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A B S T R A C T
 

Rice-acid, a Chinese traditional acidic rice soup (rice-acid), is widely accepted by consumers due to its unique 
L-lactic 

/

× ×  CFU/mL) and yeasts 
× ×  CFU/

physicochemical characteristics including titratable acidity, pH, reducing sugars, amino acid nitrogen, gamma-
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1.  Introduction

’s main foods and has rich nutrition 

fermented cereal products are widely accepted by consumers in the °C for 

raw material of rice-acid is glutinous rice containing many polymer 

rice-acid is also a unique seasoning product obtained through the 
spontaneous fermentation process with lactic acid bacteria and 
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by lactic acid bacteria mainly include organic acids, alcohols, esters, 
aldehydes, and ketones, such as ethanol, acetic acid, ethyl acetate, 

 
bacteria in wine were strongly correlated with the generation of aroma 

screened the fermentation yeasts with the superior ethanol tolerance 

 

low-temperature rice-acid produced by farmers, low-temperature  
rice-acid produced by enterprises and high-temperature rice-acid 

Rice-acid can be produced through low-temperature or high-

°

° °

Therefore, the study aims to determine the taste substances 
and aroma components  of  t radi t ional  Chinese fermented  
r ice-acid with  HPLC, e lectronic  tongue and sol id-phase  

2.  Materials and methods

2.1 Materials

different regions and represented the main types of rice-acid produced 

temperature fermentation samples were collected in February 

of the duration of the second fermentation on the characteristics 

Rice and flour Water Boiling Fermenting
(25-30 days)

Rice-acid Second fermentation
(4-7 days)

Rice soup Original sour soup after
the first fermentation

Fig. 1 
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Lactobacilli

2.2 Determination of organic acids

The samples of rice-acid were filtered with double-layer filter 

μm microporous membrane  

× 250 mm,  
5 μm, American Agilent Corporation) solid phase cartridge for HPLC 

 

/L NaH2 , 
/ °C, and detector 

L-lactic acid), malic acid, 
citric acid, acetic acid, and tartaric acid in rice-acid samples were 

L-lactic acid was measured with 
the Amplite™ Colorimetric L
USA) and the purity of L-lactic acid was measured according to the 
method of Moon 

μm aqueous phase membrane to obtain organic acids 

linear range regression equation and the concentration of each organic 

2.3 Determination of free amino acids

Free amino acids were determined according to the method by 
 

/min for 

%

× g
μm

/ × /L sodium 
/L sodium 

° °C, reactor 
° /

/  

free amino acid in the samples to be tested was determined based on 

2.4 Determination of taste characteristics

 

After cleaning, the sensor was zeroed at the equilibrium position 

test, the sensor was sequentially washed in two reference solutions 

/

a manual injector equipped with 2 cm-50/ μm /CAR/

°C for 50 min, 

chromatograph inlet (250 °C

× × μm

°

°C °C/min and 

°C °C/  

The injector temperature was set at 250 °C

%  

/min and the splitless 

°C

°C  

°C

system and identified through the comparison with reference mass 

ROAVi = 100 ×           ×
Ci

Cmax

Tmax

Ti

where Ci and Ti

C  and T
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Titratable acidity/
method by Cao 

/T 

% 
(m/V /

, 
5 % (m/V) NaCl solution and spread on MRS 

° °C 

 a panel 

2.8 Data analysis

reported as means ± ’s multiple 
range test and t

P
P

3.  Results and discussion

3.1 Effects of different fermentation methods on organic acids

were different between enterprises’ and farmers’  
Lactic acid (mainly L-lactic acid) was the main organic acid in rice-

% % of the total acid), followed by malic acid, acetic 

P L-lactic acid was produced by lactic acid 
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0

4

2
1

6

8
7

5

3

9

T
he

 c
on

ce
nt

ra
tio

n 
of

 
or

ga
ni

c 
ac

id
 (

g/
kg

)

Group

Total acid Citric acid
Lactic acid

Oxalic acid

Malic acid
Acetic acid Tartaric acid

Fig. 2 The concentration of organic acid in different low-temperature rice-

±

sour taste and its metabolism facilitates amino acid absorption and 

of acetic acid in all rice-acid samples was low since acetic acid mainly 

lactic acid was the highest in rice-acid, thus it might lead to the mild 
L-lactic acid can form 

poly(L

L-lactic acid-based rice-acid products will 

3.2 Effects of different fermentation methods on free amino acids

be immediately hydrolyzed and do not contribute much to the taste 

and content of free amino acids in the study on the contribution of 
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into 5 categories and the compositions of free amino acids of different 

%
% %

amino acids were detected in low-temperature rice-acid samples 
produced by enterprises, whereas the highest contents of bitter and 
sweet amino acids were detected in high-temperature rice-acid 

/ /

acids were detected and their contents decreased according to the 
 

(Leu) > serine (Ser) > tyrosine (Tyr) > methionine (Met) > threonine 
(Thr) > histidine (His) > arginine (Arg) > proline (Pro) > isoleucine 

Although the contents of free amino acids were low, the contents of 

samples produced by different fermentation methods (P

% % 

the degree of proteolysis and glutamate might be metabolized into 

/ /g, accounting for about half of the total amino 

/ / ’

might be ascribed to the uncoordinated proteolysis during rice-acid 

bitter amino acids, indicating that the high temperature affected the 

the content of raw materials (rice and flour) in rice-acid was only 
% %

3.3 Effects of different fermentation methods on volatile 

characteristic aroma and worked together to form a unique aroma of 

ketones, 7 alkanes, 2 alkenes 

 

’  
’

produced by different fermentation methods (P 
of aroma compounds in low-temperature rice-acid was more than 

compounds could be the non-shared potentially aroma compounds 

the different aroma compounds of fermented foods could be used to 
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Table 1
%

Taste H2 M2

0 0 0

Bitter, Sweet 0 0

Bitter 0 0 0 25

Salty 0 0 0 0 0 0 0 0 0
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Table 2
Analysis of free amino acid composition (mg/

Taste Free amino acid H2 M2

± c ± b f ± a f f f ± d ± e ± c ±

Asp f ± a ± d ± b f f f ± a ± c ± e ±
a a a a a a a a a a

Asn a a a a a a a a a a

Total ± d ± a ± e ± b f f f ± e ± d,e ± c ±

Thr f ± e f ± b f f f ± c ± d ± a ±

Ser d ± a d ± b d d d ± c ± c ± a ±

± d ± a ± e ± d f ± c ± c ± e ± b,c ± b ±

Ala ± d ± a ± e ± c ±  f,g ± f,g ± f ± e ± b ± b ±

Pro c c c ± b c c c c ± a ± a ±

Total ± e ± a ± f ± c ± h ± g ± g ± d ± b,c ± b ±

Bitter Sweet

His f ± a e ± c ± d f ± d ± d ± c ± b ±

Lys ± a ± a c ± b c c c ± b c c ±

Arg ± a d d d d d ± c d ± b d ±

Total ± a ± a f ± b ± e f ± e ± e ± c ± d ±

Bitter

± c ± b e ± d e e e ± c ± b ± a ±

Met ± c ± a e ± b e e ± c ± c ± c ± d ±
d ± b d d d d d ± c ± a ± c ±

Leu ± c ± a d ± c d d d ± b ± a ± b ±

Tyr e ± a e ± c e e e ± c ± d ± b ±

Total ± c ± a e ± c e e ± d ± b ± a ± a ±

Salty
Cys b ± a b b b b b b b b

Total b ± a b b b b b b b b

Total amino acids ± b,c ± a ± e ± c ± f ± f ± e ± d ± ± b ±
c a h d g h f e c b

c a d b e d d c b b

± P
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Table 3
%

aroma 
compounds

Threshold
H2 M2

% % % % % % % % % %

Acids (3)
Acetic acid

Propanoic acid 700

Pentanoic acid

Alcohol (13)

555

2-Butanone N N N N N N N N N

2-Heptanol

N N N N

Benzeneethanol N N N N N N

N N N N

-Terpineol N N N N N

2-Undecanol

Esters (4)

Propyl acetate

Propyl propionate

Propyl caproate N N N N

Aldehyde (6)

Heptanal

Benzaldehyde

Nonanal

Ketones (6)

2-Butanone N N N N N N N

2-Pentanone

2-Heptanone

heptanone
N N N N N N

Alkanes (7)

50

N N N N N N N

2-Methylnonane

Tetradecane

Pentadecane

Alkenes (2)

butylbenzene
7

-Cedrene N N N N N

Polyphenols (1)

butylphenol

Note: 
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3.3.1 Acids

 

P 

studies, the difference in acid compounds were probably due to 

3.3.2 Alcohols

the enzymatic condensation of organic acids and alcohols during 

P 

3.3.4 Aldehydes and ketones

and heptanal were large, indicating that they had an important 

important intermediates for the formation of heterocyclic compounds 

ketones were detected in low-temperature rice-acid samples produced 
by enterprises and high-temperature rice-acid samples produced 

3.3.5 Hydrocarbons

studied the properties of ethylene/
D-limonene is a monoterpenoid 

with a lemon-like aroma and -terpinene has citrus- and lemon-like 

correlation coefficient r 

3.4 Effects of different fermentation methods on taste 

The taste signal intensities of different rice-acid samples detected 

acid samples produced by farmers had the highest signal intensity 

rice-acid samples since the ability of lactic acid bacteria to break down 

of saltiness was the weakest because salts were not added into rice-
acid samples in the fermentation process and the salty taste could not 
be generated by lactic acid bacteria and yeasts in the fermentation 

acidity was related to the high content of L-lactic acid, the high 
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acidity was mainly related to the fermentation processes of rice-acid 
from saccharification to alcoholization and acidification under the 

tastes of rice-acid might depend on the interactions among different 

Bitterness was mainly caused by bitter amino acids, hydrophobic 
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mean ± 

The results of principal component analysis showed that the 

% % %

tongue could distinguish the three groups of rice-acid produced by 

3 . 5  Ef fec ts  o f  d i f ferent  fermentat ion  methods  on 

and alternation, which led to the degradation of oligosaccharides 
and polysaccharides into reducing sugar, and the growth of 

were lower because they had the higher temperature and longer 

P
temperature samples produced by enterprises had more acids than 

 

The result was consistent with the report by  

studies reported that nitrogen-containing compounds (proteins, 
peptides and amino acids) could endow fermented foods with the 

Therefore, it could be speculated that low-temperature samples had 

differences among the high-temperature fermentation rice-acid 
P 

P  
× × CFU/mL)  

× × CFU/
studies reported that the synergistic interaction among these 

 
 and  were the dominant genera in rice-
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polysaccharides produced by  was beneficial to the 

(low-temperature and high-temperature fermentation) were between 
/ /L (P

(P 
samples produced by farmers might be ascribed to the accumulation 

reported that fermented foods produced with different strains were 

 
licheniformis

unique low-temperature fermentation rice-acid was higher than that in 

Based on Pearson’

associated with titratable acidity and sensory score and sourness had 

ethanol (P 

also reported that fermentation of gluten free rice with lactic acid 

aroma profiles and odorant compositions, which influenced the 
 

self characteristics and eating qualities, microbiota compositions were 

and physicochemical characteristics in rice-acid and we will further 

4.  Conclusion

by different fermentation methods could be distinguished by its 

nutritional characteristics of rice-acid, especially in low-temperature 

Table 4

Sample pH
Titratable acidity 

(g/kg)
Reducing sugar 

(mg/mL)
Amino nitrogen 

(g/
Sensory score

Number of lactic acid 
bacteria (CFU/mL)

Number of yeast 
(CFU/mL) (mg/L)

± ab ± f ± a ± a ± d ± × h ± × c ± b

H2 ± c ± d ± c ± a ± b ± × c ± × d ± a

± a ± g ± a c ± c ± × ± × b ± c

± d ± c ± a,b ± a ± b ± × ± × d ± a

± e ± e ± c c ± b,c ± × 5 d ± × d ± d,e

± ef ± a ± de ± b ± a ± × b ± × ± d

M2 ± ef ± b ± de ± ab ± a ± × c ± × 5 e ± d

± b ± d ± d c ± c ± × g ± × 5 f ± b

± ab ± g ± a c ± d ± × ± × 5 g ± b

± b ± d ± b c ± cd ± × ± × h ± b

± P
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rice-acid producers and researchers to better monitor the quality of 

indicators and taste and aromatic compounds with the production 
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Appendix A. Supplementary data

Supplementary data associated with this article can be found in 
// / /
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