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Abstract- The aim of the research was to investigate the optimal condition for malt vinegar production from Thai rice 
cultivars (Oryza sativa L.), black waxy rice (Kam) and black non-waxy rice (Homnin). The production of rice malt vinegar 
consisted of 3 stages. Firstly, study of the starch conversion to sugar by mashing process using the modified procedure of 
wort preparing for beer production. Then, study of the sugar conversion to alcohol in 4 days that showed alcohol content of 
6.98% and 6.42%, respectively. Finally, study of the alcohol conversion to acetic acid for 30 days that showed amount of 
acetic acid content of 4.5% and 4%, respectively. The bio-functional compounds’ contents Kam and Homnin rice malt 
vinegar were analysed and compared to commercial malt vinegar (5.12% acetic acid). The results showed that Kam malt 
vinegar had the highest content of phenolic (105.14mg GAE/100ml) and antioxidant activity (62.99%), whereas Homnin and 
commercial malt were at the same level. The GABA contents in Kam, Homnin and commercial malt vinegar were 9.04, 8.61 
and 12.05 (mg/100ml), respectively. The free amino nitrogen (FAN) contents were157.81, 142.31 and 125.87 mg/L, 
respectively. However, the vitamin B1 content in the 3 finished products was mostly the same (average 20.39 mg/100ml). 
Moreover, the flavonoid content in Kam malt vinegar was higher than Homnin and commercial malt. Therefore, Kam rice 
malt has high potential for use as raw material for malt vinegar production. 
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I. INTRODUCTION 
 
Malt vinegar is vinegar produced, without 
intermediate distillation, by process of double 
fermentation; alcoholic and acetous from malted 
barley, with or without the addition of cereal grain, 
the starch of which has been converted to sugars by 
the natural enzymes of malted barley. Barley provides 
sugars (maltose and glucose) for alcoholic 
fermentation by yeasts and the nitrogen source 
(amino acids) necessary to support yeast and acetic 
acid bacterial growth. In raw barley, substances are 
present as starch and proteins, both not directly 
metabolized by yeasts. Some initial processing steps 
are necessary to permit the subsequent fermentation 
and acetification [1]. Mashing is the most important 
process in wort production. During mashing, the grist 
and water are mixed together and the contents of the 
malt are brought into solution. The resulting extract, 
obtained by the action of enzymes, is then allowed to 
act at optimum temperature. Only soluble substances 
can pass into wort. The aim of mashing is to form as 
much extract and as good an extract as possible 
[2].Temperature and time profiles of mashing are 
important parameters in the brewing process as they 
affect the enzyme activity,the enzymes alpha and beta 
amylase, protease and beta glucanases convert the 
starch to fermentable sugars is called sweet wort. 
Therefore the proportions of the various sugars and 
amino acids in the wort were found increasing [1], 
[3], [4]. 
Rice malt is a product of rice (Oryza sativa L. Indica) 
germinated under control conditions. The germinated 
rice is highly nutritious and possesses many bio-
functional compounds and some of these possess 
antioxidants, such as phenolic compounds, dietary 

fiber, tocopherols, γ-oryzanol, thiamine, pyridoxine 
and γ -aminobutyric acid (GABA) [5], [6], [7]. 
Moreover, it has also been shown to decrease some 
antinutrients, such as phytic acid [8].Recently, 
Reference [9]reported that two black rice cultivars, 
black non-waxy rice and black waxy rice malts had 
the extract yield, and α -amylase and β-amylase 
activities of both rice malts were lower than barley 
malt, but suggest that rice malt has potential for use 
in brewing [9]. Thus, the use of rice malt as a major 
raw material for producing rice malt vinegar in 
Thailand is still a new challenge. 
This study aims to study the optimal condition for 
malt vinegar production from two Thai rice cultivars 
(Oryza sativa L.), black waxy rice (Kam) and black 
non-waxy rice (Homnin). The temperature 
programmed, which focused on reducing sugar 
production, on wort composition and final rice malt 
vinegar quality, its concentration of health-benefit 
compounds. Therefore, rice malt vinegar could be a 
healthy alternative product for consumers. 
Furthermore, both rice malt vinegar and commercial 
malt vinegar were compared. 
 
II. MATERIAL AND METHODS 
 
A. Raw material 
Two-Thai rice malt cultivars made from sprouted 
paddy rice(Oryza sativa L.); black waxy rice (Kam) 
and black non-waxy rice (Homnin). Homnin was 
purchased from the Agricultural Technology Transfer 
and Service Center (Suanprikthai) in Pathumthani 
Province, Thailand. KamLuemPua was purchased 
from the local farming at Kheknoi Village,Khaokor 
District, Phetchabun Province, Thailand. Commercial 
malt vinegar (Heinz) was purchased from 
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supermarket for using as product comparison. The 
yeast strain Saccharomyces cerevisiae TISTR 5019 
(30 May 2012) and the acetic bacteria strain 
Acetobacter pasteurianus TISTR 102 (15 Oct. 2013) 
obtained from Thailand Institute of Scientific and 
Technological Research. 
 
B. Malt preparation 
Cleaned two-Thai rice cultivars of paddy rice were 
steeped in tap water at room temperature (30℃) and 
the water was changed every 12 hours and air rest for 
1 hour until the moisture content was constant. The 
germination took place in a germinating incubator for 
72 hours, at 30℃  and 95% relative humidity. The 
germinated seeds were kilned at 70℃ for 9 hours and 
removed acrospire and rootlet, by following the 
method of [10]. 
 
C. Grist preparation 
Rice malt was milled by pin mill to give fine particle 
sizes of 250-micron grist. The grist was mashed with 
distilled water at grist water ratio 1:4 by weight and 
operated with wort temperature-programmed. 
 
D. Wort preparation 
 The temperature-programmed of wort for 
mashing of rice malt was produced by mashing 
process using the modified procedure of wort 
preparation for beer production.Rice malt grits 1000 g 
were mixed with distilled water 4 L for 30 min at 
45C. The mash temperature was increased to 62C 
and held at 62C for 30 min. Then the temperature 
was increased to 75 for 30 minutes. Finally, the 
temperature was decreased to 60C and then an 
additional 4 ml of commercial enzyme 
(glucoamylase) at 60C was added and held at 60C 
for 30 minutes.The spent grain is then removed from 
the wort. 
 
E. Alcoholic Fermentation 
Evaporation at 80C for concentration of the total 
sugar content of wort to 17°brix.Wort was pitched 
with 10% starter (S. cerevisiae TISTR 5019). The 
fermentation batch was used 5 L of Erlenmeyer flask 
with an airlock and stopper. Alcoholic fermentation 
was incubated at room temperature (30℃) for 4 days. 
Total soluble solid ( ° brix), reducing sugar, and 
alcohol content were determined everyday. 
 
F. Acetification 
Liquid alcohol obtained from alcoholic fermentation 
was added with 10% starter (A. pasteurianus TISTR 
102) in a glass jar. This fermentation was performed 
at room temperature (30℃) until the acetic acid was 4 
% (w/v). Acetic acid and alcohol content were 
determined every 3 days by the method of [11]. 
 
G. Rice malt vinegar analysis 
Color, Free Amino Nitrogen (FAN), and turbidity 
were determined by the method of EBC(1987). 

Reducing sugar was determined using 3,5-
dinitrosalicylic acid (DNS) method. Brix was 
detected by hand refractometer. The pH value was 
determined by pH-meter. Acetic acid was determined 
by titration. Alcohol was determined by 
Ebulliometric analysis. Scavenging effect was 
determined by the procedure of [12]. Total phenolic 
compounds were determined by the method of Folin-
Ciocalteau phenol test. Vitamin B1 was determined 
according to the method of [13] with modifications 
proposed by [8]. GABA was determined by the 
modified procedure of [14] by following [8] 
procedure. Total flavonoid was determined by the 
procedure of [15]. 
 
III. RESULTS AND DISCUSSIONS 
 
A. Malting process 
From Figure 1, after steeped paddy rice grains in 
water, their moisture contents increased to maximum 
level and finally constant that could be sufficient to 
activate germination. It was shown that two rice 
cultivars were the same pattern. The final moisture 
content in steeped grain was varied and depended on 
rice cultivar. 
 

 
Fig 1: Moisture content profile in steeping process of Kam and 

Homnin. 
 

Reference [16] suggested that rate of water uptake 
depends on cultivars, physiology such as grain size 
and thickness of husk, temperature and time. The 
optimum moisture content for barley germination is 
40-43%. Kam (waxy rice) was soaked longer until the 
moisture level was constant, while the moisture 
content of Homnin (non-waxy rice) required less 
time, for waxy rice, the hard and thick cover requires 
longer soaking time [17], soaking in 60 hours showed 
moisture content of 33.08% and 34.18% respectively. 
The protein content of Kam and Homnin were 
10.63% and 12.5%, respectively (Department of 
Science Service, Ministry of Science and 
Technology, Thailand (DSS), 2012;Institute of Food 
Research and Product Development (IFRPD), 2009). 
Homnin need more water absorption in rice 
endosperm than Kam to activate the seed 
germination. Reference [18] reported that protein 
content in wheat affects water absorption by grain, 
Reference [19] reported that grains with maximum 
absorption influenced seed extending and enhanced 
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germination. Thus, rice grain with high water 
absorption, Homnin showed maximum germinative 
energy at 96% as shown in Figure 2. 

 
Fig 2: Germinative Energy in germination process of Kam and 

Homnin. 
 

B. Vinegar production 
After malt processed through kiln and mill, the 
mashing process is to convert the grain starch to 
sugars in order to permit alcoholic fermentation by 
yeasts. Temperature and time profiles of mashing are 
important parameters, they affect the enzyme activity 
and therefore the proportions of the various sugars 
and amino acids in the wort. During this time the 
enzymes alpha and beta amylase, protease and beta 
glucanases convert the starch to fermentable sugars 
[1]. In this work, temperature-programmed were 
45C for proteinase activity was active. FAN and 
soluble nitrogen were determined as products of 
enzyme activity [2], 62C for beta-amylase was 
activated to produce maltose, 75C for alpha-amylase 
was activated to produce of glucose [20] and used 
glucoamylase (commercial enzyme) at 60C for 
production to glucose [21]. This step is a process of 
sugar extracted and nutrients, only soluble substances 
could pass into wort, it was suitable for use as a good 
source for yeast. 

 
Fig 3: Change of reducing sugar,°Brix, pH and alcohol content 

in wort from Kam. 
 

 
Fig 4: Change of reducing sugar,°Brix, pHand alcohol content 

in wort from Homnin. 

As shown in Figures 3 and 4, the alcoholic 
fermentation profiles of wort from Kam and Homnin 
were similar. The alcohol content gradually increased 
corresponding to the utilization of sugar in the 
respiration process. During the early stage of yeast 
fermentation, the remaining sugar is converted to 
alcohol, which corresponded to Brix and Reducing 
sugar decreasing. The decreasing pH was due to 
organic acids and hydronium ions that were released 
by the metabolism of cells which uptake cations into 
cell for osmotic pressure equilibrium [22].The 
alcohol content of Kam was was constant since the 
second day, Homnin since the early days. It was 
found that the final stage of alcoholic fermentation of 
Kam and Homnin were 6.98% and 6.42%, 
respectively in 4 days. Reference [23] reported that 
vinegar obtained by 9% alcoholic fermentation, 
produced the highest acetic acid, but both show lower 
alcohol content, probably due to the materials used in 
fermentation vary. The fermentation conditions in 
this work, no sugar added to adjust the total soluble 
solid to 18 °Brix in the alcoholic fermentation by 
yeast,in order to obtain 8-9% alcohol after 
fermentation.Furthermore, the conversion of the 
alcoholic liquid produced tovinegar as shown in 
Figures 5 and 6. 

 
Fig 5: Change of pH, acetic acid and alcohol content during the 

production of Kam malt vinegar. 
 

 
Fig 6: Change of pH, acetic acid and alcohol content during the 

production of Homnin malt vinegar. 
 

The results showed that alcohol content and pH 
decreased,acetic acid increased as the duration of 
acetic fermentation. Profiles of vinegar from Kam 
and Homnin were the same pattern. After 30 days of 
acetic fermentation, acetic acid content of Kam and 
Homnin were 4.5% and 4%, respectively. 
Acetobacter species convert the alcohol to acetic acid 
in the conditions of air via two successive catalytic 
reactions of a membrane-bound alcohol 
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dehydrogenase (ADH) and a membrane-bound 
aldehyde dehydrogenase (ALDH) 
[24],[25].Reference [26] studied the optimal 
conditions of fermented vinegar from black glutinous 
brown rice (BGBR), which BGBR wine was adjusted 
to alcohol 5%, pH 5.5 and fermented by using 
Acetobacteraceti TISTR354 and shaking method for 
3 days. The BGBR vinegar was 5.48% of acetic acid 
with pH 3.38 shows that adjusted the conditions to 
suitable and the aeration affect to the amount of 
acetic acid. 
 
C. Characteristics of rice malt vinegar 
After fermentation of vinegar from Kam and Homnin 
rice malt, rice malt vinegar was finished product, 
followed by chemical and physical analysis of Kam 
and Homnin rice malt vinegar and compared to 
commercial malt vinegar are presented in Table I. 
 

Table I.Characteristics of rice malt vinegar and commercial 
malt vinegar. 

Values represent mean ± standard deviation of means.                                                              
Mean values within the same row sharing the same 
superscript were not significantly different at p ≤ 

0.05.nsnosignificant difference. 
The acetic acid of Kam and Homnin rice malt vinegar 
were lower than commercial malt vinegar (5.12% 
acetic acid), but acetic acid must contain not less than 
4% and residual alcohol does not exceed 0.5 %, 
according to Thai Industrial Standards for 
vinegar.The pH of Kam, Homnin and commercial 
malt vinegar were 3.24, 3.28 and 2.68, 
respectively.Kam malt vinegar had a darkclaret 
color,while Homnin malt vinegar had a brown color, 
because pigment of source substance include the 
anthocyanin and proanthocyanidin (DSS, 2012) [27], 
whereas malt vinegar had a dark brown color. The 
dark color was derived from the addition of caramel 
or barley extract to the malt vinegar. Rice malt 

vinegar indicated low level turbidity, Kam and 
commercial malt vinegar were very slightly hazy 
(1.0-2.0 EBC unit), Homnin malt vinegar was almost 
brilliant (0.5-1.0 EBC unit). The GABA content in 
Kam and Homnin were lower than that of commercial 
malt vinegar, 9.04, 8.61 and 12.05 (mg/100ml), 
respectively. The free amino nitrogen (FAN) was 
significantly different. The highest level of FAN was 
found in Kam rice malt vinegar, followed by that of 
Homnin and commercial malt vinegar, were157.81, 
142.31 and 125.87 mg/L, respectively. Whilst the 
vitamin B1 content in 3finished products was no 
significantly different. However, Kam malt vinegar 
had the highest content of phenolics 
(105.14mgGAE/100ml) and antioxidant activity 
(62.99%) whereas Homnin and commercial malt 
were at the same level(87.74 and 87.58 
mgGAE/100ml, 55.75 and 56.22 %Scavenging effect, 
respectively).Reference[28] suggested that the 
antioxidant activity was linked to free soluble 
phenolics.The difference in the concentration of 
phenolic compounds related to the pericarp color, 
higher concentrations of total soluble phenolic 
compounds were observed for the grains with red and 
black pericarp colors, which were 7 to 15 times 
higher than the grains with a light brown pericarp 
color [29]. In those with red and black pericarp color 
prevail compounds with higher molecular weight, 
mainly the anthocyanins cyaniding-3-glucoside and 
peonidin-3-glucoside [30]. Moreover, the flavonoid 
content in Kam malt vinegar was higher than Homnin 
malt vinegar and commercial malt vinegar (10.46, 
9.08 and 8.60 mg RE/100ml, respectively), which 
was similar to the report of [15]which found that 
flavonoid contents among the white, red and black 
rice were 131.6, 147.2 and 240.6 mg RE/100 g 
respectively.The black rice had average highest levels 
of flavonoids.Since the grain of Kam rice(LuemPua) 
had higher levels of antioxidant contents than the 
Homnin rice (833.77 and 29.3mg/100g, 
respectively)(DSS,2012; IFRPD, 2009).As a result, 
the rice malt vinegar from Kam rice had the highest 
levels of antioxidant activity. Therefore, Kam rice 
malt had high potential for use as raw material for 
malt vinegar production. 
 
CONCLUSION 
 
Malting process caused significant changes in several 
chemical compositions, bio-functional compounds 
and amino acids in rice malt, affected to quality of the 
final malt vinegar, such as vitaminB1, GABA and 
antioxidant contents. Rice malt vinegar had acetic 
acid content lower than commercial malt vinegar, but 
that contained not less than 4%acetic acid according 
to Thailand Industrial Standards for vinegar. It can be 
concluded that malt vinegar prepared from Kam rice 
malt was a good healthy product since it contained 
high levels of vitaminB1, GABA and antioxidant 
content and useful for the functional food industry. 
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