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Abstract: In order to determine the structural sequence of the umami peptides‘in soy sauce, umami peptides were isolated and identified

for systematic study on their taste characteristics. Four fractions

flux: 5 ku, 3 ku and 1 ku), with F4 (< 1 ku) having the s

1, F2, F3 and F4) were obtained through membrane ultrafiltration (membrane

mi taste based on sensory evaluation. F4 was then selected for further
separation by Sephadex G-15 gel chromatography' to generate’ei ub-fractions (P1, P2, P3, P4, P5, P6, P7 and P8). Among which, P2
exhibited the strongest umami taste.in sensory 'analysis. P2 was analyzed by ultra-high pressure liquid chromatography-tandem mass
spectrometry. Four new umami peptides were identified through De novo sequencing. They were all dipeptides with sequences as Asn-Pro
(230.1135 u), Ala-His (227.1026 u), Gly-Pro (173.0929 u) and Gly-Leu (189.1230 u), respectively. Then, four peptides were synthesized by

solid-phase peptide synthesis and analyzed by sensory-evaluation and electronic tongue analysis. The obtained results showed that all the four

synthesized peptides had distinc i taste or umami-enhancing effect. Further studies showed that the umami taste of soy sauce was not only

derived from umami amino acids su s glutamic acid and aspartic acid, but also from certain small peptides (which were important
contributor: thewami taste of soy sauce).
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Hor A<l ku Hor, Sraldnt A F1. F2. F3 #l F4,
P HIRARA R T IR A, 7 T-20 CH&H.
1.3.4 b SEok ik ey st R BAT

V4 25 R Sy 2 B R g e P 2H o T R JE T 4
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10% B. #1430 °C, #AEAARRRA S UL, BEMiiE N
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Fig.1 Taste characteristics of different soy sauce fractions
separated by ultrafiltration
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YT AT TR e i Sk FAg B ) e s 1K 40
TN AT LA A 2 AT RS R S ok, A
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& 2 B, F4 H 3R CGEE E & &4 100 mg/mL)
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PRI, HAESHEMETE 0.1 mg/mL KL
RAKIHT2r 9, BRI S B B S B HHAS 155
YEGE— PL-P4 LAY 114k (5 mgmL), 4785
i (LIRS, G SRR MED %
PR TR E VRS, e RN 3 R, Hf
P2 AR B, P1ZHpELR, 1 P3 AT P4 4
IMEERORPETC M 2 o, BRI AR A A L
FAIEATEE, i P1. OYRURIIE., RN
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b, Eﬁwﬁ‘%?ﬁo PGS (I 7K S SRR AN
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AR I BRI BRI, P AL

BARABRAMREADZR G EHEEST P2 Hy (p<
0.05), {H P1 5 IEERSREE 2155 T P2 44y, X i Al
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&, HER 1 a5 P2 dHor R E SR SRR AN Sk It
AERUARFEIEA KD FAETH M A H,
XU B 20w (P A IR R RE R R B R &
ATIA By BER B A A Ay ot 7= A T [F) HE 28R
5K f T PR R A6 AR A BRI RN R E 2B oy i 4
TR IIRIEE R, FoA ] 40%ik FEZ BEAL 3R fS (1)
P A RO Ui 20 R S R B B e (EBEAAIL
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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

F1 FRIBRASKFRERMFERARESER
Table 1 Contents of total amino acids and free amino acids of different fractions separated by gel chromatography

s KA FEIBR/ (mg/g)
Pl P2 P3 P4
RABPR 88.10£0.20° 77.7340.04°
BB 201.19:£0.48" 180.43+0.32° 4.6620.14°
AR 18.71£0.05° 19.99+0.11°
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BELER

b R 38.80+0.33° 36.93+0.08" - -

H R 30.35+0.11° 28.73+0.28° 3.94+0.18° -
S 24.21+0.13" 23.83+0.10° 2.05+0.02° -
N 27.90:£0.02° 28.00+0.04° 6.52+0.05" -
AP 35.18+0.18" 33.09+0.19° 12.97+0.22° -

TR PR 60.25+0.08" 58.08+0.24° 32.49+0.32° -
ESE 50.98+0.11° 43.39+0.30° 318.74+0.47° 93.57+0.46°
LR 19.34+0.20° 17.41%0.16° - - oW
A 30.09+0.17° 113.12+0.45° - S
AR R - 5.94+0.02° 12.61+0.33° -
BRFR 54.59+0.23" 41.55+0.15° -

LEENA 55.19+0.10° 47.36+0.13° -

F B EER 9.530.34° 5.3520.16° - -
B4R 22.12+0.02° 21.57+0.30° 1172:0.10 202.12+
Bt 766.50+1.61° 782.53+1.96° 405.70+ 1135 295.69+0.91¢
s 7B 2B/ (mg/g)

Pl P2 P3 P4
77.30£0.21° 15.93+0. - -
109.08+0.17° 143 \ -
2.10£0.25° 16.01+0. o -
2.08+0.05 33.70+0.19° - -
2.89+0.11° 16.49+0.24° - -

- 2.5240.02° - -
1.03+0.02° .05 1.600.16° -
1.88+0.09% 6.22::0:14° 3.2940.13° -
2.74+0.21* 41/64+22° 7.07+0.23° -
4.49+0.26 0.93+0.01° 65.46£0.41° 11.76+0.11¢
7.21+0.01° 8.31+0.11° - -
26.17£0:41° 35.39+0.28" - -

- 2.2740.16° 4.65+0.32° -
.12+0.32° 3.61+0.01° - -
33.44+0.05° 24.89+0.45" - -
3.7240.20° - - -
2.93+0.12° 3.44+0.20° 2.25+0.02° 170.59:+£0.15°
283.17+2.02° 292.52+2.21° 84.3240.67° 182.34+0.36°

E R TAKEY, RATRR A EATEAREMHER (p<0.05).

22 i P BRI A T

e v s YRR €8 3 R G B S R R (UPLC-ESI-Q-
TOF-MS/MS) AF& i R IBAH il BoR . HmE 55 L g
FARAR AR =A S, & — PR TS
R SETIE, HARRL PR, R E R
BT, S S Gl R (UPLC) R—Fh 4t 7
BRI, R T /NEUREERL, R RGAR K U

Rl T B SR AR s M L (ESD 2 —Fhak
BHEAR, RERHES TR 10~10°u ME AR, %%
HHEER PR B LAY BUERR (MSMS) 24
F HA 412 S B 12 e AT I Az L 4y B8 fa ik
ATREMA T A5 5% H UPLC-ESI-Q-TOF-MS/MS
XP P2 AT M 2 KRS E, B Ehxt
JRIEHAEHEAT Deconvolute Z=4AHANTE, k5% 2R
T R BEE F%, KA Data Analysis 4.1 344, i
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+MS2(173.0927), 16.8 eV, 2.1 min #434

17F3) De novo ¥, 1FRNEIEIRTHN Asn-Pro. o[22 1
. . X N 70.0652
Ala-His. Gly-Pro 1 Gly-Leu P02 —fik, ‘&A1 FiA%LL <1of
(mfz) 4352 230.1135 u. 227.1026 u. 173.0929 u Al ' G+0.0003
189.1230 uo F - ZEiiLEAIEE 4 FoR. 15f 1 odes
a 370 +MS2(230.1138), 18.3 eV, 3.0 min # 626 ’
intens ’ 1+ Lok
<10¢ 196.0609 : 1+
3L 17310929
N-0.0006 051
1+ 84.0811
2L 171.0771 0.0 I Lol I L1 I I i1
60 80 100 120 140 160 180 m/
1 1+ . .
1 116.+712 s d ln:(;r(l]j 6 " +MS2(189.1238), 17.2 eV, 5.9 min #1246
1+ I+ N ap 869965 G-0.00097T
87.0555 150.0588 230.1135 132,1024
0 ! by l Ll L& Y VI e | 3L
50 75 100 125 150 175 200 225  m/z
b intens _ +MS2(227.1027), 18.2 eV, 5.8 min # 1228
«10¢[822 14 2+ "
1.50 116,0711 1431184
A-0. L
125 0.0007 1 I
189.1230
1.00 1+ 0 1 1 I Lk 1 1 I
84.0445 60 80 100 120 140 160 180 m/z
0.75 1+
I+ 227.1026 & 4 & RBAHI 2R Rt
0507 70,0652 t ) ] _
I+ Fig. /MS spectrum of synthetic peptides
0.25 181.0977)09 0925
0.00 139.0395 | JE£: as b. oo d A& Asn-Pro. Ala-His. Gly-Pro.
. 1 | 1 | | | 1 1 1
60 80 100 120 140 160 180 200 220 m/z Gly“Lew#) = #£H
+z 2 AR B S IR TEHIEN R
Table 2 Sensory scores’and e-tongue scores of synthetic peptides
e } ; s REITS
ot - .
” B #H # A 5t
RS 5.0020.00 5.0040.00 / 5.00:£0.00 5,00 0.00 5.000.00
Gly-Pro 1.75+0.49 1.75+0.49 2.17+0.71 1.25+0.35 2.72+0.39
Gly-Leu 1.80+0.40 1.40+0.50 2.55+0.51 0.75+0.53 2.55+0.51
Asn-Pro 0.70+0.47 1.10£0.32 1.80+0.42 3.84+0.42
1.60+0.52 1.15+0.34 1.35+0.63 2.90+0.32
- F &1y
# & =3 8t
6.63+0.00 25.85+0.00 30.22+0.00 20.16+0.00 9.97+0.00
-23.28+0.65 19.59+0.44 11.63£0.10 -17.13+0.27 3.88+0.29
-28.50+0.79 21.65+0.72 15.62+0.61 -20.45+0.49 3.94+0.46
-30.41+0.50 10.64+0.34 6.76:0.06 12.17+0.15 7.65+0.15
Ala-His -17.58+0.41 18.56+0.39 8.07+0.23 -5.30+0.57 4.09+0.24

23 FiER RN B R R AT

BEIR R f e, VEAIA 3.84 4% HiCH Ala-His (2.90

ONBAIE DY 2R BB SRR, R AR 5 B 7l
RV RIS G v RGO CE R HL AT 20 B4
1, ZRMALREE 95% A Fo X Uy 26K Skt
BT AL R R T FEARLR R E R AT
TR (R 2). BMEVHFIERER, Asn-Pro ]

12

%) Al Gly-Pro (2.72 %), Gly-Leu #fBkE55 (2.55
A3 TR T AR R LE 11 s s 2 300 A R A vk
Wl Asn-Pro [A]I 0 B BRIERIK (4.05 40D, 1M
Gly-Leu &M (2,55 43). HA Insent A F K
TS-5000Z HL 7 J T AU T Ske B i Jir ROGHASE: o i
TR, BRI R e ish. B
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HE SR K Asn-Pro BAT B s ARG (7.65 93,
HYCH Ala-His (4.09 43). Gly-Leu (3.94 43) 1 Gly-Pro
(3.88 71), =—HZEFNHN. Btz sk, ZHRHHA
SEAPERAE LB E A RBL, W1 Ala-His (58
FRWRAN Gly-Leu [Tk, A BB ESdE S5 H
TEEARAI G, VLIRS VP A 22 RS AIEA i
P EA R R E .

T A AR R R SRR RS PR
FIfE ST, SARTEASEIG iR, 3 50R) Ak R oy
Hri& (TDA) FIECEGREARFREE T 70 1% (¢TDA)
GYNTE R ISR B (LA S B . R BREL 2 4R 2
—P DL R RBCE A T RRIEREIRE N B Al R S5
AT ERER GBAEAKD 20 SR EE; S
IR YR UL LR E VR T2 R SN E] 300
mg/L ] MSG ¥ H S5 AR (300 mg/L 1)
MSG D Mzl SR . DU Ala-His
IR BB RIS, 2950 MSG B BIMELY —1, 4 160 mg/L;
HUCN Bk Asn-Pro (175 mg/L). [FR, PUScE et
WRIKEA A [FIFRFE 3G e RE g, S 5 o) (1 A (1K 1)
#& Asn-Pro, 7E 10 mg/L BFEEAEXT 300 mg/L [ MSG
R B 2 3 (SR R A

% 3 A RBKREELREME RIS
Table 3 Umami threshold and umami-enhancing threshold of

synthetic peptides ,
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