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Abstract: Total phenol, total flavonoid, dark color substance, amino acid nitrogen, salt-free solid, reducing sugar, total sugar, total acid,
and free amino acid contents in a black soybean sauce and four other kinds of soy sauces were compared. In addition, DPPH and ABTS radical
scavenging activity, reducing power, and metal ion-chelating activity of the selected soy sauces were comparatively analyzed. Correlation,
cluster, and principal component analyses were performed to elucidate the internal relationship between antioxidant substances and antioxidant
activity in the five soy sauces. The contents of six active ingredients, except for amino acid nitrogen, salt-free solid, and free amino acids, were
significantly higher in the black soybean sauce than in the other four kinds of soy sauce (p<0.05). Furthermore, except for metal ion chelation,
the antioxidant activity was significantly higher in the black soybean sauce than in the other four soy sauces (p<0.05). Correlation analysis
showed that total phenols, total flavonoids, and dark color substances were the main components responsible for the significant difference in
antioxidant activity among the five soy sauces. Cluster and principal component analyses indicated that the comprehensive quality of the black
soybean sauce was significantly higher than that of the other four kinds of soy sauce. The findings provide supportive data and a scientific basis
for further research on the antioxidant activity of black soybean sauce and will help consumers select an appropriate soy sauce.
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Table 2 Comparison of active ingredients in five kinds of soy sauces

MR 2 g¥ih F2dh +atih Ash F k¥
%8/(mg GAE/mL) 1623+047°  6.13+0.16°  6.82+0.13°  8.15£024°  4.69+0.12°
%% B7/(mg RE/mL) 1.2540.04°  0.47+0.01°  0.50£0.02°  0.75+0.02°  0.31+0.01¢
RN (Apomn=k)  160.68+5.13*  49.51+£1.50°  90.88+2.70°  93.39+3.65° 33.61+0.97¢

BABAR(100mL)  1.71+0.08 1.2340.05° 1.28+0.03°  1.64+0.04*  1.50+0.07°
ZHBHBM/(g/100mL)  29.11£1.40°  26.44+1.01°° 27.92+0.81*° 28.66+1.11°  25.06£0.75°
iR A%/(2/100 mL) 6.43£028  2.65£0.07°  3.06+0.11°  2.53+£0.08°  3.32+0.14°
#4%/(2/100 mL) 8.85:0.24°  3.80+0.13¢  4.45£0.12°  4.28+020°  5.43+0.19"
%.8/(g/100 mL) 2.93+0.06°  1.65£0.05°  1.60+0.03°  0.88+0.04°  1.96+0.06°

E: S RAFHEAREE (n=3); F—ATHMA LAFEREA AR DB FHEATHIBEZAGLEREEEZF (p<0.05). k3. 4F.
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Table 3 Comparison of free amino acid compositions in five kinds of soy sauces

HBERAHAE/ (mgmL) Fa¥d  HaAR Fakd Kk T
RAZBR 4.8440.14°  4.40+£0.11°  4.01£0.10°  4.80+0.19"  4.44+0.09°
il 6.68+0.23°  7.96+0.38" 6.89+0.28"  7.23+0.20°  6.12+0.25
LR 3.32+0.13*  1.80+0.07  1.56£0.05°  2.92+0.09°  2.36+0.10°
HAER 3.04+0.10°  2.76£0.13° 2.97+0.15°¢  3.20+0.14°  4.08+0.16°
HRBR 224+0.11*  1.48+0.03% 1.56£0.05%¢  2.02£0.09°  1.64+0.08°
EN: 2.96+0.06™  3.28+0.15* 3.14+0.16*®  3.30+0.11°  2.76+0.06°
AR 2.9240.13%  2.00£0.06° 221+£0.05°  2.75+0.12*  2.32+0.08"
R4 47240220 3.7240.09°  3.7440.15°  4.60£0.19°  4.64+0.21°
LHRAPR 1.88+0.06°  0.80+£0.02¢  0.78£0.02¢  1.21£0.05°  1.00+0.03°
AR 340+0.16°  1.20£0.02¢  1.75+0.08°  2.51+0.06°  1.32+0.03
BERBR 0.92+0.04°  0.48+0.01Y  0.60£0.02°  0.710.03°  0.44+0.01°
BN 232+0.09°°  2.08+0.05° 2.19+0.05°°  2.44+0.11*  2.32+0.10°°
ERER 0.73+£0.03*  0.60£0.02°  0.61£0.01°  0.70+0.02*°  0.68+0.01°
KA EER 2.1240.11*  1.56+0.04°  1.68£0.06°  1.99+0.05*°  1.92+0.08
FRBR 1.96+0.10°¢  1.88+0.08°  1.85+0.06°  2.43+0.12°  2.12+0.10°
TRBR 3.64£0.16>  3.56+0.07° 3.50+0.17° 3.85£0.15*°  3.92+0.11°
F A ER 0.08+0.01°  0.04+0.01°  0.05£0.01°  0.07+0.01*  0.04+0.01°
&R B 0.1240.01°  0.10£0.01°  0.10£0.01°  0.12+0.01*  0.09+0.01°
Bt 47.89 39.19 46.85 4221

TCERE T M 45 TR 2 fow, SFER I
[ EAE S 25.06 (TEER i) ~29.11 /100 mL (2
S, BREGEM, KSR EEM. HEEhS
WA, B AMES LR EWMAILEEER
(p>0.05) #b, HAREHEMIEIIA EEZER (p<0.05),
SR E 26 R LS A AT ER
EETEHEN 15.16~44.89 /100 mL, AHF 7T HTI 5 Fis
JHIRESH I TE R A & BIfE e rh, B R R g )
WL RAMR . Fsh, TEHETEYEE AR+
WA 2R, Ik BERSEAE TR, BREA
MBI, ToEREE & R, MG E
m RS, 15K 2 B, JoER[ETEA S T
MUK A S >R > 2 S >0 AR > TR R
PRI PRTT LU X S iy (0 5 5T R
R R > ORI T O 2 > T S A T S
215 #BELR

5 T 25 S IR A AN SR 3 s, BRI
TR TR KA P AR R
FRRE B AN 47.89, 39.70. 39.19. 46.85 F142.21
mg/mL, B4 & B I R S B S R B i v T A v
JE5L R AT B E T ] s B S A e e R A
DA FA A B 22 ] F TR AR )R-
U1 5595 5 22 1) 2 19 R A TS B v 100 2R, Tl R B A

B Z AR . S5 T HAE AR
T CRRgBRIE S AR ) 1)U B S IR A, 45
SRR I 2 AR 2 vt PR I B 2 R 1 B 0
A 5579.69 mg/100 mL 1 394.54 mg/100 mL, 5 At
T RA 2R, TREJE RIE TR X ey
H K A L 2GR, (HRANE 50
THEUEFERE GEE/BAR TR /NS Ik
HESR KK FRAFER, BRiE T2 Byt (iR
IR, SKELH]. EARIWES) T aeti A A .

22 EREEWMAE T EHHUAMNE N LR

DPPH H HI&IERRBE /I TS RNk 4 Fos, 18
T F R A IR 1600 5115 L T, DPPH H H3&
[FIERRAEJITE 9.23% (TEEh ) ~36.60% (22 & H# )
Z 8], B S ERKMETREZR (p>0.05) 4,
HARPEMmA A BEZER (p<0.05). Gao 2l
TR R T DPPH [ HHEEIERREE ST, 45 R IH
FE 100 135 J5 R 25t 75 Ab R 5 2058 75 AL FR A ot
DPPH H HEMTERRAE 17074 63.20%. 72.61%, 5
AL FRAAERZE 2, T ReJE R AN R
XPE MR BN, (H3E 5 245 DPPH H 2
(FBRRAE /i TR E A, X 5P sy
SARFF
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ABTS H HIERREE /s RNk 4 s, &
B ABTS H HISERREEIHTE Y 98.72
pmol TE/mL (TG#h¥H) ~278.87 umol TE/mL (A&
T, BriE G 2 ST E AR B3 2 R (p>0.05)
b, HAREFENASE BEER (p<0.05), ZEHEE)
WSET 41 FREFES) ABTS H HIEERRAE S, 45
BRI FFE T ABTS H HESHBRAE /I HIVE EN
102.55~636.76 mmol trolox/mL, iX-5AHF 7t 45 RATFAE
REFER, ARG H TN T ABTS H HHEEH
REESIITH EAREAR ], i SRR AWM R E R
F. AN, HEEMEEGAME ABTS HHiLER
BE TS B %R, RS2 ESPE g 1A
7 BT ENT ABTS H HEERRAE B m T HAR
WE M, X 5INPT 4 A .

WIF ST Rk 4 R, S8R R
FIHIVEEE A 4.39 mg AAE/mL (TE£5#3H) ~12.08 mg
AAE/mL CEEHEHD, BRIETEMSE G AR, 6y
WSS ML REER (p>0.05) 4,
HARFMEEREER (p<0.05). BT EHIE
T AT G R, X550 fu g
FHIFFo Gao MBI FT 1 A P A FR5 ) Yo i R
JIMIEEM, 25 R I P A BRI SR )
E T ARV R H I, Hanbi e s R4k
FE Kb B L IR )4y R 2783.97 . 2239.87 pg
AAE/mL %, SAMAGRAMESR, "ReREZ
BB A A ], R E A E R .

SR FEERIINTERINGE 4 PR, K5

FEM &8 525 RE VG Dy 53.61 pg EE/mL
(TeEh# M) ~3433.24 pg EE/mL CKiHD, H&FEM
[ BEZER (p<0.05). K& RS FEARES
R, ZUNBEEIN 135 6%, EE M 6.12 %,
T AERAI 12.10 fis, JoEF T 64.04 £, XA REEL
VAR FIEFIAHRF R ARG T2, Kil— R RS
KB FLAERT R R ORI, BN b — R H R
SLARE BRI EFT —F R EAT, HHERIE,
Wt R VYR G 77 BeE ), A (A R RE R Rk
[ LA EACRH S & B A RE R TSR 1M
iR, M TEAI &R B T G Rt 1 B2 m T H
finE it it . BOE MRS FEER IR T R
M, TG EHIN 4.55 £, S AR 8.99 £, ok
T 47.59 £, RGEMAEY H & W RS8R
BT EGRIRE AR T HE T T e
FRYIR, FRIMSECORT 7222 0 w5 X ) S R A
OEEEE G R 42.5 £, AT X R G a et
SRIE G R 57.8 1%, FHAEMESEC @ L BTG
WH RN LA R GIEH RFRIART 1.101
mg/g, [RINIIGE T B GIEH RMARIMTENIETE, 25
REIY B GICHE RIREN 50 pg/mL B, HXTEE T
A HETIRENSIAF 93.09%, X DPPH H H3EITERRGE
JIRENSIE R 84.32%, i LidWTT, BOSAELZ A
#FER R B A RE I AN3E DPPH H HEETE BRAE 11
WHRFROTRYR, UST RO RlESRE T
A e DPPH [ HHEE IS FREE /7 T2 o T
5 5

4 5 MEHIT SR MERIELER
Table 4 Comparison of antioxidant activities in five kinds of soy sauces

_ DPPH 4 W% ABTS A%k &R A 2EET

EREEA/ % FREEH/(umol TE/mL)  /(mg AAE/mL) #4488 7)/(ug EE/mL)
¥ g% 36.60+1.42° 278.87+7.24° 12.08+0.60° 2551.55+89.88°
a4 16.60+0.44° 107.7343.54° 4.79+0.14%¢ 283.73+10.35¢
Hatih 20.13+0.70° 115.86+5.40° 4.95+0.14° 560.78+16.83°
Kk 18.82+0.70° 153.34+4.30° 5.79+0.15° 3433.24+103.76"
T ¥k 9.23+0.29¢ 98.7242.03¢ 4.39+0.09° 53.61£1.76°

23 MKRMSHE

KEFFERY, ZHRUEYEARE PR
TP DL B RR R AR RE P, KE R
B e 7y, Hir B A sl o R L Y
S 2 P S SRR, o 41 R
P it (R SR RS B DR ) PR A o i
TEARIEAETEH, Gao S A AR AR R B S
H, REATE AN FRORE TR BE 2 Ty B R R IR B s T
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EXT DPPH H HiEEIERRAE ) OLHGRNER. =
RRMNTF R ME R B TE AR OUHLRBER.
SRRNIEIR) . 5a FIROPRAER, A7
Wy GCABCHRE . RSN R IR R 5 RN R
T EEGUEAE TR .

XF 5 A A PTG TS PE [DPPH B HI 2R
kxfE/1 (DPPH radical scavenging activity, DRSA).
ABTS H H%EFRAE /1 (ABTS radical scavenging
activity, ARSA). &) /) (reducing power, RP)
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& BB FEAEE /) (metal ion chelating activity,
MICA) ] S5Hisa gt mesr Caly. SIEm. AR
YR S SRR 2 (AT A G T, S5 R LR
5 FRe

FHF S A%, 5 Rl S5 25 DRSALARSA
FIRP A EVEIEASE (p<0.01), HXKREHHIN
0.972. 0.995 F10.992, =&M< 5 ARSA I RP £
W E M IEAR (p<0.01), AHKREDHIA 0.953,
0.984. 0.960; 5 DRSA 2 REMIEMKE (p<0.05),
FHIRRECH 0.953. BRI & 55 DRSA EMREE
PEIEAHIR (p<0.01), AHKFRHEH 0.968; 5 ARSA
RP & 5 IEMISE (p<0.05), H5ERE0 518 0.933,
0.909. 1WiiF B2 IEMR & 25 DRSA. ARSA I RP ¥J
TR EM M. £ 5 SRR P S,

OIRVIPRIE K 5 Frss M s AR B 25 22 7 10
FERP, RN S B> B> R
Vi, JFHEAGGRY)SURA BRI DPPH H HiJE
THEREEST, SRS S BA R ABTS H 25
SRAE SRR A7, Tl RS 4 MU AL e
RIEASME, 5 Gao MBS A AT, RE
JRIEITET Gao S5 L ZHF 5¢ 1 i P AL HERT B b U UL
PRI, 25 RER TR A A B 2t 1
PR Py EPRETSL, T X S R TS E R M S R 2
JREA RN, T LAY B A e B
FEARTE 5 R 8 P AR B i AT T A B 2
FHEZERER, SAVIPT A RATR. FHIN
Xl T R AR R T S R T BRI B
AN, AR DRI

*®5 EHPMEMNEERS SENEEZ BRI

Table 5 Correlation between antioxidant components and antioxidant activities in soy sauces

S| BB EEE  ERMK HBEERAR  DRSA  ARSA RP  MICA
BBy 1 0984*  0.950% 0.735 0.972%%  0.995%* 0.992*%*  0.628
bS30 1 0.954%* 0.804 0.953*  0.984** 0.960**  0.752
ATV 1 0.677 0.968**  0.933*  0.909*  0.695
B R 1 0.592 0.795 0.732  0.878
DRSA 1 0.943*%  0.943*  0.572
ARSA 1 0.992%*  0.664
RP 1 0.564
MICA 1

Er RRTE p<0.05 KF T REAK; R TE p<0.01 KF FARZEAK,

24 RENMER

I
J

4 1 1 1 1
0 5 10 15 20 25

1 5 fheEdtE MBI R AR E

Fig.1 Tree diagram of cluster analysis of five soy sauce samples

XF 5 MRS 4 FhpTEAIEYE (DRSA.
ARSA. RP Fll MICA) il 4 Ffr s fbidi P i sy CRy
S BRI B IR T RAEMR K
#7, KHV-J7 Euclidean BN FEEAEN, 152155
HrankEl 1 Bis.

MEERIRT 5 /NT 25 I, vl 5 PP R ARG

oy 2 R, A R EEMATRHONES 128, W&
E SEEAERATCER R IONER 2 28, A5G BARKEE
MRl m, RIELR S HIPT AL B I PUE LS
YERr BEATHE e 55 1 2858 2 25, BRI B
AIASHIX PRI T M2k S PR THLT, SR PUR
WiEVER 3

25 EmAAMER

XTI E BT 3 AT L 1 (DRSA L ARSA.
RP 1l MICA) FUEMIETER > Gl s,
TRV ORI B R LR X 8 ANAE i F A HdE 2T
BT, T RIS BRI e R A R SEYE, BT
ZEDTRRRNAZIE S 80% LA L, S5 WEK 6. £ 7. K 8.

2 6 1J%1, 2 1 DM PREERT 1,
ZETHRRILF] T 86.603%, FHAE R FIRFE(E /N
T 1. ZJe5En, 281 F8 (PCD) i EEN], K
TEME A 6.928, fif#FE T 86.603%MIAR R, WNge 7 R,
ST BT LR U SRR  DRSA ARSA.
RP. MICA 7£ PC1 b AHE mEf, YA 1 s
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BEA e IR SRR G S T HEHGE 1 AN 5o
AT DLVEEA S A R G R, BRI UE - 183
& (PCD RARFERM 8 NMefE (L. L.
IRV W B E LR . DRSA. ARSA. RP. MICA).
RS PCL 555, HENZRER5), WK 8 B,
SRR, OSSR, FOR KM
TS, AR, TEER
R 6 EMTHAAFHEER R A ETEE
Table 6 Initial eigenvalue and cumulative variance contribution
rate of principal components

ERS A FETHEY%  BRHFETHRE%

1 6.928 86.603 86.603
2 0.814 10.171 96.773
3 0.231 2.888 99.661
4 0.027 0.339 100.000
5 4.258E-16 5.322E-15 100.000
6 1.453E-16 1.816E-15 100.000
7 3.473E-17 4.341E-16 100.000
8 -1.789E-16 -2.236E-15 100.000

RT7 1 EHDIHITERKIR

Table 7 Source of variation for the first principal component

(PC1)

R E % 1 M4 PCL
KBy 0.983
b S 3.0 0.997
ERAT Y 0.958
B R 0.824
DRSA 0.944
ARSA 0.988
RP 0.962
MICA 0.759

&8 BMEMERDEINEEFT
Table 8 Main component score and comprehensive score of soy
sauce samples
%5 HaLth PCLIFS H6RS w50 Hs

1 Za¥ 427297 427297 1

2 #aAd  -1.65439  -1.65439 4

3 Eain  -1.06348  -1.06348 3

4 Kb 0.70172  0.70172 2

5 RiE¥Em 225682 225682 5
3 &g

AHWFFCEILNS 5 FpE AT ISV R AR AT
PEIE, RIBREIERSE. TERETEY. e et
R4, SEGEMIEE . SRR BIRYR . IR
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BRERLAREEE R TR EE S T HR 4 MD
Tl (p<0.05); BREEETESRIIN, BT
DPPH H HILEREES . ABTS HHILIERRAE SALE
JR PRSI R E S T H AR 4 PR G B
(p<0.05); AHIME M HT 4l R E v s e S5
AERYIF IR 5 M Pt s A R 2 5
R, FRmaPT RIS NI R 2
Fy> i SR> IR, Ha By A R iR B W
(¥] DPPH H HZETEFRAE S, SRR B LA AR 1)
ABTS H HESHERRAEIIFIEIR 17; R Hras A E
B ATl Ry R I B G R SR A R T AR 4
PG . AFFCUER 1 R S BT RE SN
TEVERC O FEARER 2 T HAR 4 Fhia G, i e
T 5 M PR T R S PR R PR E T Y
TERFR, TONB G EMPUAMIETERIRAWT FERE 2%
PRSI TR R S AR .
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