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Characterization of the Differential Aroma Compounds among 10
Different Kinds of Premium Soy Sauce

SHI Yige'?, PU Dandan'?, YONG Qianqian’, HUANG Shikuan®, CHEN Hongwei’, ZHANG Yuyu'*"
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Abstract: Investigation of the aroma differences among different kinds of soy sauces is beneficial for controlling their
flavor quality and processing improvement from the perspectives of raw materials and brewing techniques. The aroma
compounds in ten premium soy sauces (CB, HT1, HT2, LH, LJJ1, LJJ2, QH, XH1, XH2, WZ) were qualitative and
quantitative analyzed by solid phase extraction and solid-phase microextraction combined with gas chromatography-mass
spectrometry (GC-MS). The contributions of aroma compounds to the aroma characteristics of premium soy sauce was
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determined by sensory evaluation, calculation of aroma activity value (OAV) and partial least squares regression analysis
(PLSR). A total of 86 volatile compounds were identified in 10 premium soy sauces, 44 of them were both detected in 10
soy sauce. The 30 aroma compounds with OAV = 1 were detected, the 5-ethyl-4-hydroxy-2-methyl-3(2H)-furanone showed
the highest OAV (373~4698), followed by 4-methoxy-2,5-dimethyl-3(2H)-furanone (0~1473). WZ soy sauce had a strong
smoky aroma due to the highest variety of phenolic and ketone compounds. The overall aroma profile of CB soy sauce was
the weakest with the lowest concentration of ethanol (25.775 pg/L), but the highest content of pyrazine compounds
(182.796 pg/L), of which 2,6-dimethylpyrazine was 66.256 pg/L. XH1 soy sauce had a strong sauce aroma and alcoholic
notes, due to the highest ethanol content (147.257 ug/L) and higher phenolic content, for example the concentration of 4-
ethyl-2-methoxyphenol (18240.479 ng/L) was the highest. XH2 soy sauce had a strong malty aroma. The content of 2-
methyl-1-propanol (51.223 pg/L) and 2,3-butanediol (57921.798 ng/L) in LH soy sauce was the highest among others. The
content of l-octen-3-ol (61.219 pg/L) in HT1 soy sauce was the highest. Combination of OAV and PLSR analysis
confirmed the ethyl acetate, 3-hydroxy-2-butanone, 2,3-butanediol, 3-ethyl-2,5-dimethylpyrazine, 4-methoxy-2,5-dimethyl-
3(2H)-furanone, 4-ethylguaiacol and 4-ethylphenol were the key aroma-active components that contribute to the aroma
differences among 10 kinds of premium soy sauce.

Key words: premium soy sauce; solid-phase microextraction (SPME); solid phase extraction (SPE); gas chromatography-
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mass spectrometry (GC-MS); aroma-active compounds
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FEFCBPRIECREHINER 1 s S BE(99.9%) . HIEE
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Table 1

Information on 10 brands of extra soy sauce and their principles and ingredients

FHMAFRERR  FEih A

ERER A BCR

CB IR

LI ZEERIC RN
L2 2R T
XH1 SRR
XH2 SRR
LH EACFER
Wz G At
QH TR
HT1 T A

K, AR B T /N AR, A RN, SRR, AU, DR, 50 RO IR BN, LALRRER,
HERR =6, BRI, AR

K, AR N AR S S, B ORMBY), NEZ, /Ny, FURDRE, A RN, SRAHEIR, B Ry, SRRk,
FUIR, 5™- BRI — 80, (NALRR B, = Siehl

oK, AR B, BOIER, /NS, SR, SRADHIEN, 45 2R, WY, 5° -2 WA H IR — 40, = SUEnl
oK, ARG R, B, /N2, FIRDWE, A5 RN, IERERh 3y, 5 -JUH AR — 4, H s
K, AFCREPR BN R, AR, /N, VDR, A 2 AR BN, RS, 5 -WUHmR 40, H iR — o, = Ueht
K, AR BN R, /NAE, B FHER R, FIRDHE, 43 2 AR A, IR, 5 -WUHTR 8, = SOREHE

oK, ARG RS, ARFSE NG R E, /N2, BOIER, AR RN, ISR, DA, IRk i,
SRR 40, FHGIR N, H H AR

K, AREFERI LR R T, /N | A RN RN, BB, SR IR — 40, 5 -WUHIR 4, =S
oK, AEREIER B T, IR, /N, D, A RN, IR B, 5 - LR R — 4, 5°- SR DRIV R —4M, =50

HT2 HERAR G K, AR B T, fr R, /NG, B EIREN, DR, RIS, 5 -SRI IR 4, 5 -WUTFIR — 4, R R, =S

2,5- " H L4 B -3(2H) - IR IR ( =98%) 43T
2%, Sigma-Aldrich (£ FE HyH G ) ; 208 218 (58T
) | 4-ZF-2-H E IR . C6~C28 IEAEREIRTR &
YIEE( = 97%)  {ai%ek, Sigma(P[E, E¥#E); Jo/K
FLlREM (99.9%)  43HTe, EZ5 R4 A FR A
") (FPEdEED); 54 FRESHRET 74 Le Nez duVin®;
A Z(99.999%)  JEETRUR K&k Tolk SARA BR
NCIR

8890 GC-5977B GC/MSD < AH {7, 33% - o7 1% ¢
A — 5 — A SRR . FAETEEBGECK (85 pm
CRA/PDMS) . LiChrolut EN [FEAHZEECME 2246848
FHEA BRA ] T-403 TR db st RME SR
BHEA PR 7] EYELAN-1100 fighb25 kA% A ntit
A B AR =04t BF2000 2 Y db et/ \ 5 k2o f)
FA R F]; CYLDZ-6 43w sr a0 R dbatE
HEEL A sk AR
1.2 EWHE
1.2.1 TZS FEAHMF B (HS-SPME ) 75U 43 5B
Bt 4 mL FEIHAEES A 20 mL SPME & AR, Jn
A 0.70 g NaCl., FEShAE 45 °C K3 I #4GF fi5
20 min. FE/EFEAREIHRE TR FHZEHGCKL 3EF 7 Tias %6
HY 40 min, ZEBCEKHEHRT 250 °C f#T 10 min, SR
ik vh A or AR =P B 10 pl 2-FH 3 -3- 5 1
(0.10 mg/mL, #FIHHERL) . FTA RS EERE =K.
1.2.2 [FEAHZFEBU(SPE) FSSAT A E B 30 mL #
WLL 1:1.5 Fefil 45 mL & B EF T IR A B .
JIMA 30 puL {R& WNHR(2-2FEE, 5.00 mg/mL; 1,2- 54
A, 5.40 mg/mL; 2-H JE-3- i, 4.60 mg/mL; 2-+|—
JEli, 4.00 mg/mL) T3 I <1, BL 290 YK /min [
BRFEAL 10 min, FE LI IR 2 ko A TJG/KHL
BREN T —18°C WV RIIRF /K . 25 C HEZRIRAE E L
3~5 mL, #R)5 56k SPE /MES35IH 10 mL FHEEAN 2
BRI . B4R SR EC L 2 mL/min (%3 i
if LiChrolut EN /M3, 3 mL & FH Be B A L 1o,
R, BR5EE T A 0.22 um A HLIEREE M6

Hh, FAIRHAE 2 | mL. )5, XIRga IR T4 &
PG 53T . ITAREREE R —IR.

1.2.3 JEVET MK =HSE T 8 [ ToLR | IR
VEIEH VEBCE VR NG, PRI N BV — S 2%
B g, HBAGE B OAR PR IRCE VR O vk
(Quantitative discriptive analysis, QDA) ., B JGiLTF
Pr N BVBGEI TR 54 A& (Le Nez duVin® ),
R i 30 3o ot B AT L 388 AN [R5 AR S A TP
YR, BB IEAA TN BEN LR S A A PP A G2 3F
AT AR PP BT U0, 38 AR AR TR A R A
THEE RPN/ INEH TS, B2 I 7 Fh s SARRE:
Ve | ST RS B O AR A TR
o TE 25 °C 5T, ¥ 10 Fhege &y 2e e ok
FEIHIEREP A (10 mL), HXTHRPEBEALARAS 3 375X
Fo BERITFM A BUE 7 450 TG RREATIRE ST
53 (1~3, 1#59; 4~6, HHa5; 7~9, 5550 .

1.2.4 GC-MS 43tfrs&ft

1.2.4.1 GC % iftl: DB-WAX £ 9 B 4l k&
(30 mx0.25 mm, 0.25 um); FHEFEF: EIEEE R
35 °C A%3F 1 min, L 4 °C/min B3 [T} 100 °C 5
PAFFE 1 min; 2 °C/min 3 % _ L FF % 170 C J5 PR ¥F
1 min; 5 °C/min 3# % [ F+ 2 220 C J5, £AFF 1 min;
# <. (He, 99.999%) J7ii# 1.00 mL/min, JE/J 2.4 kPa,
SPME R Bk #h AR 4397, SPE 439 Eb oA 20: 1, #EAE
& 1 uL.

1.2.42 MS &M IS BT HE T BT
ikt 70 eV; B IRIE 250 °C; B T-URIREE 250 C;
JE RO m/z 35~550; $3AREACh 4TS TR
SCA AR VRS o

1.2.4.3 EHEEESIT EHEE I GC-MS 3
PELEXT NIST 20 R FE#H TR R . fb Gtk
FHELE: MS B )22 . PR B8 F6%X (Retention index, RI) .
PR . RIFSAENANTF, FEAER 32514 T, LA
B RERE (Co~C28) IR B I [a] bR, 1T &1k &
I RI 8.
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x 5 B I V) 7 HHS 08 A0 T 4 e A28 B 5 T A5 1,
iy AP AT § A i1 SRR IE T 1 T R e 1
FAITE]

FEGESIHT: SPME 43 BT HURESh LA 2-H J-3- B
Sk AR, SPE 43 HT AR 543l L 1R A AR ST, dl A
£ 1 0 T B PR A, TR R N A RS R S Y
ErE

OAV Wi ¥ ARSI R &85 HK
HR BB A ELAEDS- 23, Hidr OAV = 1 B e R e
BEAE B NJBIN S AL S, XAl g 7 AU
HEETHR, H OAV (B STRkER .
1.3 BUEALE

% Microsoft Excel 2021 Gt A& Fn
T SECER, S H Origin Pro 2021 (OriginLab Corpora-
tion, JE[ED) #l K155 QDA HiZk. FYHSHFE
JE A AH S 43T R A XLstat 2018 ( Addinsoft, 4124,
S D) FHA T e /N 53T (PLSR), Horr X 4B HE 2k
T (OAV = 1), Y AL B ECHIGRIE .
EMESIHT(P < 0.05)KH SPSS 17.0 k{4534 (Duncan
test) .
2 ZERE
2.1 10 MHFREHREITNESR

HEN 8 HBE PP N R BEIE X S) 54 Fh A<
FHIE, IT HXTBED LI 197U BEAE T M A G
PR S ZAH RO B b o AR TS0 v X B L
SRR TT o R E PR B AR HE R 22 7E 20% LAY,
& BCE PP N YT e AR EN Y. QDA S B4l
aniEl 1 R, TR AR S TP A R B RO,
VOB | PR | By . R A2 207, s
ARG B e 55 o XH1 Fa 7 %) 3 3 RN 19 58 5 B o5
XH2 #0922 28 8 e ot ; WZ 3500 09 £5 B R
A Aeom, HREF RS XH1 —2 LI 3R
T 5m s QH H& Il 1% 7 fe o, 22 28 75 Al 7 e 59595
CB F i i B A 55 5 LIJ2 il i AR 2B 5

Bl 110 PR IS B IO 4R

Fig.1 Sensory evaluation results of 10 brands of

premium soy sauce

59; LH BYE B H5S; XH2 1 HT2 MR & 55 o
22 10 MFRERIEL TSRS

10 FhF LRI 86 FIE R IHER/ILGW, 59
JRE I ELS AR 2 s, CB ¥l Pk E2ey)
J & i, S 182.796 pg/L, it 2,6-— F Lk ik
7 66.256 ng/L, Z4E R S5ECE MR —2 B
CB ¥y fom . MRS & W7 & gt f v
30 1L 2R 1 SERAE RN AN B R e =2, Hok
BESZVFZ2 2R 520, AN & IR RE R TR R A4 . itk
S, N AL S W O I B B O Y B AR R
30710 R il BB RGN T R R, A
W, PR S P A S Y R BRI TR Yy
B RE R o BSR4 AT DA s 3 v g XL
BRUS 201 Ay R R AT EH S I nT 3SR P 22 28 L £
BERIAEIRAT s | ARSI R Rh e, BE2s | Ik
FIBSE IS A=) o e B8 T By e s &) al i b o
ARG e T R 1) [T DRl v ) R RR

XHI1 #3212 (28657.455 pg/L) & B o
P IR R 2R R 5 R, KR F IR A
FElS) HE ) S B (47356.009 pg/L), Hidp 4-
2 PR FEZR M (18240.479 pg/L) & N RA AL
mh PR o A A R Fl i CR ) 76 & et 7
A ) PRI PR R AN FR LS H IR TE 1%, WZ #%
AL S PRI £, 25 R S E PR s Xt
R, BY WZ B XH1 #6704 AR 28 i 8 e i o F2e b
B EZORIEFIEPER N, Horp LH #l i ER2E{l
B R (19135.535 pg/L), 5 HEAG S iy
A —2.

5 T iy 2 ik A, XHI ¥ b g2tk &
(13986.445 pg/L) WK &, LR OBE & =R
199.011 pg/L. BRIEAbG43E & B EEAIR 1 BE 1k /2
RireAs . BEIS SR AR BT R O, 2 R
R AR B R o AR TR ER A AE T
Y, HEERRITRRAE EL R AR DT B A A T Zaid A a]
TR R PR e A i

XH1 FETHEEL G5 5 =1(146664.28 ng/L),
b2 P AR, B SR E VR B R B i s
R—F, CBHiiPEES Eix/b o 33305.645 ng/L,
ZZE SR T A FE R BTk KR 22 500, LH ¥l
STEE(51.223 pg/L) AN 2,3-7 #E(57921.798 ug/L)
TR TR S R Y o e . RS IR
BT B, 29l 32 AT LA F BN S 4 sl O A e e ik i
AR 2 BRI R T R P A A S 2 R A
Ehrlich #4255 o-FRBR MR 5 Z P2 allPo, 2/3-
FH L TR DTRR A 2R 0 SR R, Horp XH2
Feh Ry 3-F 3L T RS S L (4.012 pg/L), XG5 R
SECE PR Al IR — 2, B XH2 # i  22 2E S
ik CB ¥ &AL G R e e A LR I 2 62
Fil, XH1 # il & SAb S R s i £ oy 75 B, 1%
ZE IR SIRE PPN S 2K, CB ¥l i 3R FEC
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Fig.2 Correlation matrix of the aroma compounds to the aroma
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attributes among 10 brands of premium soy sauces
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Fig.3 Heat map of correlation coefficients of 15 aroma-active
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Table 3 Aroma activity values of aroma-active compounds in 10 brands of premium soy sauces
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