 The sample 0.5 mL was mixed with 0.5 mL of phenol solution.  

 The mixture was mixed with concentrated sulfuric acid 2.5 mL. The samples was 

mixed well with vortex mixer, cooled for 30 minutes and measured at absorbance 

490 nm. 

 Absorbance 490 nm was converted to glucose concentration with standard curve. 

Standard curve  

 Glucose with 0.1 g was diluted into 1000 mL volumetric flask as the stock 

solution at concentration 0.01 g in 100 mL. 

 The serial dilutions 

0.002, 0.003, 0.004, 

0.005 and 0.006 g/100 

mL were prepared by 

taking 2, 3, 4, 5 and 6 

mL of stock solution 

and adjusting into 10 

mL with distilled 

water in volumetric 

flasks.  The blank was 

prepared without 

glucose solution. 

 Following the above 

procedure, samples were measured at 490 nm with 3 replications for each dilution. 

 Plot the glucose concentrations in the horizontal axis and recorded absorbance in 

vertical axis to establish the standard graph in Figure 20  
  

y = 112.47x + 0.0064 

R² = 0.9961 

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0 0.001 0.002 0.003 0.004 0.005 0.006

A
b

so
rb

a
n

ce
 

g glucose in 100 mL 

Figure 20 The standard curve for phenol sulfuric acid  

method 
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3. Ethanol determination using Ebulliometer (Wongsudaluk, 2012) 

Principle  

The boiling temperature of wines depends on their alcoholic content and the 

atmospheric pressure. The boiling temperatures of the water and wine to be 

tested are written and a calculation disk is used to find the alcoholic strength 

with an accuracy of 0.1% volume 

Procedure  

 Empty the boiler and rinse it with samples to be tested. 

 Pour a full measure of sample (using the glass cylinder) into the boiler; fill the 

cooling tank with cold water and place the thermometer.  

 Heat the sample and the mercury will raise and the stop after about 5 minutes. 

Wait about 30 seconds and then read the temperature. 

 Put off the lamp, empty the device and continue with the next samples 

 Do the same above procedure for water to measure the water boiling point, but 

without water in the cooling tank.  

Directions for using the Ebulliometer disk 

 Read the water boiling temperature and bring the circular sliding part round 

until the division is directly opposite the 0 division of the fixed graduations on 

either side. 

 Hold the square plate, after reading the ebullition degree of the samples that 

have been tested, then read the opposite this degree (thermometer) the 

alcoholic degree of the samples in % volume. 
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4. Acidity determination by titration method with 0.1N NaOH (AOAC, 2000) 

Chemical reagents    

Deionized distilled water Distilled water was boiled within 20 minutes 

0.1N Sodium hydroxide  Sodium hydroxide  40.0 g 

    Distilled water   1000  mL 

Phenolphthalein solution Phenolphthalein  1.0 g 

    Ethanol 95%   100 mL 

Standardization   Potassium Hydrogen Phthalate 

Standardization for 0.1N sodium hydroxide solution  

 Potassium hydrogen phthalate was dried in oven at 120
o
C for 2 hours and let 

cool down in desiccator. 

 Weight 0.3 g dried potassium hydrogen phthalate and dissolve with 100 mL 

deionized water. 

 Add 3 drops of  phenolphthalein into the mixture 

 Titrate the mixture with sodium hydroxide until reaching the pinkish end point  

 The normality (N) of sodium hydroxide solution was calculated by equation 

      
                

                
 

Procedure 

 Take 1 mL of sample and mix sample with 5 mL of deionized water 

 Add 3 drops of phenolphthalein into the mixture  

 Titrate the mixture with 0.1N sodium hydroxide until reaching the pinkish end 

point  

 The acidity (g acetic acid in 100 mL) was calculated by equation 

         
                   

          
 

Where   N the normality of sodium hydroxide solution (N) 

  V1 the volume of titrated sodium hydroxide (mL) 

  V2  the volume of sample (mL) 

  60.1 molecular weight of acetic acid 
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5. Sensory evaluation form 

 

SENSORY EVALUATION FORM 

Name: …………………………………………………………………………. 

Date: ……………….………………….Time………………………………... 

 

 

 

 

 

 

 

 

 

Attributes Sample 

………….. 

Sample 

…………… 

Sample 

…………… 

Appearance (color, turbidity) 

(ลกัษณะปรากฏ เช่น สี, ความขุ่น) 

   

Odor 

(กล่ิน/ กล่ินเหมน็ช่ือ)  
   

Sourness/ Acidity 

(เปร้ียว / ความเป็นกรด) 
   

Overall acceptance 

(ความชอบโดยรวม) 

   

 

Remarks 

…………………………………………………………………………………………………

…………………………………………………………………………………………………

…………………………………………………………………………………………………. 

 

        Thank you  

Instructions:  

 Please, taste these samples (vinegars) and use the appropriate scale to show 

your attitude (like/ dislike) by checking at the point that best describe your 

feelings about them.  

 Hedonic rating scale:  

1-dislike extremely  2-dislike very much  3-dislike moderately  

4-dislike slightly  5-neither like nor dislike  6-like slightly 

7-like moderately  8-like very much  9-like extremely  
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6. Moisture content (AOAC, 2000) 

Equipment: Moisture cans, digital balance, desiccator and oven 

Procedure 

 Dry moisture cans in hot air oven at 105
o
C for 3 hours and let them cool down 

in desiccator 

 Weight  the dried empty moisture cans and record as Wc 

 Weight samples into the moisture cans with approximately 2.00±0.01 g and 

record as Wi 

 Dry the moisture cans containing samples in hot air oven at 105
o
C and 

monitor the weight every hour until the weight to be constant (±0.003). Record 

the data as Wf 

 Calculate the moisture content in wet basis by the following equation  

        
     

     
     

 

7. Preparation of phosphate buffer 50 mM 6.5 pH (Wongsudaluk, 2012) 

Solution A: Sodium dihydrogen phosphate dihydrate (NaH2PO4.2H2O) 1M 

Sodium dihydrogen phosphate  156.01  g 

Distilled water     1,000  mL 

Solution B: Di-sodium hydrogen phosphate dihydrate (Na2HPO4.2H2O) 1M 

Di-sodium hydrogen phosphate dehydrate 177.99  g 

Distilled water     1,000  mL 

Mixing 685 mL of solution A and with 315 mL of solution B in 1 L volumetric flask 

to obtain the 1M phosphate buffer stock solution pH 6.5. The stock solution was 

diluted into 50mM before using for cell purification. 
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Appendix C 

Pictures/Illustrations 

 

 

Figure 21 Namwa banana (Musa 

sapientum) with yellow and slightly 

brown spot 

 

 

Figure 22 A. aceti TISTR 102 starter 

powder in vacuum aluminum-sealed 

pouch and packed with silica gel 

 

 

Figure 23 Rice bran before (left) and 

after (right) autoclaving for sterilization 

 

Figure 24 Commercial baker‟s yeast - 

Angel Yeast Gold Baker‟s 
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Appendix D 

Data 

Table 7 The cell viability (log CFU/mL) of A. aceti TISTR 102 in different culture media 

Time (hr) 0 6 12 18 24 30 36 42 48 60 72 

GYE 6.79±0.14 

a, A
 

7.79±0.90
 

a, C
 

8.02±0.90 

a, D
 

8.01±0.90 

a, D
 

7.86±0.90 

a, C
 

7.81±0.89
 

a, C
 

7.80±0.89 

a, C
 

7.72±0.89
 

a, C
 

7.71± 0.89 

a, C
 

7.72±0.89 
 

a, C
 

7.54±0.88 

a, B
 

Coconut water 6.79±0.06 

a, A
 

7.74±0.10 

a, B
 

8.01±0.11
 

a, C
 

8.17±0.06 

a ,b, D
 

8.42±0.04 

b, E
 

8.41±0.02 

b, E
 

8.42±0.04 

b, E
 

8.40±0.03 

b, E
 

8.41±0.04
 

b, E
 

8.37± 0.08 

b, E
 

8.33±0.06
 

b, E
 

Added 25% (v/v) 

banana juice 

6.80±0.06 

a, A
 

7.74±0.13 

a, B
 

8.09±0.19 

a, b, C
 

8.29±0.10
 

a ,b, C, D
 

8.48±0.00 

b, D, E
 

8.61±0.25 

b, C,E,F
 

8.76±0.08 

c, F
 

8.803±0.15 
c, F

 

8.80±0.16 

c, F
 

8.77±0.04 

c, d, F
 

8.84±0.07 

c, F
 

Added 50% (v/v) 

banana juice 

6.80±0.02
 

a, A
 

7.70±0.24
 

a, B
 

8.36±0.25 

b, C
 

8.50±0.29
 

b, C
 

8.82±0.09
 

c, D, E
 

8.88±0.113
 

c, D, E
 

8.90±0.11 

d, D, E
 

9.07±0.11 

d, D, E
 

8.94±0.08
 

c, D, E
 

8.85±0.09
 

d, D, E
 

8.75±0.11
 

c, D
 

Added 75% (v/v) 

banana juice 

6.80±0.02
 

a, A
 

7.74±0.13
 

a, B
 

8.22±0.06 

a, b, C
 

8.30±0.33 

a, b, C
 

8.62±0.11 

d, D
 

8.70±0.16 

c, D
 

8.83±0.04
 

c, d, D
 

8.80±0.10
 

c, D
 

8.80±0.12
 

c, D
 

8.68±0.05 

c, D
 

8.70±0.07 

c, D
 

Added 100% (v/v) 

banana juice 

6.81±0.04
 

a, A
 

7.67±0.06 

a, B
 

8.15±0.13 

a, b, C
 

8.27±0.22 

a, b, C
 

8.65±0.06
 

d, D
 

8.70±0.11
 

c, D 

8.85±0.09 

c, d, D
 

8.77±0.11
 

c, D
 

8.74±0.14 

c, D
 

8.68±0.15
 

c, D
 

8.68±0.19 

c, D
 

Mean values (n=3) in each column and row are followed by different normal and capital superscript letters, resepctively (p≤0.05) 

8
8
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Table 8 The reducing sugar content (g/100mL) in different culture media during incubation time as culturing A. aceti TISTR 102  

Time (hr) 0 6 12 18 24 30 36 42 48 60 72 

GYE 21.58±0.85 

A
 

18.15±0.3 

B
 

18.24±0.4 

B
 

18.46±0.3 

B
 

17.07±0.84
 

C
 

16.70±0.30 

C
 

16.34±0.6 

C
 

15.32±0.7 

D
 

15.14±0.40 

D, E
 

14.55±0.6 

D, E
 

14.24±0.2 

D, E
 

Coconut water 6.48±0.69 
 

A 

6.44±0.13 

A, B
 

6.50±0.2 

A 

5.85±0.52 

B, C
 

5.71±0.06 

C
 

5.94±0.24 

A, B, C
 

5.79±0.20 

C
 

5.68±0.27 

 
C
 

5.37±0.38 

C, D
 

4.80±0.22 

D
 

4.90±0.15
 

D 

Added 25% (v/v) 

banana juice 

9.63±0.21 

A
 

9.32±0.11 

A, B, C
 

9.28±0.4 

A, B
 

8.84±0.23 

A, B, C
 

8.42±0.12 

B, C, D
 

8.41±0.29 

C, D
 

8.39±0.17
 

D, E
 

8.34±0.20 

 
D, E

 

8.33±0.13 

D,E 

7.37±0.29
 

E
 

6.96±0.11 

 E
 

Added 50% (v/v) 

banana juice 

11.50±0.1 

A
 

11.02±0.3 

A, B, C
 

11.18±0.54 

A, B
 

10.94±0.3 

A, B, C
 

10.43±0.38
 

B, C, D
 

10.22±0.62 

C, D
 

10.03±0.0 

D, E
 

9.60±0.56 

D, E
 

9.88±0.42 

E
 

9.21±0.11 

E
 

9.23±0.89 

E
 

Added 75% (v/v) 

banana juice 

13.64±0.2 

A
 

12.35±0.2 

B
 

12.07±0.1 

B
 

11.74±0.7 

B, C
 

11.71±0.12 

B, C, D
 

11.68±0.74 

B, C, D
 

11.52±0.1 

B, C, D, E
 

11.05±0.7 

C, D, E
 

10.73±0.79 

D, E
 

10.60±0.54 

E
 

9.60± 0.60 

F
 

Added 100% 

(v/v) banana 

juice 

14.62±0.44 

A
 

13.46±0.6 

B
 

12.99±0.1 

B
 

13.02±0.6 

B
 

13.00±0.58  

B
 

13.11±0.28 

B
 

12.84±0.3 

B, C
 

11.99±0.5 

C, D
 

11.37±0.48 

D
 

11.22±0.5 

D
 

11.21±0.6 

D
 

Mean values (n=3) in each column and row are followed by different normal and capital superscript letters, resepctively (p≤0.05) 
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Table 9 The pH values of different culture media during incubation time as culturing A. aceti TISTR102 

Time (hr) 0 6 12 18 24 30 36 42 48 60 72 

GYE 4.70±0.02 

a, A
 

4.39±0.02 

a, B
 

4.08±0.0 

a, C
 

3.76±0.0 

a, D
 

3.65±0.01 

a, E 

3.60±0.01 

a, F
 

3.60±0.01 

a, F
 

3.55±0.01 

a, G
 

3.54±0.01
 

a, G, H
 

3.53±0.00 

a, H
 

3.51±0.01 

a, I
 

Coconut 

water 

4.92±0.0 

c, A
 

4.72±0.01 

d, B
 

4.57±0.0 

e, C
 

4.43±0.0 

b, c, D
 

4.39±0.02 

c, d, D, E
 

4.36±0.02
 

d, D, E
 

4.28±0.02 

d, E, F
 

4.22±0.02 

d, F
 

4.15±0.0 

c, F, G
 

4.05±0.04
 

c, G
 

3.93±0.01
 

b, H
 

Added 25% 

(v/v) banana 

juice 

4.85± 0.02 

b, A
 

4.66±0.02 

c, B
 

4.50±0.02 

c, C
 

4.44± 0.01
 

c, D
 

4.41±0.01 

d, E
 

4.37±0.01 

d, F
 

4.33± 0.02 

e, G
 

4.29±0.01 

e, H
 

4.19±0.0 

d, I
 

4.05±0.03 

c, J
 

3.92±0.01 

c, K
 

Added 50% 

(v/v) banana 

juice 

4.84±0.0 

b, A
 

4.61±0.03 

b, B
 

4.43±0.0 

b, C
 

4.39± 0.01 

b, D
 

4.28±0.02 

b, E 

4.19±0.01 

b, F
 

4.05±0.01 

b, G
 

3.94±0.02 

b, H
 

3.87±0.0 

b, I
 

3.76±0.02 

 
b, J

 

3.69±0.01 

a, b, K
 

Added 75% 

(v/v) banana 

juice 

4.82±0.0 

b, A
 

4.59±0.01 

b, B
 

4.48±0.0 

c, C
 

4.43±0.0 

b, c , D
 

4.30±0.03 

b, E
 

4.19±0.02
 

b, F
 

4.07±0.02 

b, c, G
 

3.96±0.00 

b, H
 

3.87±0.0 

b, I
 

3.75± 0.02 

b, J
 

3.67±0.01 

 
a, b, K

 

Added 100% 

(v/v) banana 

juice 

4.85± 0.02 

b, A
 

4.61±0.01 

b, B
 

4.53±0.0 

d, C
 

4.45±0.05 

c, D
 

 4.37±0.03 

c, E
 

4.24±0.03 

c, F
 

4.10±0.03 

c, G 

3.99±0.02
 

c , H
 

3.88±0.0 

b, I
 

3.75±0.02 

 
b, J

 

3.67±0.01 

c, K
 

Mean values (n=3) in each column and row are followed by different normal and capital superscript letters, resepctively (p≤0.05) 
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Table 10 The cell viability (log CFU/mL) of A. aceti TISTR 102, reducing sugar content (g/100mL) and pH values as culturing A. aceti TISTR 102 

in coconut water with 50 % ( v/v) banana juice medium at different concentrations of ammonium sulfate 

Time (hr) 0 6 12 18 24 30 36 42 40 60 72 

 Control 7.09±0.01 
a, A

 

7.63±0.05 
a, B

 

8.24±0.07 
a, C

 

8.68±0.02 
a, D, E

 

8.70±0.07 
a, D, E

 

8.76±0.07 
a, E

 

8.77±0.06 
a, E

 

8.74±0.06 
b, E

 

8.68±0.07 
a, b, D, E

 

8.69±0.07 
b, D, E

 

8.60±0.08 
a, b D

 

Cell viability 0.1% 

(w/v) 

7.09±0.02 
a, A

 

7.69±0.09 
a, b, B

 

8.29±0.05 
a, b, C

 

8.67±0.03 
a, D

 

8.73±0.08 
a, D

 

8.71±0.06 
a, D

 

8.72±0.07 
a, D

 

8.72±0.03 
b, D

 

8.69±0.06
 

a, b, D
 

8.70±0.04 
b, D

 

8.67±0.02 
b, D

 

(log CFU/mL) 0.3% 

(w/v) 

7.07±0.07 
a, A

 

7.72±0.02 
a, b, B

 

8.38±0.08
 

b, C
 

8.68±0.06 
a, D, E

 

8.68±0.11 
a, D, E

 

8.68±0.08 
a, D, E

 

8.77±0.06 
a, E

 

8.74±0.02 
b, D, E

 

8.76±0.02 
b, E

 

8.63±0.01 
b, D

 

8.67±0.08 
b, D, E

 

 0.5% 

(w/v) 

7.09±0.04 
a, A

 

7.78±0.06 
b, B

 

8.28±0.04 
a, b, C

 

8.62±0.08 
a, E

 

8.64±0.02 
a, E

 

8.65±0.01 
a, E

 

8.68±0.05 
a, E

 

8.63±0.02 
a, E

 

8.63±0.03 
a, E

 

8.53±0.08 
a, D

 

8.52±0.05 
a, D

 

 Control 6.60±0.15 
a, A

 

5.87±0.10 
a, B

 

5.72±0.02 
a, B, C

 

5.63±0.00 
a, C

 

5.65±0.02 
a, C

 

5.40±0.07 
a, D

 

5.18±0.05 
a, E

 

4.59±0.10 
a, F

 

4.57±0.02 
a, F

 

4.49±0.05 
a, F

 

4.69 ±0.07 

 
a, F

 

Sugar content 0.1% 

(w/v)  

6.62±0.17 
a, A

 

5.92±0.02 
a, B

 

5.94±0.05 
b, B

 

5.84±0.05 
b, B, C

 

5.80±0.10 
b, B, C

 

5.80±0.10 
b, B, C

 

5.68±0.07 
b, C, D

 

5.58±0.073 
b, D

 

5.56±0.10 
b, D

 

5.37±0.02 
b, E

 

5.20±0.02 
b, E

 

(g/100mL) 0.3% 

(w/v)  

6.58±0.12 
a, A

 

6.29±0.05 
b, B

 

6.04±0.05 
b, C

 

5.91±0.05 
b, D, E

 

5.96±0.02 
c, C, D

 

5.87±0.05 
b, D, E

 

5.80±0.05 
b, E, F

 

5.72±0.07 
b, F, G

 

5.58±0.02 
b, H

 

5.61±0.02 
c, G, H

 

5.51±0.02 
c, H

 

 0.5% 

(w/v)  

6.63±0.15 
a, A

 

6.58±0.07 
c, A, B

 

6.43±0.10 
c, B, C

 

6.29±0.05 
c, C, D

 

6.18±0.05 
d,  D, E

 

6.17±0.02 
c, D, E

 

6.08±0.10 
c, E, F

 

6.03±0.07 
c, E, F

 

6.01±0.10 
c, E, F

 

5.94±0.10 
d, F

 

5.75±0.07 
d, G

 

 Control 4.89±0.01 
c, A

 

4.67±0.02 
c, B

 

4.50±0.05 
b, C

 

4.39±0.01 
c, C, D

 

4.27±0.03 
c, C, D

 

4.12±0.02
 

b, C, D 

3.99±0.01
  

b, D, E, F 

3.89±0.01 
a, D, E, F

 

3.83±0.01 
a, E, F

 

3.73±0.02 
a, E, F

 

3.66±0.01 
a, F

 

pH 0.1%  

(w/v)  

4.82±0.02 
b, A

 

4.63±0.02 
a, b, B

 

4.45±0.01 
b, c, C

 

4.31±0.02 
b, D

 

4.20±0.01 
b, E

 

4.08±0.02 
a, b F

 

3.97±0.01 

b, G 

3.91±0.03 
a, b, H

 

3.88±0.02 
b, I

 

3.78±0.03 
b, J

 

3.75±0.02 
b, J

 

 0.3% 

(w/v)  

4.77±0.02 
a, A

 

4.61±0.01 
a, B

 

4.37±0.03 
a, C

 

4.28±0.03 
a, D

 

4.15±0.02 
a, E

 

4.04±0.04 
a, F

 

3.95±0.02 
b, G

 

3.93±0.02 
a, b, G

 

3.84±0.01  
a, H

 

3.78±0.03 
b, I

 

3.74±0.00 
b, J

 

 0.5% 

(w/v)  

4.74±0.02 
a,  A

 

4.64±0.02 
b, c B

 

4.34±0.02 
a, C

 

4.28±0.01 
a, D

 

4.11±0.03 
a, E

 

4.04±0.05 
a, F

 

3.94±0.01 
a, G

 

3.92±0.01 
a, G

 

3.86±0.02 
a, b, H

 

3.77±0.01 
b, I

 

3.75±0.01 
b, J

 

Mean values (n=3) in each column and row are followed by different normal and capital superscript letters, resepctively (p≤0.05) 
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Table 11 The cell viability (log CFU/mL) of A. aceti TISTR 102, reducing sugar content (g/100mL) and pH values as culturing A. aceti TISTR 102 

in coconut water with 50 % ( v/v) banana juice medium at different concentrations of yeast extract 

Time (hour) 0 6 12 18 24 30 36 42 48 60 72 

 Control 6.86±0.01 
a, A

 

7.61±0.06
 

a, B
 

8.14±0.04 
a, C

 

8.35±0.02 
b, D

 

8.38±0.06 
a, D

 

8.52±0.05 
b, E

 

8.48±0.01 
a, b, E

 

8.50±0.02 
a, E

 

8.46±0.01 
a, E

 

8.37±0.03 
a, D

 

8.30±0.04 
a, D

 

Cell viability 0.2% 

(w/v) 

6.85±0.01 
a, A

 

7.59±0.02 
a, B 

8.11±0.06 
a, C

 

8.14±0.02 
a, C

 

8.36±0.10 
a, E

 

8.40±0.04 
a ,b, E

 

8.41±0.04 
a, E

 

8.43±0.01 
a, E

 

8.42±0.00 
a, E

 

8.39±0.03 
a, b, E

 

8.25±0.03 

 
a, D

 

(log CFU/mL) 0.6% 

(w/v) 

6.86±0.02 
a, A

 

7.55±0.00
 

a, B
 

8.11±0.02 
a, C

 

8.18±0.07 
a, C

 

8.28±0.14 
a, D

 

8.37±0.01 
a, D, E

 

8.41±0.05
 

a, D, E
 

8.54±0.06 
a, E

 

8.45±0.06 
a, E

 

8.43±0.02 
a, b, E, F, G

  

8.42±0.02 
b, D, E

 

 1.0% 

(w/v) 

6.86±0.05 
a, A

 

7.53±0.04
 

a, B
 

8.06±0.04 
a, C

 

8.17±0.04 
a, D

 

8.34±0.02 
a, E

 

8.36±0.05 
a, E, F

 

8.48±0.06 
a, G

 

8.46±0.09 
a, F,G

  

8.45±0.03 
a, E, F, G

 

8.45±0.00 
b, E, F, G

 

8.46±0.03 
b, F, G

 

 Control 7.90±0.07 
a, A

 

7.60±0.05 
a, B

 

7.41±0.07 
a, C

 

7.39±0.06 
a, C, D

 

7.26±0.05 
a, D, E

 

7.12±0.05 
a, E

 

6.96±0.07 
a, F

 

6.84±0.05 
a, F, G

 

6.75± 0.07 
a, G, H

 

6.65±0.07 
a, H

 

6.44±0.07 
a, I

 

Sugar content 0.2% 

(w/v)  

8.21±0.07 
b, A

 

7.69±0.02 
a, B

 

7.59±0.02 
a, B, C

 

7.50±0.05 
a, C, D

 

7.39±0.05 
a, D, E

 

7.31±0.02 
b, E

 

7.31±0.07 
b, E

 

7.34±0.07 
b, E

 

7.07± 0.07 
b, F

 

6.93±0.07 
b, G

 

6.58±0.07 
a, b, H

 

(g/100mL) 0.6% 

(w/v)  

8.35±0.07 
b, c, A

 

7.98±0.10 
b, B

 

7.93±0.07 
b, B, C

 

7.86±0.07 
b, B, C, D

 

7.86±0.12 
b, B, C, D

 

7.78±0.05 
c, C, D, E

 

7.69±0.07 
c, D, E

 

7.62±0.07 
c, E

 

7.29±0.10 
c, F

 

7.07±0.07 
b, G

 

6.79±0.07 
b, c, H

 

 1.0% 

(w/v)  

8.47±0.05 
c, A

 

8.12±0.05 
b, B

 

8.07±0.07 
b, B

 

7.97±0.02 
b, B, C

 

7.97±0.07 
b, B, C

 

7.90±0.07 
c, C

 

7.71±0.10 
c, D

 

7.62±0.07 
c, D

 

7.59± 0.02 
d, D

 

7.31±0.07 
c, E

 

7.19±0.10 
c, E

 

 Control 4.84±0.0 
a, A

 

4.66±0.01 
a, B

 

4.53±0.01 
a, C

 

4.49±0.01 
a, D

 

4.43±0.01 
a, E

 

4.34±0.02 
a, F

 

4.23±0.03 
a, G

 

4.12±0.02 
a, H

 

4.04±0.02 
a, I

 

3.90±0.01 
a, J

 

3.82±0.01 
a, K

 

pH 0.2% 

(w/v)  

4.86±0.01 
b, A

 

4.68±0.01 
b, B

 

4.57±0.01 
b, C

 

4.53±0.01 
b, D

 

4.51±0.01 
b, E

 

4.43±0.01 
b, F

 

4.34±0.01 
b, G

 

4.24±0.01 
b, H

 

4.17±0.01 
b, I

 

4.00±0.01 
b, J

 

3.93±0.01 
b, J

 

 0.6% 

(w/v)  

4.87±0.0 
b, A

 

4.73±0.01 
c, B

 

4.64±0.02 
c, C

 

4.57±0.01 
c, D

 

4.58±0.01 
c, E

 

4.53±0.01 
c, F

 

4.47±0.02 
c, G

 

4.38±0.03 
c, G

 

4.29±0.02 
c, H

 

4.11±0.02 
c, I

 

4.01±0.01 
c, J

 

 1.0% 

(w/v)  

4.88±0.02
 

b, A
 

4.77±0.03 
d, B

 

4.69±0.01 
d, C

 

4.64±0.01 
d, D

 

4.63±0.01 
d, E

 

4.58±0.02 
d, F

 

4.56±0.01 
d, G

 

4.48±0.02 
d, H

 

4.39±0.02 
d, I

 

4.19±0.02 
d, J

 

4.09±0.01 
d, K

 

Mean values (n=3) in each column and row are followed by different normal and capital superscript letters, resepctively (p≤0.05) 
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Table 12 The cell viability (log CFU/mL) of A. aceti TISTR 102, reducing sugar content and pH values as culturing A. aceti TISTR 102 in coconut 

water with 50 % ( v/v) added banana juice medium at different shaking speeds 

Time (hour) 0 6 12 18 24 30 36 42 48 60 72 

Cell viability  120 rpm 6.72±0.04 
a, A

 

7.56±0.03 
a, B

 

7.76±0.18 
a, C

 

8.21±0.13 
a, D

 

8.46±0.05 
a, E

 

8.57±0.02 
a, E

 

8.53±0.03 
a, E

 

8.55±0.07 
a, E

 

8.50±0.08 
a, E

 

8.50±0.05 
a, E

 

8.49±0.04 
a, E

 

(log CFU/mL) 150 rpm 6.73±0.08 
a, A

 

7.61±0.08 
a, B

 

8.06±0.05 
b, C

 

8.45±0.03 
b, D

 

8.56±0.02 
b, E

 

8.69±0.05 
b, E

 

8.67±0.04 
b, E

 

8.67±0.02 
b, E

 

8.66±0.06 
b, E

 

8.59±0.04 
b, E

 

8.59±0.08 
a, E

 

Sugar content  120 rpm 7.57±0.15 
a, A

 

7.34±0.02 
a , B

 

7.27±0.02 
a, B, C

 

7.26±0.10 
b, B, C

 

7.17±0.07 
b, C, D

 

7.07±0.02 
b, D

 

6.84±0.05 
a,  E 

6.74±0.05 
a, E

 

6.70±0.05 
a, E

 

6.48±0.07 
a, F

 

6.24±0.07 
a, G

 

(g/100mL) 150 rpm  7.53±0.05 
a, A

 

4.29±0.10
 

a, B
 

7.15±0.05 
a, C

 

6.94±0.05 
a, D

 

6.79±0.07 
a, E

 

6.62± 0.07 
a, F, G

 

6.63±0.00 
b, F

 

6.58±0.07 
a, F, G

 

6.48±0.07 
a, G

 

6.22±0.05 
a, H

 

6.04±0.05 
a, I

 

pH 120 rpm 4.91±0.01 
a, A

 

4.74±0.00 
b, B

 

4.58± 0.01 
a, C

 

4.53±0.01 
a, D

 

4.50±0.00 
b, E

 

4.42±0.01 
a, F

 

4.26±0.01 
a, G

 

4.13±0.01
 

a, H
 

4.0±0.01 
a, I

 

3.88±0.01 
a, J

 

3.80±0.01 
a, K

 

 150 rpm  4.92±0.00 
a, A

 

4.73±0.01 
a, B

 

4.56± 0.01 
a, C

 

4.52± 0.01 
a, D

 

4.49±0.01 
a, E

 

4.39±0.01 
a, F

 

4.25±0.01 
a, G

 

4.13±0.01 
a, H

 

4.05±0.01 
a, I

 

3.91±0.01 
b, J

 

8.59±0.01 
b, K

 

Mean values (n=3) in each column and row are followed by different normal and capital superscript letters, resepctively (p≤0.05) 
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Table 13 The moisture content (%), water activity (aw) and cell viability of A. aceti TISTR 102 starter powder (log CFU/g) before and after drying 

as suspending into different sucrose concentrations 

  Treatments Before drying After drying 

Moisture content (%) Control 32.86±0.37 
d
 8.27±0.08 

b
 

  10% (w/v) sucrose 30.79±0.57 
c
 8.85±0.22 

a
 

  20% (w/v) sucrose 29.70±0.35 
b
 9.18±0.41 

a
 

  30% (w/v) sucrose 28.59±0.27 
a
 9.30±0.31 

a
 

Water activity Control 0.947±0.001 
d
 0.552±0.019 

a
 

  10% (w/v) sucrose 0.935±0.002 
c
 0.563±0.017 

a
 

  20% (w/v) sucrose 0.926±0.001 
b
 0.543±0.011

 a
 

  30% (w/v) sucrose 0.917±0.002 
a
 0.545±0.004 

a
 

Cell viability (log CFU/g) Control 7.78±0.10 
d
 5.23±0.22 

a
 

 10% (w/v) sucrose 7.34±0.14 
c
 5.25±0.08

 a
 

 20% (w/v) sucrose 6.86±0.23 
b
 5.38±0.10 

a
 

 30% (w/v) sucrose 6.46±0.14 
a
 5.28±0.05 

a
 

Table 14 The moisture content (%), water activity (aw) and cell viability of A. aceti TISTR 102 starter powder (log CFU/g) during storage time 

with and without silica gel 

Storage days 0 10 20 30 40 50 60 

Moisture content With silica gel 7.85±0.32 
A
 8.13±0.31 

A
 8.66±0.10 

B
 8.82±0.15 

B
 8.88±0.29 

B
 8.95±0.04 

B
 9.07± 0.12 

B
 

(%) Without silica gel 7.73± 0.11 
A
 8.30±0.37 

B
 8.94±0.14 

C
 9.05±0.07 

C
 9.16±0.04 

C
 9.02±0.29 

C
 9.49±0.06 

D
 

Water activity 
With silica gel 

0.571±0.006 
A
 0.570±0.003 

A
 0.570±0.013 

A
 0.568±0.006 

A
 0.579±0.005 

A
 0.575±0.003

 A
 0.571±0.005 

A
 

(aw) 
Without silica gel 

0.609±0.007 
A
 0.600±0.008 

A,B
 0.593±0.005 

B
 0.592±0.003 

B
 0.600±0.003 

A, B
 0.597±0.002 

B
 0.599±0.001 

B
 

Cell viability 
With silica gel 

5.89±0.05 
A
 5.89±0.30 

A
 5.89±0.19 

A
 5.74±0.15 

A
 5.70±0.15 

A
 5.65±0.05 

A
 4.96±0.02 

B
  

(log CFU /g) 
Without silica gel 

5.91± 0.08 
A
 5.90±0.06 

A
 5.85±0.19 

A
 5.76±0.10 

A,B
 5.61±0.07

 B
 5.58±0.08 

B
 4.95±0.16 

C
 

Mean values (n=3) in each column and row are followed by different normal and capital superscript letters, resepctively (p≤0.05) 9
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Table 15 The ethanol content (% v/v), sugar content (g/100mL), total soluble solid (
o
Brix) and pH values as fermenting coconut water with 

different baker‟s yeast concentrations 

Time (Day) 0 1 2 3 4 5 6 7 

Ethanol 0.2% baker‟s yeast 0.00±0.00 
a, A

 3.64±0.08 
a, B

 7.76±0.20 
a, C

 9.92±0.18 
a, D

 9.82±0.26 
a, D

 9.88±0.37 
a, D

 9.70±0.25 
a, D

 9.76±0.34 
a, D

 

content 0.4% baker‟s yeast 0.00±0.00 
a, A

 6.18±0.22 
b, B

 9.81±0.18 
b, C

 9.92±0.18 
a, C

 9.82±0.26 
a, C

 9.82±0.26 
a, C

 9.82±0.26 
a, C

 9.8 ±0.35 
a, C

 

 0.2% baker‟s yeast  0.00±0.00 
a, A

 7.57±0.24 
c, B

 9.86±0.10 
b, C

 9.86±0.10 
a, C

 9.81±0.18 
a, C

 9.81±0.
10 a, C

 9.70±0.09 
a, C

 9.76±0.16 
a, C

 

Sugar 0.2% baker‟s yeast  14.25±0.68 
a, A

 7.78±0.23 
c, B

 1.98±0.21 
b, C

 0.34±0.04 
b, D

 0.19±0.02 
b, D

 0.09±0.02 
c, D

 0.08±0.00 
a, D

 0.06±0.01 
a, D

 

content 0.4% baker‟s yeast 14.25±0.68 
a, A

 6.19±0.58 
b, B

 0.13±0.01 
a, C

 0.05±0.01 
a, C

 0.05±0.01 
a, C

 0.06±0.01 
b, C

 0.05±0.02 
a, C

 0.04±0.01 
a, C

 

 0.6% baker „s yeast 14.25±0.68 
a, A

 2.70±0.15 
a, B

 0.07±0.02 
a, C

 0.06±0.00 
a, C

 0.05±0.02 
a, C

 0.03±0.05 
a, C

 0.04±0.00 
a, C

 0.04±0.00 
a, C

 

Total 0.2% baker‟s yeast  18.0±0.2 
a, A

 12.9±0.2 
c, B

 8.6±0.4 
b, C

 6.1±0.2 
a, D

 6.2±0.3 
a, D

 6.3±0.2 
a, D

 6.1±0.3 
a, D

 6.1±0.2 
a, D

 

soluble  0.4% baker‟s  yeast 18.0±0.2 
a, A

 10.4±0.3 
b, B

 6.1±0.2 
a, C

 6.1±0.1 
a, C

 6.3±0.2 
a, C

 6.4±0.2 
a, C

 6.2±0.2
 a, C

 6.2±0.2 
a, C

 

Solid  0.6% baker‟s  yeast 18.0±0.2 
a, A

 9.2±0.4 
a, B

 6.0±0.1 
a, D

 6.2±0.1 
a, C, D

 6.3±0.2 
a, C, D

 6.4±0.2 
a, C, D

 6.4±0.1 
a, C

 6.3±0.2 
a, C, D

 

 0.2% baker‟s yeast  5.50±0.02 
a, A

 4.32±0.01 
b, B

 4.09±0.01 
a, E

 4.05±0.01 
a, F

 4.08±0.00 
a, E

 4.13±0.01 
a, D

 4.15±0.01 
a, C

 4.16±0.01 
a, C

 

pH 0.4% baker‟s yeast 5.50±0.02 
a, A

 4.20±0.02 
a, C

 4.14±0.03 
b, D

 4.16±0.02 
b, D

 4.20±0.02 
b, C

 4.25±0.02 
b, B

 4.25±0.02 
b, B

 4.28±0.03 
b, B

 

 0.6% baker‟s yeast 5.50±0.02 
a, A

 4.19±0.02 
a, E

 4.17±0.01 
b, F

 4.20±0.01 
c, E

 4.24±0.01 
c, D

  4.28±0.01 
c, C

 4.29±0.01 
c, B, 

C
 

4.31±0.02 
b, B

 

Mean values (n=3) in each column and row are followed by different normal and capital superscript letters, resepctively (p≤0.05) 
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Table 16 The ethanol content (% v/v), sugar content (g/100mL), total soluble solid (
o
Brix) and pH values as fermenting coconut water at different 

sugar contents 

Time (Day) 0 1 2 3 4 5 6 7 

Ethanol 12% (w/v) sugar 0.00±0.00  
A
 6.27±0.14 

a, B
 6.38±0.11 

a, B, C
 6.49±0.00 

a, C
 6.51±0.09 

a, C
 6.41±0.14 

a, B, 

C
 

6.43±0.12 
a, B, C

 6.41±0.08 
a, B, C

 

content 16% (w/v) sugar 0.00±0.00  
A
 6.70±0.00 

b, B
 9.61±0.17 

b, C
 9.69±0.04  

b, C
 9.70±0.09  

b, C
 9.65 ± 0.09 

b, C
 9.65 ± 0.09 

b, C
 9.58 ± 0.08 

b, C
 

 20% (w/v) sugar 0.00±0.00
  A

 7.40±0.09 
c, B

 10.78±0.05 
c, C

 12.37±0.06 
c, D

 12.73±0.06 
c, E

 13.03±0.12 
c, F

 12.87±0.06 
c, E, F

 12.90±0.10 
c, E, F

 

Sugar 12% (w/v) sugar 12.55±0.71
a, A

 0.44±0.00 
a, B

 0.23±0.01 
a,  B

 0.17±0.01 
a, B

 0.19±0.07 
a, B

 0.17±0.03 
a, B

 0.16±0.02 
a, B

 0.22±0.03 
a, B

 

content 16% (w/v) sugar 16.11±0.46
b,A

 5.11±0.11 
b, B

 0.25±0.01 
a, C

 0.20±0.01 
a, C

 0.20±0.01 
a, C

 0.20±0.05 
a, b, C

 0.19±0.01 
b, C

 0.23±0.03 
a, C

 

 20% (w/v) sugar 21.12±0.19
c, A

 13.85±0.69
c, B

 2.41±0.49 
b, C

 1.12 ±0.34 
b, D

 0.41±0.02 
b, D, E

 0.30±0.01 
b, E

 0.27±0.01 
c, E

 0.35±0.03 
b, D, E

 

Total 12% (w/v) sugar 13.0±0.20 
a, A

 5.07±0.06 
a, B

 5.07±0.12 
a, B

 5.10±0.10 
a, B

 5.10±0.10 
a, B

 5.08±0.10 
a, B

 5.03±0.06 
a, B

 5.00±0.10 
a, B

 

soluble  16% (w/v) sugar 17.17±0.21
b,A

 9.60±0.10 
b, B

 6.37±0.12 
b, C

 6.43±0.06 
b, C

 6.43±0.06 
b, C

 6.43±0.06 
b, C

 6.33±0.15 
b, C

 6.33±0.12 
b, C

 

Solid  20% (w/v) sugar 21.13±0.12
c, A

 15.10±0.17
c, B

 10.30±0.10 
c, C

 8.43±0.06 
c, D

 8.00±0.10 
c, E

 8.00±0.00 
c, E

 7.92±0.10 
c, E

 8.00±0.10 
c, E

 

 12% (w/v) sugar 5.50±0.01 
a, A

 4.18±0.01 
b, E

 4.12±0.01
c, F

 4.13±0.01 
c, F

 4.16±0.01 
c, E

  4.22±0.03 
b, D

 4.24±0.01 
c, C

 4.28±0.01 
c, B

 

pH 16% (w/v) sugar 5.50±0.02 
a, A

 4.04±0.01 
a, E

 3.99±0.01
b, G

 4.02±0.01 
b, F

 4.07±0.02 
b, D

 4.08±0.01  
a, D

 4.12±0.01 
b, C

 4.15±0.01 
b, B

 

 20% (w/v) sugar 5.50±0.02 
a, A

 4.05±0.01 
a, D

 3.96±0.01
a, F

 3.93±0.01
 a, G

 4.00±0.01 
a, E

 4.05±0.01
 a, D

 4.08±0.01 
a, C

 4.10±0.01 
a, B

 

Mean values (n=3) in each column and row are followed by different normal and capital superscript letters, resepctively (p≤0.05) 
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Table 17 The ethanol, acidity and pH changes during fermentation time with different A. aceti TISTR 102 starter powder concentrations 

 Time 0 3 6 9 12 15 18 21 24 27 30 

 0.5%  6.53± 0.00 
a, A

 

6.70±0.25 
a, A

 

5.76±0.09 
a, B

 

4.51±0.28 
a, C

 

3.00±0.07 
a, D

 

0.99±0.13 
a, E

 

0.00±0.00 
a, F

 

0.00±0.00 
F
 

0.00±0.00 
F
 

0.00±0.00 
F
 

0.00±0.00  
F
 

Ethanol  1.0%  6.85±0.14 
a, A

 

6.78±0.04 
a, A

 

6.04±0.09 
b, B

 

5.17±0.05 
b, C

 

3.81±0.03 
b, D

 

1.99±0.23 
b, E

 

0.29±0.05 
a, F

 

0.00±0.00 
G
 

0.00±0.00 
G
 

0.00±0.00 
G
 

0.00±0.00 
G
 

(% v/v) 1.5%  6.67±0.19 
a, A

 

6.72±0.26 
a, A

 

5.90±0.11 
a, b, B

 

5.07±0.09 
b, C

 

3.67±0.45 
b, D

 

1.88±0.40 
b, E

 

0.31±0.18 
a, F

 

0.00±0.00 
F
 

0.00±0.00 
F
 

0.00±0.00 
F
 

0.00±0.00
  

F
 

 2.0%  6.78±0.25 
a, A

 

6.69±0.40 
a, A

 

6.04±0.09 
b, B

 

5.25±0.23 
b, C

 

4.31±0.11 
b, D

 

2.04±0.62 
b, E

 

0.37±0.23 
a, F

 

0.00±0.00 
F
 

0.00±0.00 
F
 

0.00±0.00 
F
 

0.00±0.00 
 

F
 

 0.5%  0.24±0.00 
a, A

 

0.24±0.02 
a, A 

0.87±0.05 
a, B

 

1.94±0.05 
b, C

 

3.25±0.07 
c, D

 

4.87±0.14 
a, E

 

6.27±0.02 
b, H

 

6.16±0.00 
a, H

 

6.01±0.21 
a, G, H

 

5.85±0.24 
a, F, G

 

5.69±0.11 
a, F

 

Acidity 1.0%  0.24±0.00 
a, A

 

0.26±0.00 
a, A

 

0.90±0.01 
a, B

 

1.85±0.05 
a, b, C

 

3.02±0.06 
b, D

 

4.65±0.04 
a, E

 

6.04±0.14 
a, b, F

 

6.43±0.02 
a, F

 

6.27±0.08 
a, F

 

5.95±0.23 
a, F

 

4.82±0.66 
a, E

 

(g/100mL) 1.5%  0.24±0.00 
a, A

 

0.26±0.01 
a, A

 

0.77±0.25 
a, A

 

1.83±0.02 
a, b,  B

 

2.91±0.08 
a, b, C

 

4.52±0.27 
a, D

 

5.89±0.27 
a, b, F, G

 

6.32±0.31 
a, G

 

6.16±0.33 
a, G

 

5.49±0.39 
a, E, F

 

4.97±0.49 
a, D, E

 

 2.0%  0.24±0.00 
a, A

 

0.27±0.01 
a, A

 

0.80±0.00 
a, A

 

1.72±0.08 
b, D, B

 

2.77±0.02 
a, D, C

 

4.38±0.23 
a, D

 

5.73±0.12 
a, F

 

6.23±0.23 
a, F

 

6.21±0.41 
a, F

 

5.74±0.27 
a, F

 

5.06±0.66 
a, D

 

 0.5% 4.15±0.01
a,B

 

4.34±0.12
a,

A
 

3.96±0.03 
a, C

 

3.59±0.01 
a, D

 

3.43±0.002 
a, E

 

3.23±0.00 
a, F

 

3.03±0.01 
a, G

 

3.21±0.00 
a, F

 

3.20±0.06 
a, F

 3.22±0.05 
a, F

 

3.17±0.01 
a, F

 

pH 1.0% 4.10±0.04
a,B

 

4.31±0.01
a,

A
 

3.96±0.04 
a, C

 

3.65±0.05 
a, b, D

 

3.51±0.01 
a, b, E

 

3.26±0.01 
b, F

 

3.04± 0.00 
a, b, G

 

3.21±0.01 
a, F

 

3.22±0.01 
a, F

 

3.21±0.01 
a, F

 

3.23±0.04 
a, F

 

 1.5% 4.10±0.05
a,B

 

4.33±0.01 
a, b, A

 

3.99±0.04 
a, C

 

3.64±0.01 
a, D

 

3.52±0.04 
b, E

 

3.31±0.01 
c, F

 

3.07±0.02 
b, B, H

 

3.22±0.01 
a, G

 

3.25±0.01 
a, F, G

 

3.27±0.03 
a, F, G

 

3.26±0.04 
a, F, G

 

 2.0% 4.10±0.01
a,B 

4.50±0.05
b, 

A
 

4.11±0.01
b, 

B
 

3.71±0.04
b,C

 

3.61±0.04
c,

D
  

3.36±0.01
d,E

 3.14±0.01
c,

H
 

3.30±0.01
b, E, F

 

3.25±0.00 
a, F. G

 

3.26±0.00
 

a, F, G
 

3.22±0.02 
a, G

 

Mean values (n=3) in each column and row are followed by different normal and capital superscript letters, resepctively (p≤0.05)
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