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Comparison of Functional Components and Antioxidant Activities of
Soy Sauces Brewed with Different Raw Materials

YANG Chunhui, WANG Wenping’, XU Dandan, CUI Yugian, JU Yan, XU Chunyan, LU Xiaoting

(Beijing Academy of Food Science, Beijing 100068, China)

Abstract: Using black bean, soybean and soybean meal as raw materials, soy sauce was prepared by high-salt dilution
method. The quality indexes, functional components and antioxidant activities of the three soy sauce were detected by
conventional methods and liquid chromatography-mass spectrometry (LC-MS/MS), and the correlation between antioxidant
activities and functional components was analyzed. Partial least squares discriminant analysis (PLS-DA) was performed
based on the functional components of soy sauce. The results showed that the sensory and physicochemical indexes of the
three kinds of soy sauce all met the requirements of the first grade soy sauce in national standard GB 18186-2000 "Brewing
Soy Sauce". The functional components of the three kinds of soy sauce (total phenols, total flavonoids, melanoid, total free
polyphenols, total free flavonoids, total free amino acids) were 4.78~7.14 mgGAE/mL, 2.75~4.34 mgRE/mL,
1.25%~1.70%, 25.54~35.08 pug/mL, 11.37~20.20 pg/mL, 42.36~48.61 mg/mL, respectively. The antioxidant indexes (total
antioxidant capacity, ABTS" and DPPH free radical scavenging rate) were 24.27~605.57 U/mL, 6.43~8.57 mgVCE/mL and

3.53~5.30 mgVCE/mL, respectively. Except for free amino acids, the functional components contents and antioxidant
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activities of the three kinds of soy sauce were black soy sauce>soybean meal soy sauce>soybean soy sauce, and there were

significant differences in antioxidant indexes among the three soy sauce (P<0.05). The correlation results showed that the

antioxidant activity of soy sauce was significantly positively correlated with the contents of total polyphenols, total

flavonoids and melanoid (P<0.05). PLS-DA results showed that the soy sauce brewed with different raw materials could be

distinguished by functional components. In conclusion, the antioxidant activities of soy sauce brewed with different raw

materials of different composition and contents of functional components were different, and the functional health effects of

soy sauce could be improved by the selection of raw material and enhancement of certain active ingredients.

Key words: soy sauce; black bean; soybean; polyphenol; flavone; melanoid; antioxidant activity; correlation
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A LERN T AN R 5o b 220y | 2 | 2 RS
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AT R ARG B ORISR R R, SR
FRAG A R T 2B F v, DU Ry . ST R
AETT R | SRRSO i Sl 0 2 LR 3 i, SR WA 6,
i 58 B BT 1% /Y (liquid chromatography-tandem mass
spectrometry, LC-MS/MS )X I3 3 B iz
BRI RN B 22 i, PUAAS [R) A R v g
BB AL E AL WG T, XF 3 A TAR SR ST, 3%
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L1 MRISGER
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=R MBS 2 Kl 2 (Aspergillus oryzae) (IR
3.042) dbATTESERE AT AT AAREAT . BRIZ
£, 42 C(vitamin C, Vo) | 2,2"-BE%(-—.(3-2.3ik-
28 I BE i 64tk 1R ) . 4% £ (2,2'-azinobis-( 3-ethyl-
benzthiazoline-6-sulphonate ), ABTS) . 2,2-B2KH-1-
i 3 BE 3 (2,2-diphenyl-1-picrylhydrazyl, DPPH)
H Sigma 2\ Fl; KA (daidzin) . KEHIG(daid-
zein) . YR ARHE (genistein) . YRR ZE (genistin) | 2
T (glycitin) . 2 5.8 2 (glycitein) . IR R
(tectorigenin) . 125 R B i, (tectoridin) . /B T 2
2 (biochanin A). (+)-JLZZE ((+)-catechin) . I E
F JLAS # (epigallocatechin) . Ji JL &% 2 (protocate-
chuic acid) . XEE T ILIFE L E T LS (epigallo-
catechin gallate) . & JLZS 3 (epicatechin) . WMk R
(cafeic acid) . & BLMR (vanillic acid) . 4-F2 LI HH R
(p-hydroxybenzoic acid) . i[RI (ferulic acid) . T &
iR (syringic acid) . 3 JLZXZE B T LS (epicatechin
gallate) . & TR (gallic acid) . J5i4£T 2 (proantho-
cyanidins) (4l = 98%) _LiIEMAEYRHEARA
Al HEE(EGSal)  fEEBR A R E] SdiA bER
77 (total antioxidant capacity, T-AOC) #3271 &
A AR ) AR T T HAIRGR) S 4
et

Synergy HTX ZDIGEMFLAREFPR{Y 3£ Bio
tek BHE A RS Fl; 1290 8 @ 0RO L3512 -6470 H
B DU AT S i3 . 5975-7890A AR (AL - AL 58
Agilent BHEAAFRZSF]; 5910 R iR 2 0L
1 [E Eppendorf Bl 477 R4y F] s BT25S H, 7K1
Sartorius Bl 22X 2 (b 50) 73 RS 7l 5 L-8900 & FL1%
B35 H A H L4 HE] Mill-Q g7k 22
Millipore 2% &l ; DHG-9030 H, #VE IR T 4848 il
—ERFFA AR BRA 7] HI208 2 BT (Bftag 3t
) _LiERFE A RAE
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PEVEEL B 6 kg R (R T 8 O sl UKD 7E
25 °C Fi#2#d 8 h, Z 5787 30 min, i K G HAE
P BZEA RS 4 kg ERTR ST B R FR R
Hh, Y HIZE 35 °C. P 0.5%o 1K ithE:, 7 32~35 C
FHEFE 48 h, 132 AT . KR AT 20% oK LR
Ik 1.0:2.5(g: mL)WRE AGLEEE 6 1~ H, Ai—1H
REIHK 1R, Zadra k. R, SRR
PLHEA TR . RIS i3 i AR #2876 80 °C
SF R KB, A T—80 °C vKARARAT, %5 .
1.2.2 JRE MIAIERRNE  SFEAR GB 18186-
2000 BRI FTH Y H T R TIIE -
1.2.3 Gy, ST SR T 3R A RN & B
BRI RE S Xu U Bk, G R U E T
fi 245 (gallic acid equivalent, GAE) #7~; BB &
B AE 27 Gao 57 71k, G5 R LA T 2 &L (rutin
equivalent, RE) IR JFAETT 38 5 1 i 275 25 St gk
SEUST 7k SRR & BRI =5 A LR SEY iy
o
1.2.4 Ui B0 A 0 S 2 ik G S e UEES
P A S 21 S B 2 SR F LC-MS/MS %, B
I 2 mL, FRESCHR [20] BY 7 UEA AR S AT AL B R v
WERIT A B SORAA i 55 Eclipse plus Cq 8
%4 (50 mmx2.1 mm, 1.8 pm), FE7E 40 °C, ¥ i3
0.4 mL/min. WizZIHH: A B 0.01% W EREW, B
B, s AR PR ER T : 0~1 min, 90% Aj; 1~6 min,
90%~40% A; 6~10 min, 40%~10% A; 10~12 min,
10% A; 12~14 min, 90% A, #FFEE 1.0 uL. FRiEs&
1. FEE 25 25 ¥ (electron spray ionization, EST) ¥, 1
B, BEZEHL R 3000 V, FEESABIREE 200 °C,
AR 11 mL/min, #§0REE 325 C. 2V
) (multiple reaction monitoring, MRM )2 B %
SR 1,
1.2.5 AR S mrlile  $208 GB 5009.124-
2016 & 4 FE bRt B P LR I E ) ik
AT R
1.2.6  AS[A]EURBbER S Fe T A Ak R 1 e
1.2.6.1 SPrEfaEIImile  SHFEFEEP 1Y
Jrids, RSB UEAE AR F 7GR S
1.2.6.2 DPPH H HEIEFRAE I E S KW
L1 {77 v . B 2.0 mL RBE SRR BE I (ODy, 5 0 TE

® 1 A2 RN RS

Table 1 Mass spectrum parameters of multiple reaction
monitoring of target compounds
o BT FHEF BHNEHRE  AifERE
(m/z)  (m/z) (V) (eV)

SR 612 e e s
E X 445.1 223697.'22* ;gg i(s)
JUp AR 431.1 226399'? 122 ;
pNEACS 415.2 225223'2* ;gg 2(5)
SR 299.1 2;47',1(: igg ig
o 268.1* 175 20
HH R 2831 o400 175 28
. 267.1% 160 35
JE G 2E R 2831 539 160 38
YA 269.1 lzii 128 ZS
R . 223.0% 180 40
208.1 180 35
245.2% 150 15
(H)-JLEHE 2891 5045 150 20
125.0* 90 23
RBETILHER 3051 o6 90 13
108.8* 110 15
JFILAHR 1529 1079 110 30
169.2% 143 15
REETILRRRBE TR 4572 1252 143 48
244.9% 160 15
RILAH 289.0 202_99 160 20
UERR 179.0  135.0% 120 15
152.2% 100 13
R 1669 )7g 100 18
4P R AP R 1372 9625'.91* : gg ;2
Qe 930 a0 "
) 182.2% 110 13
I&m 1970 153 110 25
FIKRRBET]MEE 4410 12 68: ;)2* iig ;i
125.1% 110 15
WETM 169.0 -4 110 25

0.5~1.0 JEHE ), ITA 2 mL 0.2 mmol/L (Y DPPH-
LW, FEFE IR T #8630 min JFFE 517 nm
PAAEIE S CREAE, 10 Ages B 2 mL 0.2 mmol/L
i DPPH-Z. B S 2 mL /RT3 50 80% LB
1R AHEE 30 min, M5 W OGEEAH IFIC N Al s B
2 mL BESFERIRS 2 mL Jo/K ZEEVR-S#8EG 30 min,
W A2 WG EEAEITAE N Ao FESHAY DPPH [ 3%
BRI AU
DPPH ] H1 3 % (%) = (1 . A*%A;AJ)X 100

A
1.2.6.3 ABTS'HHIEERRE NG S agty
FY 5 ¥ . IR G {E N 0.700+£0.020( 734 nm ¥
K9 ABTS M3k, HL 4.0 mL ABTS WX, inA
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40 uL #E SR BT IR 30 s, BB 30 min J5
MEAEP I 734 nm ARG EEAE, 18 Ay s B
40 pL 7€Mk 5 4.0 mL ABTS MR IR SR Y,
BN 30 min Ji5 M2 LS 734 nm Ab 19 OGS

fEL, IC8 Aups B 40 pL FEAFR RS 4.0 mL AR

I 60% ZBER IR IR, T E ). 30 min J5i

%Y‘F?Bz{/( 734 nm ﬁﬁglﬁﬁjﬁgﬁ, _‘Laﬂ‘j AX\J"H_‘E\O t‘élill:l]il

By ABTS"H 3B RRITE A XA
ABTS' I3 ) = 1 - 24

) x 100

LAV AE2R A B EREBREE T BHPEXT R, Bedl AN
WRIEE Vo W, 5350 DATHR FE AN 1 BRI RS AN
AR, 221 Ve priERTZR, 1155 DPPH 1 ABTS H i
FLE BR 8 J7 A HTIA ML R Y 5 (vitamin C equivalent,
VCE),
1.3 HiEALE

AW EALE 3 D PATAES, G5 R B LL <1y
fE+bREZE" TR . SR SPSS 20.0 ZRAF X%k
Pt HE AT AH OC M 43 B M 22 53 Wb 3 PR R 56 43 B, LA
P<0.05 Jy225 3 . R SIMCA 14.1 A% K
P A7 I B /)N 3 H 51| 43 BT (partial least squares-
discriminant analysis, PLS-DA) .
2 BERES
2.1 ARERIEREREE MRE IR IR

XA R JsUEHER G 3 Fhaim 8 e S B e bRtk
ATIE, S5 5 LE 2 Fik 3.

# 2 AFFEHIRE 3 B E TP 4S
Table 2 Sensory evaluation results of three kinds of soy sauce
brewed with different raw materials

SH R HT A
@0 HE, G RABE, CRE Al e, G
T OWBOEET RIBORET  RENEES
e DREERIE, PREERTE, R
BERE 11 PR BRI T
R BT B TA

®3 RFERURRE 3 Ffs i BAL SR bRl s 45 51
Table 3 Determination results of physicochemical indexes of
three kinds of soy sauce brewed with different raw materials

i MG e Thgn 8 181862000

(—Zifim)
W’z f%ggﬁff'?‘;’ T tess 17 =13.00
g%pﬁg;?%?ng E{%?Vr) 0.74 07 0.78 =0.70

FHR 1 FNER 2 AT, = APOR R sORHE i S A
AR TR e Th A R TR A8 AR 2 1k B [ S
GB 18186-2000 (it #4311 ) rh— T I EK

22 AEEHEREEHNEE. S8'l. REEER.
KEHIELLR

ZWHRIE W o T A TP — S A R, B
APUEAN Y, Wl nT AR R IRGT AN T &
A TV JFAETT AT T, Bk . v
IR PUARAR R PR DA 7s IeAh, SERip8 i Lt e
FEAE S BRR IS 5 2R . Z IS A G
e FERIAE SN S I i — G5 R S 2RI R
EW), AR IPTEAL T h 2505 BREE ST, it B
AU A mobE_ LI EEE P XA RO R
3 P n Sy B AT R SR S Rt
ATINRE, S5 1.

= '1E o, SRoEl . -
;%; o | ] . Sk b

= - b
- 0051 % % %% .
??E 0.00__ %\ %\ %§ 0.0
' BB OAEE BAEEE KR

Bl 1 A FURHER RS 3 By i oy, S, IR R 28
SRR & B 4
Fig.1 Determination results of total phenol, total flavonoids,
proanthocyanidins and melanoid contents in three kinds of soy
sauce brewed with different raw materials

H: ARIFRFRRZER BE (P<0.05); K 1~ 3 [,

FHIE 1 AT, 3 AT Ry BRI SERERS
ST R R > TR > B, b Sy
LTRSS RNE SR 4.78~7.14 mgGAE/mL
2.75~4.34 mgRE/mL. 1.25%~1.70%, 5 o3 3%y i) 54
Py A ] T 2HE ORIk 2 v T At 7 R e v
(P<0.05) . MAM A ER G PR R E R, &
A 0.10 mg/mL., CAMREH, BRI EAEEMN
BEERALS 2N, B SR EERSS b A Y B SR
KGAHEEE Y 5~7 %, M HAH L F8# 2, B S
T T MFAET R MO SR M 2 2 i,
X AT AR T B T R | RN B e
FHAMPG PG A SRR P TR R AT
WY, BB SIRAETE R, E O R
JEAETS 2RI o S AR, T LA S T R ORI
IRKG AT 3 . TRUCI PO ifF 58 R B, SR
Fe Tl v B A B O VEARS G R, A R R 22
bGP RR . BE P KRG EA SR TS
H 25% ZeAy, e R I AR vh O AR AT DARESR R R
HINE R EY, BRSIE A PR TE 2R
AP SRR R G RT3 E) i —Fh R, R
SR TIR BB Y, A SR I A R 2 B A
SRS AN TH s, BT LA GORAEE i v A0y . S TR
R EE T EEEM(P<0.05), 45K, B
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TRy . BB AT . B S R .
23 AEERMEREEBESIMEES SR
ASEEE R 3 PR im (AU 25 22 1 S s e 45
ROULE 2. HBIE 2 w5, 3 Fhg i A S HY 10 R
B2k, BT W E L SR R =
iy & B4 A 35.08. 25.54 Fll 34.57 ug/mL, H,
TR AN T RS v EERlirE 2 &4, H
Er ARl 7.85~15.48 Fll 6.43~13.04 pg/mL., il
TR TR RS Z L A ) 3 SR R TR T R IR R P
e S ARBRHIE SR RIS TR A A= 564k, seimid 5
EALR N A INESE A HhIEEE &, B/ bal SH T
A E AL N B HEA U200, AN [R) K e el e v
P ES Z it BT AP AE— B 22 S, FR T Pyl R
JLZE M T HFR & &3 02w 1 H A v # 3% m
(P<0.05), HUF LZAZE mTRe e i B O EErfe ity
S o —IR L3 3R -3-O-F 2PN A = A A 35 B
ez b, G T Y EER (7.85 ng/mL) AP EERR
(0.48 pg/mL) &l FAR T H AP Fh 7 (P<0.05) ,
T KA B B PR A 2R & e e s T
FIMANSA G (P<0.05), X P BEJEH TR G PR
BRFNFMERIR S i T2 6, 475 g IRFEHA, BT 3l
AR ES 2 W B B o

161
124

B2 TR SURHERIE 3 Fhismg iy s 2 5 e 5
Fig.2 Determination results of free polyphenols contents in
three kinds of soy sauce brewed with different raw materials

2.4 AERBEREE RS RS 2R

ASTA] RS 3 i v FA) D 2 e P 5 e e 4
SROLE 3, HE 3 AIAEL, 3 FhE IR 6 R
SRR, ARG . RO I, . YukbAR
R SR . Hr, RO, #e
T YRR R T 45 & B, R 0. Yetkt
ARZE . SREMEENEUE TR T, BATERA
PHYEPERSS ) BT DL R SR T T R R
Pl S 4358 20.20, 11.37 A1 15.38 ug/mL, 225 %
A SR S R T A S R T RN SRR T
(P<0.05), ixX 5 H B w5 B A By —2 . K
TUANGURI AR AT o B i 2 e T T i) R 2 R
], TR SIS S B R O S AR R ) B B AR,

BT AR R S A W 7 2 e P = ) -t
A P, PR RS 2 (A
SRR, S R SURHR S i - T 2R
JNOAFAE—ERIZE S, G P R G oo E
BT ARSI (P<0.05 )5 ORI S o
Fty e T B L2 e S KB, A 5 ke 57 5 2
B, 554 MO, SR A 4 Rk 5 2
P T T I, AT A SR BN b PR A
e, GEERA, PO A R B EE B B

201 .

g SRl

151 @ K uie L§

10 & i

(ng/mL)
(3]
W

B3 ANRSURHERIE 3 M i) fir g 2 i 5 i I e 245
Fig.3 Determination results of free flavonoids contents in three
kinds of soy sauce brewed with different raw materials

2.5 AERMEREE R RER S BHR
ASFJEORERIE 3 Fh il AR i 28 2 SR MR 2H il S %

HMELE R UL 4. 3R 4 AT, R IR

Hy 18 Fh i B 2 HE R (& 8 Fhbifs LM ) , R

4 ORFEURHERTE 3 Fhis i it i e S SRR 1 i e 4
Table 4 Determination results of free amino acids contents in
three kinds of soy sauce brewed with different raw materials

P o A S Fritmeml. )
MU EORE TR
1 HHEm Glu 5.50 5.56 5.29
2 KA Asp 4.86 5.29 4.51
3 [N Ala 2.53 228 2.33
4 HER Gly 2.59 226 1.99
5 R * Lys 6.53 6.02 5.43
6 It iR Pro 1.75 127 0.95
7 225 Ser 3.01 272 2.55
8 IR Thr 233 1.82 1.99
9 ARNER* Phe 2.81 2.89 2.73
10 A IR* Met 0.88 0.77 0.57
11 Hi =R Arg 2.18 2.15 1.78
12 RN Tyr 1.94 1.83 1.63
13 SEAIR* Leu 4.87 4.26 428
14 ETERN Val 2.75 2.69 2.73
15 Sooadm Tle 2.30 2.18 232
16 TR His 1.46 1.26 1.09
17 R Trp 0.24 0.20 0.14
18 PR Cys 0.08 0.06 0.05
¥y 48.61 45.51 42.36
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Rl IR NS S i S i = o 1
48.61. 45.51 M 42.36 mg/mL; BhTs 5 ELME &y
Wk 22.71. 20.83, 20.19 mg/mL. ¥l a5k &
TERIE T B A5 . A& UL B A A= Wy v A
HEDS, gh ISR, SO i 5 S R TR
HTRAN T, IO S SRR SRR 5T
T, R Rl 25 R SR 43 BE 42 1HT, 20 R .
AR & B 3T 53 R FE g A e, A # v 20 iR 5 50
ol BT P Y R R AR . UL R LR
Frmhom, TTREE TR S EURE AT L B B U R
T2y H B ST, el 2 T Rk s IR
Y2, AR A KA, TR S HA = 19
Pty 2, 4508 S R A T R Al B 2 1 R
2.6 A EIEREREERIIMELIEMEELER

KA BEITEALBE ST . ABTS H L7556 1 Fl
DPPH [ i 33 BREE JTTTPHAS [FoRHER & 3 Al
HIPLEA LT, 55R 0L 5.

5 AFERHERE 3 PP A b
Table 5 Antioxidant activities of three kinds of soy sauce
brewed with different raw materials

g ECk ] R
BPEMRE(UmL™")  605.57+10.22¢  424.27+5.06° 538.97+7.69°
ABTS"H H 375 bR AE . . b
(mgVCE-mL ") 8.57+0.15 6.43+0.12 8.04+0.17
DPPH H 334 BT . c b
(mgVCE-mL ) 5.30+0.07 3.53+0.03 4.64+0.04

e TR PR R R 22 5 3 (P<0.05) .

FRE 3 ATA, 3 AP TAEILEE 1 A ABTS I
DPPH H HEIEREES153 5] 424.27~605.57 U/mL .
6.43~8.57 mgVCE/mL } 3.53~5.30 mgVCE/mL., A
[F] SRR 1) P T ST E AL BE ) . ABTS' H i30S
RHEJ1 1 DPPH [ Hi IS BREE S 344 W3 22 5 (P<
0.05) . AS[F) MRS P T BT S AT PRI H SR/
Y87 ok B T e T > TR T > R T, DA T T
PisEALEE T . ABTS" H HH2:F1 DPPH F H 5L BR e
7% 2 T HAL PR (P<0.05), T oA
ST . SRR ST AR AT P B e v T T,
WCHTAEALRE Tt T O . PR = R
AH, ASTR) S 28 A A I S i AT S AL TR P S SR R
T SRV AE L PR s IR, TR P S
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Fig.4 Partial least squares discrimination analysis of active
components in three kinds of soy sauce brewed with
different raw materials
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