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Abstracts: In this study, the molecular weight cut-off method was used to divide pork bone essence (PBE) into three fractions, and
sensory analysis was performed to evaluate the enhancing effect of the constituents in PBE on umami and retronasal aroma. The molecular
weight distribution and hydrophobicity of the peptide fractions from PBE were further analyzed to elucidate the relationship between
hydrophobic aggregation of the peptide components and their umami-/aroma-enhancing abilities. The results showed that after the treatment
with a denaturant, the content of the fraction >30 ku of PBE dropped from from 36.07% to 2.95%, indicating that there was aggregation of
proteins in this PBE fraction. After the three fractions were freeze dried, sensory evaluation was performed. It was found that the PBE (10~30 ku)
fraction in a NaCl-based solution had a score of 7.6 for saltiness, 8.6 for thickness, 7.6 for continuity and 8.0 for mouthfulness, which were all
higher than those of the other two fractions. In addition, the intensity of retronasally perceived aroma of the PBE (10~30 ku) fraction scored 7.5,
which was also higher than those of the other two fractions. Analyses of the three fractions revealed that the contents of umami and sweet
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amino acids of the PBE (10~30 ku) fraction were 14.7% and 44.19% respectively, which were insignificantly different from those of PBE (>30 ku),
and the kokumi effect of the PBE (10~30 ku) fraction was significantly greater than that of PBE (>30 ku). After the hydrophobicity was analyzed, it
was found that the hydrophobicity index of the PBE (10~30 ku) fraction was 60.001.33, which differed significantly from those of the other two
fractions. It could be speculated that the high content of taste-active amino acids (umami and sweet) could increase the intensities of the umami taste
and retronasally perceived aroma to some extents, but only when the overall hydrophobicity of proteins or peptides was within a certain range, the

enhancement of the umami taste and retronasal aroma was the greatest. Finally, the relationship between hydrophobicity and the enhancement of

umami taste and retronasally perceived aroma were confirmed by the heat treatment experiments at 40 °C and 70 C.
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Table 1 Composition of taste compounds in model chicken soup

5 et R /(mg/L)
1 L-# 2L 23.1
2 -804 213
3 N 16.8
4 L- & 16.0
5 L-A &R 14.5
6 L-FH 2 BR 13.5
7 L-2 5@ 13.1
8 DL- ¥ #LEPL 11.7
9 L-AF R BR 9.64
10 L-R A2 5.44
11 L- %8R 5.04
12 L3RR 2B 4.00
13 L-#4 2R 2.68
14 L4158 FR 1.96
15 L7 55 28R 1.80
16 LB R B 8.12
17 i 60.0
18 5-LEBEL—44 (IMP) 1328
19  #E:EARH (AMP) 50.0
20 Rk 5.60
21 B 814
22 e AR 360
23 KOH 190
24 K,HPO, 1800
25 MgCl, 1500
26 CaCl, 0.44
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Table 2 Properties of PBEs
AR I B HAAE
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F4b4h/(g/g) 9.53/100
B/(mg/g) 48.1/100
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K IR H 3 5E SO B 2 R Z =R 2 Rt
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12 5 GRS 72.90%, Horh REFREIEIR (K&
T REE 1 17.30%, EHREIER (LER.
HAMRMAZER. R 55.60%. B4k, KR
B (NERR. AR, WER. SR, 2R,
FEIRIFEETR) 15 34.70%.

R 3 HBEREHESREBLAR (%)
Table 3 Amino acid composition of PBEs and each fraction (%6)
FIRER PBEs >30ku 10~30ku <IOku

Glu 5-&8& 797 11 9.95 2.66
Asp RARE: 373 522 475 1.24
Ala BAE 659 933 7.73 2.08
Gly H &8 20 29 23.1 4.7
Val 4188 158 231 2.09 0.5
Ser # £ 138  2.04 1.66 0.48
Phe XA&® 198  3.06 2.94 0.68
le FA2&8 095 134 133 0.28
Leu m&& 237 357 2.8 0.02

Lys #i &8 267  3.59 3.52 0.79
Thr #&& 056  0.80 0.60 0.20
Met ¥#L588 038  0.50 0.56 0.05

Tyr®&&E# 194 273 1.75 0.61
His 4888 075  0.89 0.78 0.47
Arg Hr 8B 516  7.52 6.45 1.34

Pro At &84 9.62  13.60 11.70 2.57

23 PBEs 4 FBEOMEBMER B ERT) A

PBE (5 mg/mL) 7E pH 7.4 Fi&f#T Tris-HCI L
FRER e BN (Y] PBE 1T &0 At

WA 1 e FREA-F e mime e & At
A, AT MR IR S 2 8] S B Fs KA EAEH, S8k
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kw) B 500 b 36.07%F1 61.93%, JEAAF PBE
(<10kw) #A4y, BRI PBE "8 AEAKATRER A T
R, WHASTEIMEPIERS TR
2 H 6 mol/L JREALFE =, (K7 T H it PBE(<10
ku) R R, & sk E] 25.78%, PBE (10~30
ku) HIrHIEINE 68.65%, FHRMH PBE (>30 ku) 4
IyBEIRE 5.57%; 1MLA 6 mol/L JRZEA 0.5% 1 kit
TR BN AL RIS , AL AR FH 58 B2 5 9 B {2, PBE(<10
kw) A& a4 36.73%, PBE (10~30 ku) #14)
BINZE 60.32%, 1fii PBE (>30 ku) 213 FKE 2.95%.
ZAERRH, AWHFHE Y PBE 2 S5 7
(B KA ELAE Y R R A

FEI<10 ku
10~30 ku PBE
[ 1>30ku

Urea treated PBE

Urea and SDS treated PBE

0 20 40 60 80 100
Content / %

& 1 PBE, FJ 6 MRZFEALIEAT PBE, 6 MFRZEHN 0. 5%+ ke EHi
EREMALIERY PBE HI5 FE 5 E
Fig.1 Molecular weight distribution profile of PBE, PBE
treated with 6 M urea, and PBE treated with 6 M urea and
0.5% SDS
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£ R

f A B AT AT %0, PBEs AT LUERCRSEAR. K,
TEAW T, RS TEEBEE PBE =14
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ku), X} PBE 1% kokumi ZH 73 (MG 6E K7 386 75 FL 1 )
SmE T TV
2.4.1 PBE % kokumi 2854935 &£ OR3P

H NaCl 8¢ MSG 1EAZEIEM, Pl PBEs &
kokumi ZH 3 IEERIGRERREE (] 2), HAPJER, O
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9 -=<10ku

--10~30 ku
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Continuity Salty intensity

Mouthfulness

b Thickness
9 -=<10 ku

-o-10~30 ku

-4>30 ku

Continuity Umami intensity

Mouthfulness
B2 REitE
Fig.2 Sensory radar charts

E: a: NaCl A5HE; b: MSG A TR,

WKl 2 AR, 725051 BL NaCl F1 MSG Xt BEIE TR
ECE WAL, PBE (10~30 ku) 4030 Hm T3
APTAN S o 7E LA NaCl st B RECE WA (1] 2a),
PBE (<10 kw) MR, IRIEEE., EE8ME. NEFER
FEVE 3 AN 7.9 6.8 6.7. 6.9, PBE (10~30 ku)
FIPBE (>30 ku) sk, WERE. JELME. HEE
BV M5r500N 7.64 8.6+ 7.64 8.0 ) 6.6+ 7.7+ 6.0+
7.5, EIPBE (<10ku) #1PBE (10~30 ku) 4143
PEE T IR BORFES:E, 1 PBE (10~30 ku)
FIPBE (>30 ku) 2380 1 i JE FEAN FRE
B, 4Lk, PBE (10~30 ku) 41437E LA NaCl NILJE
AT, X EARPRI I EERE T35 58 T S PRI 53

5 NaCl 240, PL MSG Ayxt BRI B
2 (B 2b) 5 g R—%, PBE (<10 ku) [1fif
MR IRIERE L USRS R 008 7.7, 7.4,
7.4 7.5, PBE (10~30 ku) 1 PBE (>30 ku) HIfERK,
WIEFE . S, DUREE A8 7.0 7.9,
79. 7.8 R 74, 73, 7.0, 7.2. {HALFERE B BALT
PA NaCl 5B 41, PBE (10~30 ku) #ERIEKSZ JF
PR T S sy, HESFAREZEE (p>0.05),
MRIERE . ELEME. TUREE ST i
T AW (p<0.05).

B IR 73BT %, Joit A NaCl i A2 L MSG 2
IR, PBE (10~30 ku) #1PBE (>30 ku) [f]
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R 58 T PBE (<10 ku) 4045, i PBE (10~30
ku) 5 HI¥GEERE 71 X m T PBE (>30 ku) 4%, X
BARE — S FN N R AR T EE KA RE k5
kokumi R 251 H FTAN Ao
242 PBE % kokumi 24 iAkiiii A48
J& B 5B L RN

JUEHE AR AL T ARG, FRREANFEI
FEEBAL, A EYIOEYE B, B E 2 R B
AN R, EEVONTE R MR, RAEE R
X WRIE RSz R B B G &S AR, 7
MET 225 A 1 2 AV TOINN B RERE R - 238 5RiA T
sk TREECY, TR A OFerh EEERY)
JRZ—) VABI RS FE N BIXS A7 s S5
% 7SPY, Nishimura 4R H, 2B SRR
FEHERIN Glu A1 IMP 1] g2 3858 R R 1 & 5
B UBS7 SRRz . R, ABFFOEAL T PBEs 4
I3 XA AN 7 B SR IR

W 3 fiizn, PBE [RATA 4 5 YR s RS 7
() B 5 &SR 3Z 58, PBE (<10 ku). PBE (10~30 ku)
FPBE (>30 ku) HIAESIESZ 3 E 5533108 6.05 7.0
K 6.5, Wi 111 HETIR, SRR KA INEE 2P
57, ik, PBE (<10ku) 204341 PBE (>30 ku)
oot B fE A R T 1.2 A5 138 £, (H
Wi 2 (a1 AREEE (p>0.05). 1 PBE (10~30
kw) Ao AR R ARSI 1.5 5, H5HiN
HAHELE B Z R (p<0.05). B PBE (10~30 ku)
Ao R F ARG GBI R AE R T AW
Nishimura 2785580 MSG K IMP 254tk &)
AL S SR AT XS A I e 5 A RS TR FE SRR B2 A
T kokumi P A3 .

9 b
I S ;
5 70 ‘
=}
g st
g
[ 4r
o
& 3r
2 of
£ 1t
0 1 1 1
<10 ku 10~30 ku >30 ku
PBE Fractons

& 3 7F[E) PBE Ay REE SRR IR AISIER
Fig.3 Different PBE fractions and their influence on the
intensity of aroma sensation
TR 3 & A (R S e S S5 R L AT 4T
At — W, AU PBE Hh=F2H 7> PBE
(<10 ku)+ PBE (10~30 ku) HIPBE (>30 ku) [J%E
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ARFVE QR SRR AL SANGK MEREAT TWETE, DU S
RS kokumi 473 UG EE K 4 oA RS SR B2 AL
HIBAT VI IRE .

2.5 PBE % kokumi 41 4 B %5 1 A7

2.5.1 PBEs % kokumi 0549 &L B 20 B AT
AR BT CIRER kokumi ¥R Z SAR
%Y, Nishimura 252098 RIS SR IMP 27]
TR TR A RS TR P I G SR A O BRI Z . Fh ikt
A, AR kokumi MEEERE KBS B
JEZ IR T e S H R M EIEIR S B ARG (HE
MRS IR o i S I A S5 JE B R E TR G &
AR AR o ASHIF RS 2 B3 i e 21 DTk 1 FH 1
TRy N EEEREIERR (Asp. Glu). SEFHREIERR
(Ser. Gly 1 Ala. Pro), FHXTHEEEHE, &
IR B R RT3 4
1% 3 ffizn, PBE (>30ku) A1 PBE (10~30 ku)
HREIR S B HIN 11.00% 1% 9.95%, ERAEHE
P (p>0.05), HIEZE 5T PBE (<10 kw) [1 2.66%
(p<0.05) o HE—2DX B 2H 73 AR B I & 1) S R A
Re st AT, 58 KI PBE (330 ku) Al PBE
(10~30 ku) HHEEFRREIIR G =D AN 16.22% K
14.7%, SFIRZEIERR 7338 53.97% 1% 44.19%, [A] |,
PRI 1) R AR Je R SRR R 22 3N B B3
P (p>0.05), AL 52 5T PBE (<10 kw) [1 9.83%
(FHRREIER) M 3.9% (BFREEEIR) (p<0.05). &5
& LIRS R, 445 PBE (>30 ku) #1 PBE
(10~30 ku) FIEEACREE T4 5 PBE (<10
ku), FHIEATHEN] 2R R S B T it S E Bk
kokumi H#EF R BA —E MM, (HREHS PBE
(>30 ku) A1 PBE (10~30 ku) M) S2WREFEIR S EIH
ZRANERZEM, 44y PBE (10~30 ku) FHEEERHR
HEZEE TS PBE (330 ku) (B2), XHIRE
R S Ik iR A0 3 A At R 25 1T 5 g 3R S LA 1)
kokumi H4#E R o
2.5.2 PBEs & kokumi 204 %K
AERK, HATCIRER kokumi 52 Ik
%, T EREPY, (EATFR RTINS R ER,
PBE (10~30ku) 4143 kokumi HfF 8GRI,
A, MEREEE) ERT PBE (<10 kw) 447
Chiti 25 R A oY R SRR T & (A 5 iR
AR, EERBUIKERE e FEOLEUKIER
RIS SR  Rek Sk S kD,
AT FAEH, B —LehR 5 1) R 2
YER, WEBFFERE R, monellin (] R A A&

R B K X g LR S 206 B ), Lioe
VORI TR W B R IR A S 2 K M R R R Y
oy TR BREERIRAZ . PRI, XX 3 A K I

BEAT T 0t
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&4 (a) PBE &4H5 A RP-HPLC E£[E]; (b) PBE BB HIREH
IKMEHEE
Fig.4 (a) RP-HPLC profiles of PBE fractions; (b) Surface
hydrophobicity indices of PBE fractions

4ERFW, PBE (>30ku) 4143 PBE (10~30 ku)
53 F PBE (<10 ku) 450 HIB /K 2 R & &0
N 36.44%- 30.9%F1 6.77%. HTHEAREIKEES
(B K P SIS B EAT R, Wodk—2 0 1 3 Fhé
53 RP-HPLC 4], 1/ 4a A7, PBE (10~30 ku)
Hor PR B ] (RT) 2 EAEHTE 10~15 min £ 25~45
min, 1fj PBE (>30 ku) Z153f#] RT M| 3= ZAEH7E 32~45
min, fR¥E RP-HPLC JFEE, Bi/KMHEEERIIFE ML RT
FEXELE . [Rltk, A RT RIAJ#ENWT, PBE (>30 ku) 41
Sy IE KSR T PBE (10~30 ku) 4443 1fi PBE (<10
kw) AR (RT) £EHTE 40~45 min, HIR
HAR RT BT R WA 3, (R T% RT 2 5
FrERUR QEIFVNT FPFE ), SRR
JIBT o

RP-HPLC 15 & [ B2 2 8 it HR g K AN TR 1
AR AT, M ANS FEORTRENEN E I 2 & E R
IR IR K AR E, 2 ABE0T SN ik
FRIR B . Rk, #F—2RH ANS 96REr
ENGE T &S R B K R4, 45 R WA 4b
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fizs. tnEAR, PBE (330 ku) ZHor M@Kk
N 66+2.51, T PBE (10~30 ku) ZH4311 60.00+1.33
M PBE (<10 ku) #0417 55.00£1.20, HZERFEA L
ZM (p<0.05).

M AT TR AT &5 T A1, PBE (10~30 ku)
ZH 53 RIS R H iR e R T ) A i RS2 R T
BT RN R . dia Bk R R, R
AE—EMBATEE N, FERE TR LAY
sRfEREGE. FTHIER, AIHER PBE (330 ku) 447
R, P ZHUKMEIER R, i 25K
FPR R TR Ao B SO EER, R s
AR, TR 53 IR B R R

26 HAETHERSHELGAMEG L4,

HREEAREHRBE

2.6.1 RRIALIRE THETESESFAMR
EEE 4

HHATETIA, Bk YER] Re 558 & 2 473 () b e 2 1
FRGGEEZERE IR, R AT — MKt
JEERIN, JEE R R S A S E R, N
TP U B R ARG E LR, HR A
S AR E R e R, AR, NHAbHE A
IR AR B KT, SRR T Uo7
AAEASCIE B R AR E AT T, K
ARG E RGN, DT EIR e R

90 —I<10ku

80 EZEE10~30 ku b <
70 - S>30 kub C

60 -
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40+
30
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10+
0

Surface hydrophobic index

70 C
Treat temperature
& 5 FREIHAMIEEE T PBE RLASHIREFI/KIEIEH
Fig.5 Surface hydrophobicity indices of PBE fractions under
different treat temperatures

WK s Bz, 40 °C K& 70 'C R hn#k 30 min #4552
H KB R R K PR RS 2 G0 (p<0.05) . Horr,
40 ‘C FH, PBE (>30 ku) 44y MEiKEIEECH
68.0+0.70, =T PBE (10~30 ku) ZH431] 62.90+£1.22
J PBE (<10 ku) ZH/3/) 57.10+0.61, HZREA %
FME (p<0.05), 1 70 'C A, PBE (>30 ku) #1431
FUKMEFRET RS 77.70£1.14, % T PBE (10~30 ku)
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M1 73.20+2.16 K PBE(<10 ku)ZH43 ] 60.00+0.95,
HZEREAEZEM (p<0.05).

X KB T 541 73 ARG B R 38 88 5 A < Uk
ZREAT TV
2,62 TRElEEAIET PBEs & kokumi 414 %
Kb 3 2R K

Thickness

a
9 -=<10 ku
-o-10~30 ku
-4>30 ku
Continuity Umami intensity

Mouthfulness
b Thickness
9

!

-=<10 ku
--10~30 ku
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Mouthfulness
E 6 BEitE
Fig.6 Sensory radar charts

E: a: 40°C; b: 70°C.

PA MSG ot BV BB PP 45 R 6 Fis,
40 ‘CHLFER, PBE (<10 ku) MUk, ISR, iE4:
PEL DUBEE VR 58 7.51 741 7.4, 7.5, 1 70 °C
ROEETR, k. WRIERE. ESME. ERFEE TS
MK 7.54 7.5+ 7.6~ 7.6, ZMKEXHPIFALER T B K P
TR BB TER N (p<0.05), TSR SEE
FHRIEIN, HZEREAREENE (p>0.05).

ifi PBE (10~30ku) 7E 40 ‘CALFET, fefik, )5
B SV TUEFEEEWS 2008 72 7.9, 8.0,
8.1, ZH A IEKIEFEETE 40 CHRMCIR SR E 5
TR, (RIS EE T (B 6b) WKJE
B ESME. TUERFEE SRRt g, HES
AAHEEM. (p<0.05). 170 CLAHE T, HEMR, &
JERE S TURFEE VNN 730 6.8 6.8,
7.0, 70 ‘CHUEHL G 1iZ 4 5 s K AR EUE T 40 ‘Chb
HR 5, HzE R BAA AT, (HIEREESahr GR
JERE R, R D FIvEa S b HE A
ERZE K (p<0.05).
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PBE (>30ku) 7E 40 ‘CALEE Rk, WRIESEE .
B, TURFE BEVF 535008 7.3 6.8+ 6.8. 7.0,
M 70 CARAFETFREER, WIERE, et NEEE
FEPE A 704 6.3+ 6.4, 6.4. ZHIGIKIESE
FRAEAS R AL IR FE R 5 B E 10 (p<0.05), {HIK)E
FE ESE. NERFEE SRR BB KT RE
T HAEFRRPES (p<0.05). FEIEEMSZE, 70 Cht
R ZA o OB Rk, AR i 2 sk
BEPR TR AT T 2 o

ZE LR, 7ELL MSG NI, 40 Chb
FF, PBE (10~30 kuw) (38 EF R 58T PBE (<10 ku)-
PBE (>30ku) #H%y; 1H 70 C4b¥F, PBE (<10ku)
H oy PG EERCR VT & T PBE (10~30 ku). PBE

(>30 ku) 44y, BEIPBE (10~30 ku) ML R EE
K MERE— D 1 ST R P
2.6.3 PBEs % kokumi 285 Hi/k 538 % e &

o
a0

Intensity of aroma sensation g,

1 1 1
<10 ku 10~30 ku >30 ku
PBE fractions

Intensity of aroma sensation g*
S = N W A NN 0 O
T
L

<0k 1030 ku S30ku
PBE fractions
& 7 AEIREALIE PBE AN W EBEE ST RE N IER
Fig.7 PBE fractions and their influence on the intensity of
aroma sensation under different temperature

E: a: 40°C; b: 70°C.

gl 7 fs, 40 CAEERIY (B 7a), PBE %4
I3 YT REH SR RS 7 ) B Je A U2 9B EE, PBE (<10
ku). PBE (10~30ku) F1PBE (>30ku) [#&F&KZ
PRIV AN 614 744 5.2, BIRHHIEE)E
FRBRERE R T 1.22 580 1.48 fi5, HE 2 A 2R H
ARENE (p<0.05). SHUKHSREIGEETRIR PR AH

XERERIN, AAACER T BT PR FNLE Sy B K P i S ficf
Febr P I BN T PBE (330 kw) Bkt
AT R IR A S K PEFR RO ZE I I, (RS EE R bR
Vo> S SRR SV IR, HERAEREN
(p<0.05).

1M 70 ‘CALEERAS (B 7b), PBE (<10ku). PBE
(10~30 ku) A1 PBE (>30 ku) HI&EKZHEIED
SR 6.9, 6.2 4.8, AL Rl &5 & ST
Peim 1 1.38 fi A0 1.24 1%, (B3 W) 22 e AN B B 2 1
(p>0.05), {HPBE (>30ku) HIESKSZHREH AN K
RACHEJe 40 Chab3, HZERHARENE (p<0.05).
P BUKEFREU I BT VP AEX BRI, AL ER
N PBE (<10 kw) FIB/KHEFREUIG B ARV o 25 1
B4hn, 11 PBE (10~30 ku) ZH4rMIsi/K e B 21
hn, ARFIBEHRFRVT /3 AT R & 40 "CAabsE R
P, HZERBAREM (p<0.05); 1 PBE (>30 ku)
Moy BKEFREUE — P B E I, (A G EARRVT
oy M8 SRSV S — R, HERBEAR
FE (p<0.05),

ZEEATR, FEE RS AR AL R (1B K
PEAREL, 6, WH AR BRI EEE—E R R,
PLPBE (10~30 ku) @53 MM, ARACHRRS, HIGEHFERR
Vo ARG R I T WA S, 2140 C
SRR, FEK MR E G N, e AR SRS
RERES IV IS G SR, (H2Y 70 CAbsERS,
BKEFRHOE — 0 BN, (R G A R A
JEIRSZRE VP ARV N R B AE—E BEiK
TGN, R R R A S A

3 g

3.1 fERRE, 2w RGeS, 2R+
FERE (72.0%) AR S =R kokumi R .
AW PBEs £ KA AFURENER, MEi/KAH
HAERLRHIRENIKEN /), #:5 2, PBEs nJRELARE
1) 2 5T BK 1 TR 2T AN A2 A IR 20K i )
kokumi FRIIEEEAEH .
32 U EE B PBEs N =AM
(<10 ku. 10~30 ku K>30 ku), *F&2H M E S RE
SINTRFURIL, ERREERR (k. #ivk) S8
REXT A 2% P B 1 T R P B e 3 A R A ) — e 4
FHER, 1 R A A BRI AR R K AR — e Ta
P, FLEER S B SO R E I A Bt AR M
e, R A R SRR & B I A A R
¥ #. {HPBE (10~30 ku) ZH4) ¢ B am itk E,
WS 5 o A Ao 1 SRR ez AT R g —
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