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Abstract: In order to establish the prediction model of secondary precipitate of high-salt dilute-state soy sauce, the physicochemical
indexes related to the formation of secondary precipitate of soy sauce were comparatively analyzed, including pH value, iron ion, ferrous ion,
polyphenol, polysaccharide, sodium chloride, ethanol, glutamic acid and temperature. SPSS software was used to analyze the correlation
between the amount of secondary precipitate and each index, a multiple linear regression prediction model based on the correlation analyses was
established. The results showed that the amount of secondary precipitate (Y, g/L) was significantly correlated with pH value (X;) (p<0.01), iron
ion (X,, mg/L), polyphenol (X4, g/100 mL) and sodium chloride contents (X4, /100 mL) (p<0.05), and the multiple linear regression equation
amongst them was successfully established. The results showed that there was a good correlation between the predicted value of multiple linear
regression equation and the measured value after 3 months storage (R?=0.8517). The prediction model is helpful to find the soy sauce that will
produce serious secondary precipitate in advance, and avoid its inflow into the market and cause economic and reputation losses to enterprises,
thus it has important application value.
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Table 1 Determination results of physicochemical indexes in soy sauce before pretreatment

R E pH & 4B T/(mgll) T4BF/(mgl) $&/(gGAE100mL)  %45/(g/100mL)  &Ak4/(¢100mL)  ZBF/(g/100mL) A& ER/(g/100mL) RE/SC
TRBEHSED  4.56+0.02 26.03+0.80 25.86+0.55 0.28+0.01 6.11+0.16 16.20£0.34 0.310.01 0.56+0.02 16.200.10
E: SERAFHMEAEE (n=3). K2 F.
£ 2 TR RERPIENIERINELSER
Table 2 Determination results of physicochemical indexes in soy sauce after pretreatment
%% pHAE 4B F/mgl) BB F/(mgl) ZEB/(gGAE/100mL) %#E/(g/100mL) HAL44/(g/100mL) TBEH(g/100mL) AEAB/(g/100mL) RE/C  —RILEAERE/NL)
1 2524002  26.18+0.73 26.1140.65 0.27+0.01 6.17+0.20 16.41+0.57 0.33+0.02 0.510.01 16.20+0.10 5.10+0.32
2 351001  26.01+0.78 26.25+0.76 0.28+0.01 6.22+0.15 16.27+0.39 0.31+0.01 0.48+0.01 16.20+0.10 4.65+0.28
3 454£0.02  25.97+0.93 25.38+0.96 0.28+0.02 6.19+0.25 15.98+0.62 0.28+0.01 0.500.02 16.20+0.10 3.24+0.23
4 550001  25.88+0.67 24.92+0.80 0.29+0.01 5.89+0.13 17.12+0.65 0.29+0.01 0.49+0.02 16.20+0.20 2.95+0.18
5 657001  26.21+0.84 26.21+0.84 0.26+0.01 5.93+0.18 16.45+0.46 0.3020.01 0.52+0.01 16.20+0.10 2.27+0.15
6 4.52+001  26.02+1.01 26.15+0.68 0.28+0.01 6.45+0.30 16.13+0.48 0.32+0.01 0.510.01 16.20+0.10 2.69+0.22
7 456£0.01  66.16+2.25 25.69+0.64 0.28+0.01 6.04+0.17 15.44+0.56 0.300.01 0.50+0.01 16.20+0.20 3.58+0.29
8 454002  106.25+4.04 26.06+0.89 0.29+0.01 6.21+0.28 16.38+0.46 0.31+0.01 0.5240.03 16.20+0.10 4.43+0.35
9  451£0.01  146.08+5.26 26.37+1.03 0.30+0.02 5.95+0.16 16.090.58 0.31+0.01 0.510.01 16.20+0.10 4.95+0.34
10 4.50+0.01  26.53+0.74 24.08+0.72 0.25+0.01 6.06+0.29 17.03+0.70 0.28+0.01 0.49+0.02 16.20+0.10 2.74+0.18
11 453001  26.44£1.24 66.04+2.51 0.26+0.01 6.11+0.23 16.26+0.39 0.29+0.02 0.510.01 16.20+0.20 3.20+0.22
12 457001  25.87+1.03 106.62+3.84 0.29+0.02 5.98+0.17 16.63+0.50 0.29+0.01 0.510.01 16.20+0.10 4.04+0.29
13 4.54+0.02  25.79+0.83 146.11+4.38 0.300.02 5.99+0.24 16.75+0.35 0.31+0.01 0.5240.01 16.20+0.10 4.67+0.35
14 4512002  26.02+0.78 26.20+0.79 0.28+0.02 6.03+0.29 16.23+0.62 0.31+0.01 0.48+0.01 16.20+0.10 2.7140.21
15 4.60£0.02  25.90+1.01 26.42+0.82 0.59+0.02 6.12+0.28 16.87+0.73 0.300.01 0.530.03 16.20+0.10 3.4140.24
16 4.58+001  26.25+0.55 26.71£1.26 0.87+0.03 6.04+0.13 16.56+0.45 0.29+0.01 0.5240.01 16.20+0.10 4.38+0.29
17 449+0.02  27.01£0.70 24.54+0.98 1.18+0.03 5.89+0.18 16.39+£0.48 0.28+0.02 0.510.02 16.20+0.20 5.27+0.41
18 453001  24.89+0.57 25.68+0.74 0.27+0.01 6.20+0.14 16.50+0.66 0.3020.02 0.510.01 16.20+0.20 2.75+0.21
19  448+001  25.98+0.94 24.99+0.77 0.29+0.01 9.16+0.22 16.47+0.56 0.300.01 0.510.02 16.20+0.10 2.85+0.17
20 4624002  26.13+0.65 26.03+0.73 0.28+0.01 12.0120.32 16.29+0.47 0.3320.01 0.500.01 16.20+0.10 3.27+0.25
21 456002  26.22+0.60 23.91+0.77 0.28+0.01 15.2240.34 16.61+0.38 0.31+0.02 0.52+0.01 16.20+0.10 3.63+0.23
22 458+0.02  25.44%0.81 27.18+1.09 0.28+0.01 6.14+0.22 16.09+0.51 0.300.01 0.49+0.01 16.20+0.20 2.76+0.19
23 455002  26.17£0.73 26.43+0.61 0.26+0.01 5.87+0.18 21.14+0.63 0.29+0.01 0.5120.01 16.20+0.10 3.2040.24
24 466002  26.22+0.99 26.19+0.73 0.26+0.01 5.90+0.25 26.22+0.87 0.32+0.02 0.510.01 16.20+0.20 3.79+0.27
25 445+002  25.77£0.72 25.88+1.01 0.28+0.01 6.21+0.16 31.06£0.78 0.32:0.01 0.520.02 16.20+0.20 5.68+0.43
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%5  pHAL 4B T/(mgl) T4kBTF/(mgLl) %B/(gGAE100mL) Z4E/(g100mL) HAL/(100mL) TAEF(g/100mL) HEE/(g100mL) EE/C  ZRTEAERE/(YL)
26 4524001  27.00+£1.05 25.76+0.77 0.29+0.02 5.99+0.19 16.78+0.57 0.310.01 0.50+0.02 16.20+0.10 2.70+0.17
27 456002  26.14£0.91 26.03+0.73 0.29+0.01 6.00+0.23 16.57+0.46 0.90:£0.03 0.49+0.01 16.20+0.10 2.65+0.21
28 4.59+0.01  25.88+0.62 26.54+0.85 0.2620.01 6.21+0.18 16.39+0.52 1.52+0.04 0.52+0.02 16.20+0.10 2.71+0.18
29 451001  2627+0.74 26.1140.65 0.28+0.01 6.03+0.27 16.40+0.66 2.13+0.07 0.51+0.03 16.20+0.10 2.80+0.22
30 4512002  25.75+0.75 29.18+1.05 0.28+0.02 6.17+0.19 16.22+0.58 0.33+0.01 0.51+0.01 16.20+0.20 2.74+0.17
31 456001  25.63+0.82 26.12+1.10 0.25+0.01 5.86+0.17 16.18+0.52 0.33£0.02 0.82+0.03 16.20+0.10 3.02+0.20
32 4594001  26.90+0.72 26.25+1.05 0.28+0.01 6.22+0.18 16.15+0.39 0.3120.01 1.09+0.05 16.20+0.10 3.37+0.26
33 4624001  24.69+0.94 25.93+0.72 0.30+0.01 6.19+0.16 15.99+0.58 0.30+0.01 1.43+0.06 16.20+0.20 3.7540.27
34 4484001  28.01+1.09 26.82+0.80 0.28+0.01 6.08+:0.20 16.43+0.46 0.31+0.01 0.50+0.01 -20.00+0.10 3.07+0.24
35 457001  26.14+0.78 26.14+1.29 0.29+0.01 6.02+0.24 16.05+0.51 0.3120.01 0.51+0.01 0.00+0.10 2.86+0.19
36 458002  26.09+0.81 25.99+0.70 0.28+0.01 5.79+0.14 16.59+0.48 0.30+0.01 0.52+0.02 20.00+0.20 2.63+0.20
37 4555001  25.69+0.67 26.23+0.76 0.26+0.02 5.90+0.24 16.28+0.37 0.29:+0.02 0.52+0.01 40.00:£0.10 2.99+0.18
38 4444002 2551097 26.09+0.81 0.28+0.01 5.92+0.18 16.35+0.33 0.30+0.01 0.54+0.02 60.00+0.10 4.02+0.25
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3 IRNRERESREEZERREXME S
Table 3 Correlation analysis of secondary precipitation production and variables

Y X X X3 X4 Xs Xs X7 Xs Xy

Y 1 -0454**  0.341* 0232  0396* -0.021 0381* -0.221 0.029 0.101
X 1 -0.008 0.001 -0.005  -0.011 -0.010  -0.010  0.039 -0.011
X; 1 -0.073  -0.044  -0.072  -0.090 -0.069 -0.074  -0.024
X3 1 -0.059  -0.093  -0.030 -0.073  -0.062  -0.015
X4 1 -0.078  -0.043  -0.090 -0.050  -0.022
Xs 1 -0.038  -0.059  -0.055 -0.029
X 1 -0.047  -0.077  -0.009
X7 1 -0.067  -0.019
X 1 0.015
Xy 1

Er ARTE p<0.05 KF T REAK; R TE p<0.01 KFFAREEAK,

23 ZRIREREG SR EZ M KM

AR

XN SE AR B0 38 i AR ol (1) IR AR Ik
&2 (Y, gL) 5%t [pH B XD KBTS
2 (X, mg/L). WEKETFEE X5, mg/l). ZHE&
& (Xy, g GAE/100 mL), ZHiE & (X5, g/100 mL),
FABE B (Xe» 2/100 mL) . ZFEE & (X7, g/100 mL).
KRR ESE Xy g/100 mL). HE Xo, ‘CH] ZIA]
BT Person AT, S5RWIER 3 B,

FHR 3 AT, 5 IR AR AR DM B S 1)
& pH {H, BEIIMREZEFAK (r=-0454, p<0.01),
HIR N Z B &8 (r=0.396, p<0.05), SN S E
(r=0.381, p<0.05) FIZLE T & & (r=0.341, p<0.05),
BIRBUNEE LA, W Ryt e 5 A 1
TE. ZHESE. LESE. RERS R H
(AR . RSO ORI 2/ (<1.8%)
4h, pH. Fe''/Fe™'s Wy, KEZHE. K EAMH
1. NaCl Fn 235750 o =X Sh A A8 e — IR AR
BHAEEEN (p<0.05), SAMRERAHZER,
—J7T, HTA A IEE T B3 WA EE E
A FMINK G B A BR G R AR, W RiisE
G50'a R PNGR: =[5 27y WAl Y EPS R e SRS
ks 7T, F TSR e b FE 5 K CRe
TR AL TAL R 5 B T REIR T, 7E 200 r/min. 50 “C
FMNED 7d, BRI PSR R 54
WHFLR) CREEIMRE S AL HE S B ARAE 3 D H T
ANHE, MSH KT ERES TSRS TS E. £
W B B ARE 2 AR R A AT ZE R

R AL ST AL R B i R (0 B

hEbE S ERERE RIS, 5 pH . &,
FALEN . FEREEEELSm  ERAH I,
T AEAE T kAL S5 Rt 25 b iy 5 gt AT M R 1
b, DAECTIXEe¥me) pH (. SaE=.

WE S A O R AR & SR RFTEAS 2 DU vl =2k
KEIRUTERTEREN .

e S PVRIT 7 2 B B0 PP T AR SR LR
FEHYYE. EARVUEMEMLTTE, P25
VERVIR A 2. BN 2T DRSS
IR ILEK . Prakash YR FL T IR 2 LTIEITIE IFEA
PR TE MLE,  45 TR I R 2 40T I 3 E
STEFEATRIT . 28, 28 AL B2 AR,
LIS TR R AR 25 5 0 81 260 VI W 1) L B & b
H, M. 2. FERAHWNZS 7200
VERITE G, BRI, ANHER H R i R B P A
BPNTE IRDTIERRTE R E A 2 AR Ak

5T 22, G BRBHT, i IRUTE TR
BLHI AT BE 2 B A7 AR, #& il pH (E 2%
O, R AR E AR R AT, RISl A
(I A A A T T Ak 5 2 R 3 1 DT A3 vl H 2k
SEFERRE B, mEmTE S NEEMZ R
BT IO R 2B BBl T 35 1 rp U R (9 -Fe /e
BURZ M E &Y, THzE &WAEDTER R aT fe
2 T HRTE SO T W P AR ST, AT
UUTHE, S XSy AR — e E G, X
DUEIEAR TR S A, X AT AE 2 e B RAEI
3AHJE IR A E A A RGN 3 A

BRI 36 B — R A R AR . A G ) pHL fE
LR BB &R, S ek o &
JIRHIRFERR, EESTIIEAFE 3 N G IR GTiE A
R LAY
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e — <5 EIMARBIEYISHS R
— Y & 48 ]E]
Y/ z X
A T )% L&L = J i Table 5 Coefficient analysis of the regression model

FERAR A

24 HEHHEAK M

A A By 22 5T A el A S
x4 BRWNSEESH (F%) 3120 0.996 3132 0.004
Table 4 Variance analysis of the model pH/E (X;) -0.734  0.165 -0.444 -4.443 0.000
A Fxd HEE B F P 4%BET (X)) 0014 0004 0395 3933 0.000
By 18.751 4 4688 16761 0.000 28 (X,) 2086 0488 0429 4280 0.000
#E 9230 33 0280 Adbsh (X) 0150  0.035 0430 4283 0.000

Bit 27.980 37 JE: BADBEARMAE, T A E)E 2509 R4 R,
* 6 BEBRSE R TIIUEFUNARR AYIEIE

Table 6 Validation of predictive model for the secondary precipitate in high-salt diluted-state soy sauce

s X, X, X, X ; ;ﬁ%ﬁ{;@) %ﬁgé;f) SRRRALE
1 4.98+0.01  2123+059  0.18£0.01  16.16£0.52 222 2.56 ~E
2 536£0.01  16.10£040  0.15£0.01  14.01£0.43 1.32 1.82 T ILEA BRI
3 488+0.01  26.14£091  024+0.02  16.21+0.45 2.99 2.84 E
4 548£0.02 14702053  0.15£0.02  15.02+0.53 1.45 1.87 T ILIA BRI
5 456£0.01  29.21£1.05  0.28+0.01  18.01+0.50 3.91 347 EFEE
6 4.67£0.01  21.1240.63  0.24+0.01  17.33+0.61 3.71 3.09 EFEE
7 545£0.01  17.08£048  0.17+0.01  14.07+0.34 1.65 1.83 T ILA B =R
8 5.00+0.02  23.43+0.87  020+0.02  15.73%0.60 2.12 2.48 ~E
9 449+0.01  22.62+0.79  0.19+0.01  18.23+0.73 3.05 327 FEoE
10 483001 2575£093 021001  16.41+0.41 2.40 2.82 EE
11 491£0.01  24.11£0.65  0.18£0.01  15.88£0.46 221 2.60 ~E
12 5344001 2221047  0.17£0.01  17.00£0.66 2.02 241 ~E
13 5012002  26.15£0.84  030+0.02  16.35+0.47 243 2.88 ~E
14 549+0.02  18.09+0.51  0.19+0.01  13.59+0.41 1.39 1.77 T ILIA B RIUIR
15 5124002 20.15£0.71  021£0.02  15.74+0.44 2.05 244 ~E
16 467001 2656085  0.19£0.01  19.05+0.76 3.04 3.32 FErEE
17 600£0.01 11012026  0.10£0.01  7.88+0.27 0.22 0.26 T B R KR
18 498+£0.01  21.21+0.83  0.19+0.01  16.72+0.48 225 2.67 ~E
19 4.69+0.02  25.11£0.95  0.22+0.02  16.11+0.60 237 2.90 ~E
20 475+0.01  27.23+0.65  0.18+0.01  19.10+0.46 3.98 3.25 EETE

E: BRAPHMEATEE (n=3); B X« Xov XgFo X 9FHERAK (1) 135 ZRTRETRMUL, W ERMIF kR
09 3 KM T LERFIYEAN A KIIE T FFRITMYE, DMETF8Eh kR AR B 3T R RAE I IELE R F 4 4 9 F .

TR i IR DU AR B S SRR
[V DRMEHEAT S0 AT, I HS kDT A il i 3 A
KHIFENR, KH SPSS HAFIHAT 2 Ju itk [H A 734,
FRSE T AR 3 AN 5 IR A R AR R
BT () )5 22 40T 4 R 4 R, BRI F SIS N
16.761, p=0.000<0.01, EMEEK>, RIFFEGIHY
HER

MR bSO 2 % P Pl Ak B 4 Vi ) — IR DT AR
S % PR AR (B ARG A 2 SR, i —
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RUTVEAE R A O pH E BA K B B A R £
W&, SIS ENgREFEEARaTE, D
TEI 3 AN H G 8 RUTE & AR A, T
Z IR, WAE 3 AN H i T
VEAE R, BOR ) RIS HNER 5 R, RN 3120,
Xi M RECH-0.734, X, MRECH 0.014, X, FIRECH
2.086, X¢ MIREN 0.150. BRI FEM T
X (D fir.
Y=3.120-0.734X,+0.014X,+2.086X,+0.150X, (1)
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A
Y—— kR ARE, gL;

Xs;—— %8, g GAE/100 mL;
Xe——R4L4h, /100 mL.
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HJG, 20 FhE it i —RUTE AR 5%
FRIEIARE it TG S —IRTUE, 20% )85 Tl it v LI
S T IRUTIE, 50% 3 A Al 7™ 2 1) —IRUTE  25%
R S A AR T RUTE . RS RE MG TE
AR 3 MG, 20 75%1E iR IR 2
I VN 1 i P s 4 (A 3 AP VT A e
A .

®7 BHRNUEEE S

Table 7 Classification of secondary precipitate degree in soy

sauce
ZIRIEE(/L) ZRIRALE
Y<0.5 TR BRI
0.5<Y<2 ST ILEH B —RIUIE
2<Y<3 ~E
Y>3 FErE

y=0.7384x+0.8015

RUTIE EFIE / (g/L)
8]

0 1 2 3 4

TIXVTERSEINE / (g/L)

1 1 3 MRBIRIUE SN ES KRBT E RE
Fig.1 Deviation between measured values and model predicted
values of secondary precipitate after 3 months of storage
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Pt (R=0.8517).

3 g
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ZJR I 38 FhEFE S pH B BB AR T
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SPSS 18.0 Aol IR PTIE RS KRR
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