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Separation, Identification of Umami Dipeptides from Soy Sauce and

the Study of their Taste Characteristics

Abstract: In order to determine the structural sequence of umami peptides in soy sauce, the umami peptides were separated by
ultrafiltration and Sephadex G-15 gel chromatography, and identified by ultra-performance liquid chromatography tandem mass-
spectrometry. Furthermore, their taste characteristics were also studied in the present manuscript. Four fractions (F1, F2, F3 and F4)
were separated by ultrafiltration (membrane flux: 5 ku, 3 ku and 1 ku), and fraction F4 (< 1 ku) with the strongest umami taste was
selected by sensory evaluation analysis. Then fraction F4 was selected for the next separation, eight fractions (P1, P2, P3, P4, P5, P6,
P7 and P8) were separated by Sephadex G-15 gel chromatography. Among them, fraction P2 showed the strongest umami taste. Then
fraction P2 was identified by ultra-performance liquid chromatography tandem mass-spectrometry. There were four new umami
peptides were determined through De novo sequencing. All the four peptides were dipeptides and their sequences were Asn-Pro
(230.1135 u), Ala-His (227.1026 u), Gly-Pro (173.0929 u) and Gly-Leu (189.1230 u), respectively. Through sensory evaluation and
electronic tongue, the four synthesized peptides had distinct umami taste or umami-enhancing taste. The further research showed that
the umami taste of soy sauce was not only derived from umami amino acids, but also from some small peptides which were the
important ingredients that contributed to the umami taste of soy sauce.

Key Words: soy sauce; umami peptides; separation; identification; taste characteristics
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SR IR 2 — 2R RES TR b B SR AL £ S AT KUK IR, B AT DAGE B BT, PR R RS, MY 2
FRET AR, R R — AR S SR A R RS AR SR AT ), b A0 B R A B S th B vk . 7 e
R KA T, R T A 25 56 24 P SERRIK (I AU R 32, 2R A R IR B 5 Y amasaki V5% ki it i
HES A2 4t il I A R TR E /K VR b 23 B A A A5 20 ) — A IR, G % e — 45 /2 Lys-Gly-Asp-
Glu-Ser-Leu-Leu-Ala, &EE PPN 45 R EWIZIKEA RIFHIEMR . BEJG, BB AT EERIRHEAT 1 K&K
BEF, w0 YoV X A (Bombyx mori L) R FIRHRY ) B8 4405 i DU 4 LA 0 vk R 0 v 189 o 1 P
IR, 2358 VPY. TAY. AAPY M GFP; RATERTIAB @ AL 4 M (Arachis hypogaea Linn.) B fi
PEIEEAT 43 B A AR FE T 4% FL A R M E R B SR 4 T (k. 2> %2 EGSEAPDGSSR Al SSRDEQSR;



IO s ] FH o T HE RS S0 R 7 il ( Takifugu obscurus) UL AR SR, 585 43 B 4l % 5 95 4% B
HEERIAL, 2 5l/& CALTP A1 RPLGNC.

THWEREE, O, B, &, B 5%, P RUEERE AR . AR BT RS R
BT, BEOT . AR T R AR b AR W B S R T AR KU A B 2 ) e e vk O
BRAL AT FBOS ISR B, Sl b S B0 M = s, e g e b R e vk S SR R TR A B B R R
At FE o R PR AE T S R R (WA ERES) o Wil R ek IS B SRR, WFRR .
B, —REMRAREF. TWERRARER. MREFER. UOENERS . JOmNME Rzl BRIt b, BF TR B e K
T o A R IO % AT ARt LA R RD G e Y, T e R A AR, (R HAt LB R )
J CUnRoRg DA S A% B IR D A S 35 1) W [R) 38 2% PE S () el o i T 3 v b AR 1) 0 R e v SRR RE G,
Zhuang VA7 5 il b2 8 % 5 4% B REMRRIIE 1 T K, 2 52 EQQQQ.AQALQAQA . ALPEEV.
LPEEV fll EAGIQ; Frerot! 457 ¥ i v % 5 ! f) pED. pEE. pEP. pEI. pEL. pEF, Kaneko! 247 ¥ i
Hh % I pEG. pEQ ¥ HAg ik,

N T PR FC S P FH % il v DG B AR R 1 SRR, ARG e ) FH R 40 B A R s e ) B R XS
T P EERR AR IEAT 2> B, B G 5 5 RO T AR FE TR A Al o M ik s R A O A 4y, 18 I v R YRR £
KPS R (UPLC-ESI-Q-TOF-MS/MS) XA R AT %58 . e, K Z IR & R & i 2
F R R, I8RO VT E DAL AR [ AH A R 2 AT IR PR T . W AT AR DY 2%
TR G EER AR (BRERMARLRARR) , 3% R4 B EERE R sR N, /NI
TR i R I T B R > 2, AR T 45 AL R ) B — AN B A R R R R (KR — B L
W, EEERIE A — i B — A R TR

1 RS

1.1 FEHR

o sen Y, BAREIR T KE 1R 2~ 128 8 h—78& 20 min—J1 0.05% i 25 i
AR B EK R — 55 T B 7240 R i — 5597 44 h B B0 RGH— I 20% 35 7K — N Ok B K 9 — K% 90 d 1521
WM. PR BERE. DIEERE . MRS, SER BT R RAEEYRHT A IR A A $EML; Sephadex G-15 KB T/
PHPE I SR R GG RA T CIEMF R NGRS, HARF 5 .
1.2 FEMNHEH

TR AL204 Y, i AR 0 R 2420 AR TEHL: SCIENTZ-12N Y, 8 2 Ak
AR AR; PlAERA: KDH-2C B, Filg4ai @A RA R HA: KDN-40 Y, FigHss 1
HIRAF; WAk RE-52A &Y, Bl oRAAAER) s HUENL: ZIMP10-002 A, & MilliPore A
H EEHZNEIER ST A300 B, fE[E MembraPure A 5] ; = SURAH LG : Waters600 B4, 35 [F Waters
NEs EERRE AT 1290 B, SR Agilent AR M S HE CATH AR : maXis impact Y, fE
Bruker A@]; HTH: TS-5000Z %, HA Insent A F.
1.3 RT3+
131 &a4z. A5 A+G A4 =490 <

A R E R E R FRME GB 5009.5-20161"; #5558 (30 52 5 E K AR1E GB 5009.42-2016!";
+G 5 &I E KA HPLC %7,
1.3.2 KRR KB B H RN 2

TR AR TR Je i 5 R R R SR R R R 0 W AR AT I 5 T A T o R R 6 7 9 2 R i kL A e ™)
7%
1.3.3  #h Sk ka9 AR 8

K F MilliPore #UE R4 L B > T8N Skus 3kus 1ku HOEUEIEHEAT 20 B . 6 il 7688 D8 AT 2@ il e
B AORACRAR, I8 7K 53 B 28 R E AT B R O 4 B R4 S Tt SRS B Al AR 4 S 1 T



B2 BN 1%, Bk a5 E 208 Ska M, BEEESWEZPED 3k Al L ku R, 408
M. EFEESL, RE 4-8°C, KJ10.5MPa. 73 a3 4 M. >S5ku Hr. 3-5ku A, 1-3ku
HoF<1ku sy, alans N Fl. F2. F3 Al F4, B HIRGEA G TR A, %47 T-20 C&H.
1.3.4  # b sfek Ik 09 B2 AL R B AT

W 2R I 4y B Sk B U B 2040 PR FE AT 3 1, 28 0.45 pm K AHJE I €5, SR Sephadex G-15 %t
REMT Bl . SEE&M N B (1.6 em x 70 em), BEBOBUONEE4IK, LFREE 1 mL, W 1
mL/min, WK 220 nm, 43 HICE B ZEHT 4 500& (P1. P2. P3. P4. P5. P6. P7 F1P8), ik
R VR T BN R, 617 T-20 C&H .
1.3.5 #Hmhsiskkey L

S WEAE ) Zhao! V5 7513 , ¥ 22 IR 2 M 43 B 45 3 F Wk e 47 (9 443 P2 #E4T UPLC-ESI-Q-TOF-MS/MS
Y5g, MEREIRIENE A S E 2mg/mL. ik Acquity UPLC HSS T3 #£ (2.1 x 100 mm, 1.8 um) , L 0.1%
(VIV) HRR-KIEBAENRBIAE A M ZIEERAERRENAE B S T8N, s B ER3IAH A FEL 0.2
mL/min [J3EFH . PelAEEEEN: 0~2 min, 10% B; 2~10 min, 10%~50% B; 10~13 min, 50%~10% B;
13~15min, 10% B. N 30°C, #AEAEFN Sul, PEMAE N 0.2 mL/min, KW KA 220 nm. K H
HIE 25 B U (ESD fE IR PR A, FMHAEI8 1.5 Bar, TSN 180 °C, TR HHEA
8.0 L/min, Jififtt (m/z) HAVEHEIJY 50-2000 u, FHARHME —RFE(E 5 58 % B SE AT 6 AN B 147 Ak
FHES M (CID) RS it I %dE . KM Data Analysis 4.1 %44, #£47 F-5) De novo Ml 7, fH&15F
149 22 JIK P 510 7 376 e 00 o ) o o B BR B T B 10 R R 2 940,002 ue
1.3.6  # i & S5k 69 A A%

SR FH 2 TR AR A BRI PO % 5 45 B U B S K 1 SRR IR AT S, IFHEAT AR b B, (LAl KT
95%, ZHE LifFHE/RAEMA R AT G K.
137 REFE

JEVPE TR N 23 £ 2 CHERE WM 11T, 10 AW E I NG (555 5 &, F#g 25 -
35 B 208D . BR B T BEL BIFRAE SN N 0.08%FT R . 1%EEHE . 0.08%MIMHER . 0.35%MFE + 0.35%
R LAX 5 BRI BIENIR . Bl 75 BE. BURIITFNbRAE S, SRA 10 sSZRMEARKR, DAARTESCA 5 45,
W o — LR S T 0, JE—BERRAR SR T 10, FLEBIES A5y BHENT S0 BRI ERERN
5mg/mL, H&EHIEEGEK G SRR —IKE. WM AN (4 1mL) 7 ERE &%, WHhxE—
ANFEM G, VRO R T EAE A A K O AT N — AR B . TR B, W BE L RUAEEAT BB VAT,
Sy M BRIk B AT AR R PO,
1.3.8 ®©FFM<

SR 2T 7 PV 7, IR T A UK AT R SE VR, R R A B B Ak g R R R A
WEN 1 mgmL, BTHFELTHENAS, TEERFZETETEEXE. PRERERER. 8. 5. 8,
R, HFRAE S 5 0.03 mg/mL (AR . 300 mg/mL FEERE . 0.03 mg/mL AIMMMER . 1 mg/mL Wk
A1 mg/mL & E. WEREFRMEN: BIFEARET 4 IKRE, BIRCRENEIN 120 s, BIRRELSK
J& VAR SE AR A O AT PRI B, A DU ot B e IR 4% BRSS9 1B AT 20 B A U
1.3.9 FIESAT

Fr MR EAE =R, BRI 7 2 08 K H SPSS 14.0 4 1) one-way ANOVA (SPSS Inc., Chicago, IL,
USA) Giit o fr i A dh 47 58 73 #r

2 HR5WE
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O3B R BN Ay B A A, NURT 2 A T AR R RS R DA R IO SRR 4 B ik . RRRE S 1)
MAKYGEIT S kus 3 ku AT 1 ku FRBIERL S, 2315 8) 4 N5 (FL. F2. F3 fIF4), TR AS
FREEETENIRDAZER (4G, EATN 7 SH S MR E TR R R, MES —&HrEE &
(5 mg/mL) KIEALE, Zi—HBETEL G & (UHEE. +G ' NH D NiEr) Fd TR E
e, SRWE 1R, WE TR RUEH, SR AR 2R, Hd F4 Ao ek ag, Hiky
BIR F3 A5y, F2 H0F FL 44y, %45 B 5 Rhyu P S0 45 BAEL, KBRS HRBUR T I/ Tk (43
TE N 500-1000w) HA BRMEERERE . AT HAB=ANH 0, FLA SR R T, XA RER N
T b S AR Ko T RPAE R, Vi 2 85 RN 5 A 1T 36 B A8 B 8= i B AT 9 R A R
B R PVESE IR AT R L T 3 ku (KIREIKAS I 0 0k B — R Tk BRILiSE B4 AT 2B
] Sephadex G-15 Bt 7 &5 o
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Fig.1 Taste characteristics of different soy sauce fractions separated by ultrafiltration

2.1.2  BBEATES B b sERIK

SR BRI, B RS L3 T 00 10 B B . BRI (0 (A B — SR R K PR 2 AL IR,
R B RE Rt T/ TR EE S AW AN BRI AR, RN TR AME RS SRR, T H
SRR AT NI BE A BAR DK, FT LAy 7 BN O B AT B AR Be it R PR IS T th s 1 K7y
TR AT B A R I () BB B e DR Bk, TR 3 40 B P RCR e BRatb A, AR R A A i
FRIE B A AL [, TR 7 B A R AZ AR B AT o a0 B 2 s, FA A0 VR CElR 2 5209 100 mg/mL)
SRR AN 88 53k 8 M4y (P P2, P3. P4, PS5, P6. P7 Fll P8). 7EXE Fiskiath, T Ps-
P8 MM EEMREAR, HAEMEMEAE 0.1 mg/mL WKREEN HERIKIHH2 R, KA RARE LR T ATE
JEo G — PI-PA AP EARE Smg/mL), HEEL I+G F& (UEHEE. +G SRR AT AIER)
M FHMTREVEE, RE eSS RE 3 fon. Hh P2 A8kt s, PL Ay Hk, 1 P3 A
P4 IR sE L TC R EVEZE S . BRIbZAh, BA I BB SEARLR, W1 P1. P2 H PRI, R
AT R AL 59 HSA &0k {H P3 A1 P4 150 ) T e Ak s i, Herb JBOR A 0 MDY AN AL fR K i e 2
RN B AR AR (R 1D W, AU B % H o 1 BRI R, PL A P2 A by Ea
B LA R e R A FR AN SRR PR R R, X W] RE A AT B B R 1 £ R R . (HASIERKZ, P14
A RN RLAR G B WE ST P2 40 (p < 0.05), {H P1 A MERIEZEG T P2 Ay, X
VL5 AL (0 SR 5 S TR AN 58 A UR T B DR R R & e, 3R 1 WI 1 P2 410y R K R IR G B R AR
KA IR VLRI B 245 BRI 350 AL T 0F dh 2 v, 3100 B 25 470 v AR R R AR o s ok R A S A 1
BATIAS B Bk o 5 FAb R ) 5 72 A B LR 0 o SKEE 5B POE R A A AR AN R P 20 4y B 4
YR BIRAAEE R, Foh Y 40% 3K B 2B AL B (R4 6 25K T A0 T v 9 0 e R S R PR R e, (ARG
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Fig.2 Sephadex G-15 gel chromatographic profile of fraction F4
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Fig.3 Taste characteristics of different fractions separated by Sephadex G-15 gel chromatography
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Tab.1 Contents of total amino acids and free amino acids of different fractions separated by gel chromatography

IKAREHRE (mg/g)

WEEER (mg/g)
5
Pl P2 P3 P4 Pl P2 P3 P4
REHMR (Asp) 88.10 + 0.20° 77.73 +0.04° - - 7730 £0.21° 1593 +0.11° - -
2 (Glw) 201.19 + 0.48" 180.43 + 0.32° 4.66 +0.14° - 109.08 +0.17° 14.38 +0.09° - -
3 (Thr) 18.71 + 0.05" 19.99 £0.11° - - 2.10 +0.25 16.01 £0.32° - -
% (Ser) 38.80 = 0.33° 36.93 +0.08"

- - 2.08 £ 0.05" 33.70 £ 0.19°



FIER (Met)
#ER (Lys)
&M (Pro)
AR
it &

it (Total)

% (Cys)

% (Tyr)

30.35+0.11°
2421 +0.13"
27.90 +0.02°
35.18+0.18"
60.25 +0.08"
50.98 £0.11"
19.34 +0.20"
30.09 +£0.17°
54.59 +£0.23"
55.19+£0.10"
9.53 +£0.34°
22.12 +£0.02°

766.50 + 1.61"

28.73 +0.28° 3.94+0.18°
23.83 +0.10° 2.05 +0.02°
28.00 = 0.04 6.52 +0.05°
33.09 +0.19° 12.97 +0.22°
58.08 + 0.24° 32.49 4 0.32°
4339+ 0.30° 318.74 + 0.47°
17.41 +0.16° -

113.12 £ 0.45°

5.94+0.02° 12.61 +0.33°
41.55+0.15° -
47.36 +0.13° -
535£0.16° -
21.57 + 0.30° 11.72 £0.10°

782.53 + 1.96°

405.70 = 1.13°

202.12 £ 0.69°

295.69 +0.91¢

2.89+0.11°
1.03 £0.02°
1.88 £0.09°
2.74+0.21°
4.49 £0.26"
7.21+0.01°
26.17 +£0.41°
6.12 £0.32°
33.44 £ 0.05"
3.72 +£0.20°
2.93+0.12°

283.17 £2.02"

16.49 + 0.24°
22.52 4 0.02°
26.79 + 0.05°
2622 +0.14°
41.64+22°
0.93+0.01°
831£0.11°
3539 +0.28°
227+0.16°
3.61£0.01°
24.89 + 0.45°
3.44 £ 0.20°

29252 £2.21°

1.60 £ 0.16° -
3.29+0.13° -
7.07 £0.23° -

65.46 +0.41°

4.65+0.32° -

2.25+0.02° 170.59 + 0.15¢

84.32+0.67° 182.34+0.36"

vE:

22 FHd ek EE
B T YRR (0 B R H R (UPLC-ESI-Q-TOF-MS/MS) A4 48 15 R A o i e A L Hi 5% 55 v B0 4
RS FRAE AR =AY, R0 S 04 8 %5 ik, B mRl. Bk, R0UE m s AT
7 e YRR B 1 45K (UPLC) & —Fh A8 1 20 Bkl i, s 1 /NBURLIERL K R G FR R PRod A I 57
BUEE AR mmEE e (BSD 2 i B HoR, AEm B0 T8N 10-10°u & AR, Ik 2ty
PEECH BTG Bl HR (MS/MS) 2 FI H HL 37 FIRE A 44 18 2 1 B8 73 e AT A% b 23 3 5 R4 s DU
7515« AHH 5K H UPLC-ESI-Q-TOF-MS/MS Xt P2 24y it 473k — 4y B f 2 Bk &5 My 46 5, B Bhoxd o i £k
i 3E1T Deconvolute G FRAREE, 16 € — 5 ik < i BE RS 704, SR Data Analysis 4.1 844, #4753} De
novo M7, 153 E I F 5N Asn-Pro. Ala-His. Gly-Pro A Gly-Leu VU%% —Jik, EMINFEZL (m/z) 5
BilZ 230.1135 us 227.1026 uv 173.0929 u A1 189.1230 uo H 2% 5 vt E Wi FE 4 Fios .

Intens

370.

+MS2(230.11138), 18.3eV,3.0min #626
+

Intens

“ FoR AR AT ARfTRE R BEA R EEER (p<0.05)

822.

+M52(227.1027), 18.2eV, 5.8min #1228

x104 x104 1+
196.0609 B 1501 116.0711
3 1251 A -00007
N - 0.0006
1+ 1.00 14
24 171.0771 84.0445
075
¥ b 274026
1] 116.0712 213.0873 0501 14 .
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Intens. 1556 +MS2(173.0927), 16.8eV, 2.1min #434 Intens. {g35 +M52(189.1238), 17.2eV, 5.9min #1246
x104 1+ x104 1+
70.0652 86.0965
4] G-0.0009 —¢
20.] 132.1024
G +0.0003
34
1.5 1+
1120763
24
104
1+
I+
173.b929 143.1184
05 4 14
1+
84.0811 1891230
00 T l T T i T T T xl T 0 T T T T — T T T
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#: AR Asn-Pro I RS Rl B 0K Ala-His M =405k C 43 Gly-Pro M =45k & D 18 Gly-Leu =i &
E 4 SRR R ERIERE



Fig.4 MS/MS spectrum of synthetic peptides

23 Hil BRI E R RS

DRI DY 2% IR S e, R [ A B B2 20 )2 B DY 4% R I 45 v SOBURH i vk ok FLdE AT o) B Al
b, SR Al IR 95% LA 1o X I DY 26 DK B S B AR T LA A ) o B R T 2 AV R 11 2% B U s AL T
WS R (R 2. BEIFN AR, Asn-Pro FIEEIRGRIE fe iy, 1F4r1A 3.84 735 KON Ala-His (2.90
55) Al Gly-Pro (2.72 %), Gly-Leu BERRETS (2.55 53D, [R5 il 5 A R 7 100 s w52 0 Ay 226 A 220K
U1 Asn-Pro [F] It B A B3R R (4.05 23, 1 Gly-Leu M5 H (2.55 73D« H A Insent 24 & [ TS-5000Z
HE, 7 R TR S B S O AT BEOR VA, R RN A e . T E R E s =
ik Asn-Pro ELAG f o BEE SR E (7.65 4), HIKN Ala-His (4.09 43). Gly-Leu (3.94 43) £l Gly-Pro (3.88
), ZHEEFMEN BRI A, 2K HHADEE ARG RAE B 75 50 AR, 40 Ala-His Ff 58 B2 W R0
Gly-Leu M3 R, B HREIFE 8IS BT HEBEEHYE, UURE TR 7 7E 2 IREEASBER o 17 J7 TH
BAB M EE.

AT B A T R AR U £ R AU RS £ P RV T, SR AT S S8 0 R, 4 SR P AR AR R 2
T #Tik (TDAD FECIBEARFG B AT 4317k (cTDAD 43 BT B F0 6 1o ] R0 A0 498 £ Rl {2 o 3k B0 2 4R
LR DL ERE VR R BRI S B 4K T SN B e GEZEAKD 25 i Bk 1 i )
BTG 22 LB R PR B2 BRI RE Fh I 300 mg/L ) MSG ¥ HH 552 ARES: (300 mg/L 1)
MSG ¥ 1) 22 70 1 5T B B o DY 25 ik Ala-His SR B 541K, 298 MSG SR B 19—, 9 160 mg/L;
H AN K Asn-Pro (175mg/L). [RINY, DU S8y SR IR A AN [RIRE B2 i 38 6 i g, JHG v G B ) A e K )
J& Asn-Pro, 7£ 10 mg/L B 5iAEXT 300 mg/L 1) MSG ¥ S 51 &5 2% 1 e ik 18 5im 4 1 &

R2 ARBNREITSHMEFEITSE

Tab.2 Sensory scores and e-tongue scores of synthetic peptides

EEE TR
FEdh
(7 i) S &k fi i3 i} i 24 fi
FRitE 5.00 +0.00 5.00 £ 0.00 5.00 + 0.00 5.00 +0.00 5.00 +0.00 6.63 £ 0.00 25.85+0.00 30.22 £ 0.00 20.16 £ 0.00 9.97 £ 0.00
Gly-Pro 1.75+0.49 1.75+0.49 2.17+£0.71 1.25+0.35 2.72+£0.39 -23.28 £ 0.65 19.59 +£0.44 11.63+0.10 -17.13 £0.27 3.88 +£0.29
Gly-Leu 1.80 £ 0.40 1.40 £ 0.50 2.55+0.51 0.75 +0.53 2.55+0.51 -28.50 £0.79 21.65+0.72 15.62+0.61 -20.45+£0.49 3.94 +0.46
Asn-Pro 1.50 £ 0.45 0.70 £ 0.47 1.10+£0.32 1.80 +£0.42 3.84+0.42 -30.41 £0.50 10.64 +£0.34 6.76 £ 0.06 12.17+0.15 7.65+0.15
Ala-His 4.05+0.55 1.60 £ 0.52 1.15+0.34 1.35+0.63 2.90 +£0.32 -17.58 £ 0.41 18.56 £ 0.39 8.07+0.23 -5.30+0.57 4.09+0.24
3 ALK EERR S 1B R 18 6 A
Tab.3 Umami threshold and umami-enhancing threshold of synthetic peptides
b R RME (mg/L) HEEEE (mg/L)
Gly-Pro 430 35
Gly-Leu 350 28
Asn-Pro 175 10
Ala-His 160 13
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Fig.5 Sensory evalution of synthetic peptides and their artificial amino acids solution by the same quality
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