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ABSTRACT

Traditional low-salt solid-state fermentation s@use was based on soybean meal and wheat brannamederial,
after stewing, making Koji, then mixing with briaad fermenting again, that made soy sauce . THislarwas
focusing on production techniques of gluten soyxeauade from gluten, wheat flour and bran. Theirstfes3.951
(Aspergillus oryzae), Qulding of HETIANKUAN and QwgJof DINGXIN were used to make Koji. After testing
activity of different Koiji in different fermentatidime, the neutral protease activity and the nundfespores were
highest in culture made from DINGXIN QuJing. Thoulgé neutral protease activity was down when glutak
place of soybean meal as main nitrogen sourceat still available in production. Also through tfaur factors’

Orthogonal experiment of gluten, wheat flour, beard water, the best proportion about them was43: 3 : 6, and

the most effective factor was gluten, the water meag to gluten. Finally, tests showed that amiiimbgen content
and the generation rate of amino nitrogen were bgilwhen the pH was 7, the concentration of brolet®n was

12% and the Solid-liquid ratio was.10.6 during fermentation.
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INTRODUCTION

Soy sauce is a traditional condiment in Chinagicent years, with the development of the societytha progress
of technology, the soy sauce production of our tguimcreased year by year. From 2002 to 2011 sthesauce
production of our country increased from 1,600,6008,624,900t, the compound annual growth rate 3vaB%. In
the future, with the fast steady development ciomal macroeconomic and the continuous improveroéptople's
living standard , for our residents, the consumpégpenditure of condiments will continue to in@eathe demand
of soy sauce will continue to increase as well. <idering the soy sauce as consumer staples of ébpleis
livelihood, and to predict the growth of China'sam@conomic in the future, on this basis, soy petida in 2011
as the base, and combination with soy sauce priotlucbompound growth rate from 2002 to 2011, préuicthat
by 2015, the production of soy sauce will reach2g155,400t[1-2].

The protein materials of the soy sauce productiemaainly based on soybean, and also based ontpsantlower
seed cake, etc[3]. Gluten is also called the wheatein powder, which is the by-product in whearnufacturing
edible flour, it is the wheat flour with water afteneading, washing with water to remove the statichn gain the
strong sticky dough, it was commonly known as theegp, its protein content is as high as 75-85%clvigenerally
used for bread flour, dumpling powder and othecgdg@owder to increase the ductility of producHy-

In China, soy sauce can be classified into low-salid-state fermentation and high-salt liquid-stégrmentation
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according to the different fermentation technolofpaditional low-salt solid-state fermentation ssauce was made
from soybean meal and wheat bran, produced thretgling, making Koji, mixing with brine into solisauce
fermented grains, then through the fermentation ahthined soy sauce. The cycle of low-salt sdiades
fermentation production is short, soy sauce haslgmdor and taste, aroma is thicker, the utilizatrate of raw
material is higher, production rate is stable, mst, which is the mainstream of our country saycegproduction
technology[6].However, in China, some soy sauce ufanturers’ production technology is outdated, picid are
single, they cannot satisfy the growing demandrethie no advantage in the fierce market competittbos the
reforms and innovations of low-salt solid-statey sauce production technology are particularly intgoat [7].
Zhou Bingchen[8] found that in the innovation ofyssauce processing technology with low-salt solates
fermentation, changed the ratio of raw materisstaased the ratio of C/N, used more wheat, whichstrengthen
the delicate flavors of the soy sauce.

This paper mainly used gluten instead of soybeaa temake koji, choosing low-salt and solid-stiienentation
method for the preliminary research on the new by sauce processing technology. Through théysis of the
protease enzyme activity of daqu to determine fitermum conditions of making koji, and then througk analysis
of amino nitrogen content and the generation r&t@n@no nitrogen in the fermentation products téedmine the
best fermentation conditions .

THE EFFECTS ON DAQU PROTEASE ACTIVITY AND THE NUMBER OF SPORES FROM
DIFFERENT SOURCES STRAINS

In this experiment, three kinds of strains wereateld .The strain As3.951 (Aspergillus oryzae) (gled by the
institute of microbiology of Chinese academy ofesies), Qu Jing of HETIANKUAN (provided by Japan€ae
Jing), QuJing of DINGXING(provided by the shijiazng city dingxin brewing food science researchitims).
The above three kinds of strains were used reségtio make Koji. Sample respectively at 20 h2dnd 28 h in
three daqu production process, determined its asetactivity and the number of spores, to selecptimal strains
which was used in daqu raw material proportionixgegiments.

ORTHOGONAL EXPERIMENT OF DAQU RAW MATERIAL PROPORTIONING
Select gluten, wheat flour, bran and water as #wudaw ingredients[9], and orthogonal experimefitdaqu raw
material proportioning were designed, the expertalgactors and levels were shown in table 1.

Table 1 Orthogonal experiment of daqu raw material proportioning

levels | gluten| wheat flour bran water
1 15 15 5 20
2 20 20 10 25
3 25 25 15 30

EFFECT OF DIFFERENT PH ON NEUTRAL PROTEASE ACTIVITY IN FERMENTATION
According to table 2, prepared the buffer solutidms different pH which were 3.0, 4.0, 5.0, 6.00,78.0, and

prepared 12% brine solutions with buffer soluticasg heated them to 4% ~ 50 °C. Weighed 20 g daqu culture

medium B into the six 250 ml flasks, added brinkutson ,its mass was the 65% of the total massazfudraw
materials, sauce billet moisture controlled at 50%3%, mixed evenly, sealed the bottle with agpament plastic

film, placed them in the incubator at°@s for fermentation.. After 15 days, stopped the femtation, the mixture
was centrifuged to obtain soy sauce. In thelOthoddgrmentation, protease activity was measured.

Table 2 Preparation of buffer solution

pH | 0.2mol/L Na2HPO4| 0.1mol/L Citric acid
3.0 4.11mL 15.89mL
4.0 7.71mL 12.29mL
5.0 10.30mL 9.70mL
6.0 12.63mL 7.37mL
7.0 16.47mL 3.53mL
8.0 19.49mL 0.55mL

EFFECT OF BRINE CONCENTRATION ON THE QUALITY OF SOY SAUCE IN FERMENTATION
Prepared12%, 16% and 20% brine solutions with epuffolution of pH 7, and heated them to 45 ~

50 °C.Vaccination operation was the same to 2.4.2, amuhgl the fermentation, respectively at 5 d, 10hd &5 d,

sampled and analysis of the residual proteaser Adtenentation 28d, the mixture was centrifuged &hdred,
analyzed of amino nitrogen, total nitrogen and anmiitrogen generation rate of the filtrate.

1183



Wentong Xue et al J. Chem. Pharm. Res,, 2014, 6(5):1182-1186

EFFECT OF SOLID-LIQUID RATIO ON THE QUALITY OF THE SOY SAUCE IN FERMENTATION
Take daqu B and 12% brine concentration mixed falig the ratio 1: 1, 1: 0. 8, 1: 0. 6 and 1: 0.4t them into

250 ml flasks and placed them into°@5incubator for fermentation. After 28 days fermeiota, the mixture was
centrifuged to obtain soy sauce, measured the aniiragen, total nitrogen and amino nitrogen geti@narate.

EFFECT ON DAQU PROTEASE ACTIVITY FROM DIFFERENT SOURCE STRAINS

Through determining neutral protease activity ofjdawhich was made from three different strainssodirces,
during different periods (as shown in table 3)yits found that the daqu made from the DINGXIN @Qwg.had
the highest neutral protease activity.

Table 3 Neutral protease enzyme activity from three different strains sour ces

Protease activity u/g ) ( Dry basis)
time As3.951 Qu Jing of | Qu Jing of
(Aspergillus oryzae)] HETIANKUAN | DINGXIN
20h 1062 1087 1210
24h 1040 1064 1125
28h 1126 1130 1258

EFFECT ON THE NUMBER OF DAQU SPORE FROM DIFFERENT SOURCE STRAINS

Through determining the number of daqu spore, whiels made from three different sources of straitusing
different periods (as shown in table 4), it wasrnduhat the dagu made from DINGXIN Qu Jing had mhest
number of daqu spores .

Table 4 The number of daqu spore from three different strains sources

The number of spores *10°)
Time As3.951 QuJing of | QuJing of
(Aspergillus oryzae)] HETIANKUAN | DINGXIN
20 h 1.1466 0.8935 1.8133
24 h 1.3819 0.8522 1.5257
28 h 0.9708 0.4800 1.1187

ORTHOGONAL EXPERIMENTS OF DAQU RAW MATERIAL PROPORTIONING
Daqu that was made of 9 groups raw material ofogwhal test was determined of neutral proteaseme@activity
respectively through forint method, the resultsengnown in table 5, analyzed and got the follovaagclusions:

a) A3B2C1D3 combination, the highest of neutralt@ase activity was 1250 u/g, the best proportidio raf

medium was that gluten : wheat flour: bran: wat&:4:3:6.

b) In the four factors, the order of affect theesizas gluten (A), water (D), bran (C) and wheatfl(B), the most
effective factor was gluten and the water was texgiuten.

c) Gluten processing was the key to the successaq@l in the production of gluten soy sauce, so heulsl

strengthen the gluten grinding and water treatriredaqu production.

Table 5 Orthogonal experimental results of daqu raw material proportioning

Column number
The test number Gluten(A) | Wheatflour(B) | bran(C) | water(D) | the average activity of proteageq )

(9) (9) (9) (%) dry basis
1 25 25 15 20 764
2 25 20 5 25 817
3 25 15 10 30 705
4 20 25 5 30 1079
5 20 20 10 20 1089
6 20 15 15 25 1142
7 15 25 10 25 1235
8 15 20 15 30 1250
9 15 15 5 20 1215
K1 762 1026 1052 1223
K2 1103 1052 1037 1065
K3 1233 1020 1010 1011
R 471 32 42 212

Note: the percentage of moisture content was the masepiige sum of the gluten, wheat flour and bran.
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EFFECT OF DIFFERENT PH ON THE NEUTRAL PROTEASE ACTIVITY IN FERMENTATION

As table 6 showed, after 10-days fermentation, méptrotease residual enzyme activity increasethénexternal
pH from 3.0 to 7.0 and declined in pH from 7.0 t6.&Residual enzyme activity reached to the maxinsdaid u/g
when its pH was 7.0. So the neutral pH was the agggtopriate in fermentation.

Table 6 the neutral protease activity of different pH after 10 daysfer mentation

pH | 0.2mol/l Na2HPO4 0.1mol/l Citric aci Neutrabpease activity (u/g
3.0 4.11mL 15.89mL 382
4.0 7.71mL 12.29mL 425
5.0 10.30mL 9.70mL 432
6.0 12.63mL 7.37mL 498
7.0 16.47mL 3.53mL 572
8.0 19.49 mL 0.55 mL 417

THE EFFECTS OF BRINE SOLUTION CONCENTRATIONS ON THE QUALITY OF THE SOY SAUCE

IN FERMENTATION

When sauce fermented grains of various brine swiutoncentrations fermented for 5 d, 10 d ,15d prnodease
activity was determined (as shown in table 7), trauprotease activity was declined during the femtation
process, while the residual enzyme activity of 1Bfifie solution concentration was slightly higheartnthat of

others .The reason may be that higher brine solw@ncentration inhibited the activity of protease,12% brine
solution was more appropriate during fermentation.

Table 7 Effect of brine solution concentrationson the neutral protease activity

brine solution concentrations Neutral protease activitfyu/g ) dry basis
5 days 10 days 15 days

12% 801 524 297

16% 782 510 255

20% 702 464 241

After 28 days’ fermentation, soy sauce amino n#mgotal nitrogen and the generation rate of anaicid within
three concentrations were shown in table 8.

Table 8 Effect of brine solution concentration on the quality of the soy sauce

bri uti | the amino nitrogen total nitrogen amino nitrogen
rine solution concentration ( gN/100mL) ( gN/100mL) | generation rat¢ % )
12% 1.12 1.78 62.93
16% 1.03 1.75 58.85
20% 0.91 1.62 56.22

Table 8 showed that the higher of brine solutioncemtration, the less of amino nitrogen conterd, rdason was

that the increased of the brine solution conceomatvhich inhibited the effect of protease, anthade the amino
acid generation rate decrease, so the amino nitrogetent decreased.

Table 9 Effect of solid-liquid ratio on the quality of soy sauce

the amino nitrogen total nitrogen | generation rate of amino nitrogen
Solid-liquid ratio
( gN/100mL) ( gN/100mL) (%)
1:1 0.53 0.98 54.08
1:08 0.69 1.25 55.20
1:06 0.72 1.27 56.69
1:04 0.64 1.21 52.83

THE SOLID-LIQUID RATIO ON THE QUALITY OF THE SOY SAUCE IN FERMENTATION
Mix homemade daqu (gluten: wheat flour, bran: wat8r4:3:6), with 12% of brine solution concentoai{45 °C ~

50 °C) accordingto 1:1,1 0.8, 1:0.6 and 1 0. 4 ratio, and at 46 incubator in 250ml flasks at 45 incubator.

After 28 days’ fermentation, the mixture was cduatgfed to obtain soy sauce, and then we measureairiiso
nitrogen, total nitrogen and generation rate ofremmitrogen (as shown in table 9). With the incieg®f brine

solution rate ,amino nitrogen and total nitrogeardased, but when the rate was varied from 1:6.16:0. 4, amino
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nitrogen and total nitrogen decreased. The fernientanixture became more of the solid state duda¢oreduce of
brine solution, so the content of amino nitroged &stal nitrogen increased. But when the ratio fido solution
was much less, which influenced the function oft@ase, amino nitrogen and total nitrogen decreasethe
contrary [10].

CONCLUSION

This paper took gluten, wheat flour and wheat @smaw material, through stewing, making koji, €afermented
grains ,fermentation and so on, preliminary stddiee low-salt and solid-state fermentation proogstechnology
to product soy sauce fermentation, The strain AsB@spergillus oryzae), Qulding of HETIANKUAN andu@ing
of DINGXIN were used to make Koji. After testingetlactivity of different Koji in different fermentan time, the
neutral protease activity and the number of spae® highest in culture made from DINGXING QuJifigrough
the neutral protease activity was down when whéaeg took place of soybean meal as main nitrogemce, it

was still available in production. Also through fleeir factors’ orthogonal experiments of glutemvheat floug bran

and water, the best proportion about them wak:3 :6, and the most effective factor was gluten, theemaas next

to gluten. Finally, through the study of gluten sayice fermentation technology, which showed thmha nitrogen
content and the generation rate of amino nitrogenevhighest when the pH was 7, the concentratiohriole

solution was 12% and the Solid-liquid ratio was@.6 during the fermentation .
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