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Abstract: In order to explore the effect of storage time on in vitro protein digestion and flavor components of sauced
ribs, in vitro simulated digestion, SDS-PAGE, LC-MS-MS and electronic nose analysis were applied to determine the pro-
tein digestibility and flavor compounds of sauced ribs stored for 0 (fresh), 1, 2, 4 and 6 months. The results showed that
the digestibility of the sauced ribs decreased along with the storage time. The pepsin digestibility decreased significantly af-
ter four-month storage, while the trypsin digestibility decreased significantly after storage for two months. The content of ac-
tive thiol group declined and the total protein density increased during the storage. The number of peptides in the pepsin-di-
gested samples stored for 0, 1, 2, 4 and 6 months was 18, 20, 19, 15 and 35, respectively, while the number of peptides

in the trypsin-digested samples was 41, 39, 19, 30 and 45. The flavor substances changed greatly during storage, but the

flavor substances of fresh products were similar to those
%% H#A . 2017-05-30 stored for one month.
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1.1 R R R 2R 5

FoHET 1 B A A2 = R HE B (N TE8) =
RS A BRA FIREE) . B E AR, f2IA %8
ZhIEE T35 M =400 U/mg, W F 3 [# Sigma Aldrich
N AR M, PR A A R NE, BEE =1 645
U/mg, W F 3£ [ Sigma Aldrich 2 7] ; Ultracel -3 #E
B EEAL TR 0.5 ml, B FE TR =3%10° I T35
Millipore 2\ ] ; ZipTip C18 pipette tips, I F 5 [
Millipore 23 7] ; BCA 25 F 5t & & i) &, W T 36 =
Thermo Scientific 23 F) ; Bio-Rad 4% ~ 12% Bis-Tris
Criterion FrfE T IE |25 F1 50 L PKBR #E b, 1 T 26 [
Bio-Rad, T25 ZJ%¢HL, fEE IKA 2 F) = i ; Allegra
64R 525 R RO AL, 5 [F Beckman Coulter 23
F P2 A M2 Z I RERERRIY, 2 E Molecular Devices
INF P ; Fiveeasy a3 pH 1T, i+ Mettler Toledo
ST LCG Y YR T HRAL, T8 [ Christ 24 0 77 i
HRLE B LK RS, [ Bio-Rad 23 F] 7™ i ; ImageS-
canner 111 i{1%1Y , 35 [E GE Health Care 287205 5
JR3C 3000 FOEHRLEEAN, DR Malvern 23 F] 7= i ; TW
20 /K% 4, #5 [ Julabo 23 A7 i ; Nano LC-LTQ-Or-

bitrap XL MS/MS 4 T+ Y AH £ 16 B 3% 4% , 26 1)
Thermo Fisher /L}afzﬁ%;FOX4000 %?E%.',&t‘@ Al-
pha MOS 2 E] 7 i,

1.2 KW HE

12,1 ASMEEBGHAREE B L P BT R
fEBE, B eAREL 1.0 g BE4h, N A 4 ml PBS(10
mmol/L Na, HPO,-NaH, PO, , pH7.0) , 7& 7K 5% 1
T,9500 r/min .30 s 2J3¢ 2 ¥X, 13 400 r/min 30 s
AP0 2 IR R AT Z R IR 30 s, b TR E H
(RIS (8 1 mol/L HCl ¥ WK 51 3 J5 i ke
i pH P& 2.0£0. 1, BCHIEREEHR 0.032 ¢/mliy B
BRI , 7RO IA 1.0 ml & 25 1
HURBOF 7RSI B E AR R 7E 37 C
I AR RN 2 h, A SEE R, H 1
mol/L NaOH 1R & pH M i 2 7.0 247 DA%
11 B R A S N, % pH Ry 7.5+0. 1, BUH 1
ml YRG5 R ok 1 2 A A . TR AR R
R A 1.0 ml 0. 024 o/ mlfiR2E [ G TR W,
BRI TE AR 2R | FFHAE 37 C 5048 S8 N 2
h, KRS8 UG , WA HEAT 5 min WhK T, 20k
FIGRN, BUH 4 ml VA, BRIk B 2R R R 2
FIEEPI ALK A . A6 8 B B A ™ ) R 2L 7K
fRr=Yr R A BN 12 ml JCK OB, 7E 4 C &R
FE 12 h, ZJGAE 4 °C %15 F 10 000 g 5.0 20
min, K IERFUIIEN BAE-18 CARMAT,HF T
— AR,

122 E@FiEEnz S LG 1R
YRR, MBTEEFRINE 1.2.4.6 4 H & HESHE &
HIRREL 2 13 3. 0 g ZRRIARE, — X UIMA B &EH
A TIEAL , 5 — ORI A 1 8 1 A 2 1 g
TIWTEAL THAb FR 4 B vk 1.2.1, THARE TR
BWINA 36 ml ToKLBE, TE4 CHAMTHIE 12h 5
B0(10 000 g,20 min, 4 °C) . 43 B J5 BIUTTETE 50 °C
T B R, IO T E, FRE0. 05 g HE T
MIULIE, A 2 ml SDS % (2% SDS, 10 mmol/L
Na,HPO,-NaH, PO, , pH7.0) , 78 /MR 215 50> (4 000
g,5 min,4 C), EIHWHH BCA 5] &0 2 A ik
o WWEHAFR(DT) DT =[( W, =W, )/W,] x
100% , XX W, A T Ak 5 4L T D0 0E P v 2 B A
(g) , W HTHALRTFE S S i () o
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SDS,0.01 mol/L PBS,pH 7.0) , 7EVKIR F 213, &)
HIREWAEL 500 g4 CFELC 15 min, B IR
FHo FH BCA 250 &l e 2 1 BTR & W9 2 1 B ik
JE o BGE s SR & W5 5 22 IR 5T, i
FEARE R 1.5 neg/WBYHLIK_ERER, Bk EARER
95 C/AKIMA 5 min, FH4% ~12% Bis-Tris brifE
RIS , 45 450k FRE 12 pl, AR AT BRE 2
WLAB/D 125, 16120 V S5F T HUK 1.5 h, &5
A ET VR T K . FUKEE RS RS
W R250 447, 30 min, B (00 06 €0 28 25 T A, 15
A, BRI (GE Healthcare ) X BER AT
IR EG , 2R )5 ] Quantity One ( Bio-Rad ) # {4
XA AR B ) S5 AT AT o 8 AR S PS4 1 '
B S RME Marker 143 F it 1.90x10° 557 6% &
FHBRAS B RS OB

1.2.4 HEoF Sk B TR
VRAH ER IR BT (S s AR I A N B R 1 g
A A L T A RIH AT ), 3508 275 Wen 515
w

1.2.5 ZahEwaAszaone S8 E-
man" "D HH 5,57 - TR AC TR E S R
( DNTB ) ¥ 5 125 00 2 A it 2B 1 5 I 0 v it PR S R 1Y)
S, BUL g BEMINA 4 ml 5% SDS & A i HE BUR
(5% SDS,0. 1 mmol/L PBS,pH=7.0) %M )7k 1.2.
1 TP AR, R A )5 2500 (6 000 g, 10 min,
4°C), FIEWH BCA B & 8 1 ik B, in
G R PR B 8 1 Bk BE A B S 5 mg/ml
KA. BL100 wl B FBA R INA 1 ml TGE 2% il
(10.4 ¢/1 Tris,6.9 ¢/L H&#,1.2 ¢/L EDTA, pH
8.0) /% 0.02 ml DNTB (4 g DNTB, 10.4 g/L Tris,
6.9 o/LHZMR,1.2 ¢/L EDTA,pH 8.0) ., Ft/MR~S)
JETE 25 CARIEFAE FIEE 60 min, 96 FLAEGHRAR &F
FUIIA 200 wl FEMIARE S, LA I DNTB 9 2% shigiE
KA AR B AE 412 nm B RS, BEASRE ST E 3
W, IS E=73.53x4,,%xD/p, X H A,,,°8 412 nm
T HIROGAE ,p AR R B E (g/ml) , D ATk
FH(11.2),

1.2.6 Hfekszegnle BTk 1.2.1 S%EHEA
FIR AW E B G S TR A R A K E R
TR 1 il it 7 S ()T 5 R, 68 P 5 O SO b B
1% 3000 R AN

1.2.7  #HHFReka 2 KA FOX-4000 H T &

(2 1) FHATINE . FREL L g BESY A 10 ml fHL T
BT, B a7, B SR s B
Qb BEGT O RE S AR A B SR AT P R TS
W, T2 2800 TS FEGHAR AR 500 pl, {3 493 B 500
wl/s TESBAREL 2.5 ml, RAERTE] 120 s, dEFE
1 000 wl, Wizs iR 70 °C |, TiEs fikasta) 200 s,
FEF R AEHTA] 600 s, H RAERTR] 120 s, SRAEJH I

1.0 s, A N E 42, i 150 ml/min,

F 1 FOX-4000 B FEFT AL EESER E ks H#IA
Table 1 Sensors for the FOX-4000 electronic nose and its perform-

ance description
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17 T40/1 B
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1.2.8 # % oA BRI SAS(SAS Institu-
te, JiUA 9.1.2) #EAT B R J5 22 3 #r, JF 1 Dun-
cans’ s ¥ WAL HLA [A] ) 22 5. R EZinfo (
Umetrics, fiiAS 3.0.3.0) Xf H F 58088 #E47 PLS-DA
ZICGit o .
2 SRS
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HACERAL A D, F D g0, BETE BT ) 35 01 AT Gk 25 3
K(P<0.05),7E 4 I~ H .6 4~ H AL BRAL rp 52 B A #
P pr il R AR RN, &8 EAMIELE, B
i 1A 2 A AMBEAN) D, 5.Ds, D, 10 D, 50, «
D, (g0, BT FECA [ ALK AT 1Y I R 3 (A 25 SR g 3%
(P>0.05) 758 % 4 > H RiAR i 2 FEAR (P<0.05) .
Zeat B AR AR R R AR L 2 )R R AR A
5 25 B RN A S
23 MERENEHESEEREERESEN
=10

T HEB v B T R S B A B R [ ) S
KERZEB RS 2) , B FtEg 14
H2AH A HHEAFRMEESEL S B R %
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Table 2 Changes of in vitro digestion particle size of sauced ribs stored for different time

RSN Al it W) () D 5(um) Dy ;(pm) D19y (pm) D59y (pm) D99y ()
=k 0(Hrfif) 32.9%5.4¢ 117.6£14.2¢ 12.93.5¢ 101.3+11.5¢ 229.7+25.5¢
1 35.33.7¢ 149.5+26.4b 14.2+2.7¢ 114.6+13.4b 325.6+80.5h
2 42.6+3.7b 189.0+20.7a 27.0£10.9b 130.0+9.0a 443.1£62.7a
4 44.0£6.7b 158.0+7.8b 29.6+14.8ab 125.8+4.8a 323.5+37.3b
6 51.5%6.1a 165.7+9.5b 40.7+15.4a 133.5+8.7a 332.3%18.5b
A5 HHE A 0(Hift) 27.8+3.2ab 87.1£9.9abc 9.5+1.2a 78.3%7.7be 172.5+16.7ab
1 28.3+2.1ab 92.5+11.1ab 9.6+1.0a 84.4+9.4ab 180.620.5ab
2 30.3+2.1a 99.7+9.1a 10.1£0.8a 88.3+6.0a 196.6+18.3a
4 21.120.9¢ 78.3%6.8¢ 6.7+0.1b 71.6+7.6¢ 161.6+9.9b
6 26.1+2.8b 83.9+21.1bc 9.2+1.2a 74.3x11.9¢ 169.1+49.3ab
A5 11l DR A 0(Hit) 24.5+2.1b 68.5+5.2¢ 8.5+0.7b 64.2+5.2b 135.5£8.1b
1 24.9+2.0b 74.2+5.5ab 8.7+0.9h 71.246.2a 141.1+8.9ab
2 27.8+3.1a 75.7+4.4a 9.7+1.4a 70.5+4.2a 147.728.7a
4 21.8+1.7c 69.35.2hc 7.5%0.7¢ 66.8+5.7ab 134.127.1b
6 20.9+1.1¢ 51.34.6d 7.820.3bc 48.2+5.6¢ 101.2+6.9¢

|9 ] - B F R RLAR /N2 S i3 (P<0.05) o Dy 3 Fm R T it 58T 45 AR, BIVRE AR X IR B AT 9485 D5, F67m MR FR 3% 1T B A5 00T
YA, RDRE AR RS R A A1 5D, 10y D, 50y <D, (00) 73 MFRARTRAE A BIRTE 43 LEIKY 10% 50% ,90% I (RLAR KN,
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Fig.2 Effects storage time on the content of free sulfhydryl

groups of sauced ribs protein
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(P<0.05) , JuHJZ I 6 4~ H 418 255 AR 2% i
B SRR (R 3) . FERTHIAE R TKIE A B
MG, X BB M AN LD REAS
Tt R I ) 2 T A A SR AR AR T B . FRLTK A
Rl AR AR I, 8 B AR IR IS, A TRl Y s
[i) 8 HE 1 ) R o0 2 1 B R i s /N R B, 7

%3 FEPHNESHEEE SR SDS-PAGE 1 L B EE

I3 F i 2x10° ~15x10° i [l P 8 T 38 22 1 2R 1 o
TRy o PR — 20 28 ok JR AR 1 il T i, 7 VK I
FEAESA BB 4507, v LAk Sk 8 1 034 5% i ol
NG FRIZ IR SE TR . BIKES RIA R, AT
JEST ] PR A KA R S i 2 R 5 B
5 1 T AR i 1 il /A 3K 5 T A T (1] 1) 2B
KIH AL BB S5 RA) 5
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Fig.3 SDS-PAGE profiles of proteins from sauced ribs stored

for different times before and after digestion

Table 3 Relative light density values of protein on SDS-PAGE gels from sauced ribs at different storage time

N R
o P T 1A T 2 A i 4 A 8 6 /1

1 0.055+0.017b 0.053+0.006b 0.056+0.022b 0.060+0.040b 0.097+0.046a
2 0.023+0.010b 0.027+0.006b 0.024+0.003b 0.024+0.007b 0.035+0.011a
3 0.030+0.009b 0.030+0.009b 0.027+0.007b 0.026+0.009b 0.044+0.020a
4 0.019+0.007ab 0.015+0.007ab 0.016+0.009ab 0.010+0.004b 0.023+0.009a
5 0.022+0.009b 0.024+0.011b 0.027+0.006ab 0.030+0.002ab 0.039+0.022a
6 0.033+0.005a 0.031+0.007a 0.033+0.008a 0.038+0.003a 0.041+0.021a
7 0.182+0.085ab 0.165+0.021b 0.096+0.028¢c 0.237+0.041a 0.221+£0.032a
8 0.073+0.038a 0.083+0.015a 0.077+0.024a 0.086+0.040a 0.100+0.036a
9 0.302+0.101cb 0.456+0.134a 0.401+0.135abc 0.429+0.138ab 0.287+0.118c¢
10 0.268+0.153b 0.279+0.133b 0.281+0.134b 0.397+0.161ab 0.503+0.119a
11 0.033+0.008a 0.035+0.012a 0.037+0.017a 0.035+0.011a 0.041+0.013a
12 0.039+0.013a 0.043+0.015a 0.044+0.014a 0.040+0.011a 0.029+0.012a
13 0.057+0.045b 0.086+0.038ab 0.072+ 0.031ab 0.103+£0.037a 0.078+0.018ab
14 0.048+0.030a 0.071+£0.041a 0.058+0.035a 0.094+0.073a 0.045+0.029a
15 0.090+0.020b 0.236+0.109a 0.177+0.116ab 0.143+0.063ab 0.167+0.083ab
16 0.392+0.068a 0.449+0.124a 0.441+0.139a 0.477+0.059a 0.433+0.124a

17 0.928+0.174a

1.045+0.211a

1.001+0.272a

0.972+0.215a

1.040+0.340a

[f—47 PR RING FEER IR 25 57 .35 (P<0.05)
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Fig.4 Venn diagrams of peptides obtained from sauced ribs at different storage time
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Fig.5 The distribution of the numbers of identified peptides
from sauced ribs at different storage time with pepsin

digesta categorized
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Fig.6 The distribution of the number of identified peptides
from sauced ribs at different storage time with pepsin

and trypsin digesta categorized
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