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Effects of Different Cooking Methods on the Quality
and Volatile Aroma Components of Wrapped Pork Chops
LIU Shu-ping, FANG Wei-jia,SHI Chang-bo

(College of Tourism and Culinary Science, Harbin University of Commerce , Harbin 150000, China)

Abstract: :In order to explore the effect of different cooking methods on the quality and flavor of wrapped pork chops, the
effects of different cooking methods ( decocting, frying, and baking) on the texture, water content, maximum shape variables,
cooking loss rate and flavor of fried pork chops were studied by conventional physicochemical methods.The results showed that
the effect of decocting and baking on the shear strength of pork chops was significant( P <0.05) ,while frying temperature had
a significant effect on the mastication of wrapped pork chops( P <0.05).Compared with frying and baking samples, cooking loss
rate and water diversion loss was less in decocting samples.In terms of electronic nose result,the principal component analysis
and linear discriminant analysis could quantify the contribution rate of principal components and the difference of flavor among
samples. Furthermore, the flavor results showed that the flavor compounds obtained by the three cooking methods mainly
included five categories: alcohols, aldehydes, esters, acids, and heterocycles. The highest flavor types were decocting (44 ),
followed by baking(37) ,and frying(35).The relative content of alcohol was higher in decocting and frying, while the relative
content of hydrocarbon was higher in baking.There were 12 kinds of sane volatile substances in the three cooking methods , and
7,3,9 kinds of unique components in decocting, frying, and baking.In general ,from the perspective of food quality and flavor,
fried pork chops were golden in color,soft and tender in taste,outstanding in flavor and better in quality.
Key words: wrapped pork chop ;cooking method ; quality ; aroma ; gas chromatography—mass spectrometry ( GC—MS) ; electronic
nose
HE D ES TS251.6 CRRERIRAG : A X E 45 5:1002-0306(2021)01-0257-10
doi:10. 13386/]. issn1002 - 0306.2019120288
513z XA, T AR A , A R R 5 R A 8 R ot B B 4% e P A O3 R [ ] B Tl R, 2021 ,42
(1) :257-265,270.
LIU Shu- ping, FANG Wei- jia, SHI Chang—bo, et al. Effects of Different Cooking Methods on the Quality and
Volatile Aroma Components of Wrapped Pork Chops[ J].Science and Technology of Food Industry,2021,42(1):
257-265,270.(in Chinese with English abstract) http://www.spgykj.com

5 H H#5:2019-12-27

TEF RN A (1982-) , 4, ¥ 4, 81332, AF R 7 @) 45 % 4% T k4L, E-mail ;: liusp201 @ 163.com ,

ELTH: T44A2wI 555 2R EE LB FE R B (PRKX201906) ; 2 4,1 4 W+ & #5F & 55 4 (LBH-Q15072) ;2016 474 5 7 b X
FEA AT LT A (2016QN059 ) 595 R % B Ak Kk 5 1 A5 & 35 (12DW030) 52016 4 b R E R b X 4% MR A B A B
(2016TD003 ) ;2019 < AT 4 & F 3 H #F A F — AR A 8 (SIGY20190336)

20214 550141 257



I@ésﬂ%&

Science and Technology of Food Industry

AN BRI S RN P S L SR N I A 2 A
FI R AT BB i 2 B9 — S XU & 5, TR A0 19k HEL i
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Figm ook, AHEERTE , KRB BT EAE
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H AT 2228 X0 A [ 2 22X PR il o o S e XU
MR E AR £, Elisa 257 A 58 A% IR 18 20 %0 1A & BT 5
AN, Wang 25530 3 % S L 50K I Xt
HIFFEAS [RMEG 1 18 25 T 2% B £ P 5% 5 ) 5 i, 9T 5
IR T 2O L RBCE B BT A SR S35 )
o VCERERAE LA R R 37 20X ER K RS b TR
M), 75 2 A A R KIS B B 1 ECE YR A
AP I E IR B . BT A TE 2l Oy 20 B A% T 1R 2 BT
S, {ELXF S PR I S R AT A 2D TR S A Y SE B
YEFSERRIGE T X T 2B k250 . A
ZERFEHE R W g X G2, W 5 ik O 22X R s il iR R
SRR HE R A S BT B XU 52 1, Sk 2R 5 HE ) 28
T 3PS P .

1 MRETE
1.1 Rl 5EE

A SR A2 THEURE L Eh R
LRI  —Z R T RAREE T o

TA-XT PLUS B PEM e SEE SMS A Hl;
JD200-3 LKVt ER A ZS A R A
MC-DY28Easyl01 AL UF£Y T HREMAE R A A ;
YZ-1531 A MES TR AK HEHBASRE
BN W] s Inose RUEY 5 | i &g By [ BR 2 55 A BR A
BB B — RS R A
] ;7890A —5975C GC—MS Bt FHAY 26 H 22 HE e
NN
1.2 XZWH*E
121 T Z2ZHB BEAEENEHBE R -k —
FM— R b R o
1.22 T ZHAEZE TALER K BUA P R, U1
J% 6 cm x4 cm x0.5 cm WIRE A A, A A B 20 g, &F
ARV 3 AT,

JifE . ME AR B ER 5.0% R 15.0% | B Y
0.5% AL 0.5% , ¥ ME I I SI R IK TR IR R 3=
I, T 4 CyKFEMER] 40 min,

ZEM TR R - IR R - - IR R - TS

il s (1) R : RFEFE 160 170,180 190 C |
FIH 5 min AbFEATE]— B B (7 50 mL) 5 (2) K
il : PYBEAE 160 170 180,190 °C Ry 5 min, ZbFH—
2B BT (7l 200 mL) 5 (3) #51 : AIAE S5 B AE 160
170 180 190 °C F &4 30 min , AbFH— = Hef HH i o
1.2.3  ZEMIREHER & T B AU 3% 430 2
1.2.3.1  BEEIPHE LA 10 2 &t B ATt
M A IERCE VTR AN, R SR 5 HE R AR
ZHAUIRAS ( HBFIE R 5 AN s Rtk gE AT 9P, VR
PRAEANZR 1 s
1232 TPA Jl%E S HBILESE Jr kIt RfE Bk,
2 LET 4 J7 a3 B x 95 x @ 3 em x1 em x 1
cm ZERIFEHEVEAT TPA 585Y) J1 & . KA P50 £
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Table 1  Criteria for sensory evaluation of wrapped pork chops
thi Wb i
PO o N AR S 7~9
JERES SRR, T A RO 4~6
Shre R HEEER O, AFEAY 0~3
AT X B A, JOSR IR 7~9
sk A MAE R AR, TR 4~6
e £ O os
Fra A Sk (R el 2R )
WRI5ERE  TLRUR , VB 7~9
Yo s RIATAE, e
HEURZS HYUER I

YRR S8 76 Wi,
ZH SRR BRI , B R
TR ffe , B3 ARG 7~9
(mP72 BCBRG 5 R R BN ARG 4~6
RERMG , B B ANTE |, B R i RS 0~3
PRI A , SRS T, = il 7~9
TR , W R M 4~6
PR B e S, ARk

Wk, TN

0~3

AN
0~3

Sk DA U7 AR AIEAT 5T Ml ) 1 43 AT, SRR
S TPA 250 N, [aIF2#E 524 30 mm, #4f J1 2 0.4 N,
MERXB R R 60 mm/s, JEAR & 25% . B Y) J1 L)
B SRR , #8K 845y HDP/BS (W HIJC#
H IR, 2808 N JI RV 6 250 N, EIG I 2 N,
P oA 30 mm/s, [A]FR R o 50 mm/s, [B] Fi BE
B4 20 mm,
1.2.3.3 RGPS RNE S S50 T JrkIr R
YR, FESL DR, FREX 2.000 g #E0TCN my , 3CE T
B 105 °C s X J 46 o, B 3 & A 75k A4
A2/ T 2 mg) 45 1L TR (25 6~7 h) , Bk
Femm ROy, m, , AR B 4 IR, K& (w)
RN

w(% ) =(m; —m,)/m; x 100
1234 H B AR LRI PR A T
2 ( Deformation Rate , DR) 312,53 H .

DR(%) = (L, —L,) /L, x 100

o Ly A RAERTERAEAK, em; L, S
MR, em (K5E/5) o

SRR SR ( Cooking Loss Rate, CLR) A1 354y
KA

CLR(% ) =(m; —m,)/m; x 100

K. m, R, mg; m, SN LS
H,mg,
1235 T ELEERKE I 2 B A Oy ik
FFRSVEAE 2L, PRI 2.0 g SRS HERE & OB i R A
40 mLAE SR, I o5 5 =, P S B R AR AT Sk
FHANE SO, >R T 28 W AL R4 T HL - 5 43 BT 92 36
W E 25 A7 < AL S8 4% 18 UE I 8] 120 s, A & 1 & I (8]
10 s, A iR 500 mL/min, K I B [A] 60 s, >R 32
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Table 2 Effect of cooking method and cooking temperature on sensory evaluation of wrapped pork chops

i BHIR R . I y . - =
Bkl r =X (C) uREH HLURE g% VAU SIS KA

160 8.7 +0.5"" 75+0.1" 7.8 £0.7°" 8.5+0.2" 8.5 +0.1°" 8.4 +0.2""

S 170 8.8 £0.1" 8.9 10.1”‘ 8.9 +0.1" 8.8 io.3a'f 8.6 £0.4"°¢ 8.8 10.23‘*‘

o 180 8.8 +0.2" 8.2 £0.4"¢ 8.1 02" 8.6 £0.7" 8.7 +0.2" 8.5 +1.2"¢

190 8.7 £0.3"? 8.1 £0.4"°¢ 7.2 +0.7" 8.6 +0.1" 8.6 0.2 83 £04""

160 8.6 £0.2" 7.6 +0.1°° 7.7 03" 8.5 02" 8.4 0.1 8.1+0.5"

o 170 8.6 £0.4" 8.8 £0.4" 8.7 10.7“{“ 8.6 £0.4" 8.8 10.1“1.‘ 8.6 £0.7""

180 8.7 £0.1"" 8.3 +0.5" 8.4 £0.3" 8.6 £0.4' 8.5 £0.2"P 8.5 +0.8"

190 8.6 +0.3" 8.0 £0.4"¢ 72 +0.9" 8.5 +0.5" 8.5 +0.7"" 8.3 +0.7"

160 8.7 £0.2"" 7.5 +0.1° 7.8 +0.7"" 8.5 £0.2b 8.6 £0.1"¢ 8.1 02"

- 170 8.8 +0.2% 8.8 +0.4 8.6 +0.3" 8.7 £0.7"" 8.7 £0.3" 8.5 +0.7°%

180 8.7 +0.3"° 8.2 +0.5"¢ 8.4 +0.2° 8.6 £0.4"" 8.6 £0.2"¢ 8.4 +0.3""

190 8.7 £0.4"" 8.1 £0.4"¢ 7.2 +0.1" 8.5+0.57 8.5+0.2% 8.1+0.5"

T ISR A PR B3 22 57 (P <0.05) |, Jerp /N B [ AR I — i 7 A [l B2 4 A 2 Sk (. 3% (P < 0.05) , R'E 7

RERFRER R 5122 b 35 (P <0.05) ;% 3 K 4 A,

8535381 ( principal component analysis, PCA ) Fl1£E 4
F) 3= #T (linear discriminant analysis, LDA) , X Fi
15 BB DEAT LR G 53T o

1.2.3.6  XUBRP BTN E  HS-SPME 254 : HEwH FR 4L
5 gk RS HAE S T R RE T AR BROCR AR R T, i R
JH 75,65 wm PDMS/DVB # H{ 3k ¥ GC-MS #AE O
T 250 C Ak 10 min #fi AJf T, 7E 65 °C T 25 A2 EL
30 minf i, Pt ES D AR Bk, I 7 BV A A SAH £8
FEALIERE (IR EE 250 °C) i, B AT 10 min JEAE

GC 4541 - 22484 19091S-433 B4HAFHE (30 m x
250 025 um) 5 0T A E5 SIS (LT > 99.999% ) ;
P 1 mL/min; BEAE TR 250 °C L, 203 o 20 1
R TR R B IR IE E 40 C, £ ¥ 3 min; L
5 C/minJ} & 130 °C , {488 3 min; /- L) 8 °C/min F}
Z 200 C, {4352 min; HJ5 LA 2 °C min ™' F}FZE 250 C,
B8 2 min,

MS 254 B FHEE, B F R REE 70 eV, B
TURIRSE 230 °C 4 ZATURIE 150 °C, 53 471 4 9 [
35~400 amu, 5 ZEIR 4 min, §fi B 1R )& 280 °C . ¥4
TS ARAETETE , PR 42934l

SEPEFIE B 537 iz B NISTOS.LIB F1 NISTOSs.
LIB #RifE i ZEXT GC—MS J51 ik £ P iE 47/ 42, (R B DL
TiE B2 KT 800 (e KAH S 1000) 1y fb5 42 , >R JH i AR
VA — T A W BT TR AR A 43 e
1.3 HiEaE

SO BT SR FH L T S O S AR X S S HE R
P S # P E AT 43 43 A (principal  component
analysis , PCA ) FIZk P44 51 X, 43 #7 (linear Discriminant
Analysis, LDA) ;Excel 1 Origin 8.0 {4 34758 43
Azl B 2, SPSS19.0 B4 T 343, A
S AL 3 U, BRI £ AR 2EEROR .

2 HRE5HH
21 BAEAXERGERENEMEHERE TN 2
FE 2 TR, AN [e) skl Jr 2UEH 1) 43 A os @ e

PP FE AR Y B BGRNIR B 3 in ¥ 2 8 LA E T
[ B A A, 2R HERE A 170 °C s, JIE S R sl ) 3%
PRRT a2 R W 2 e T A A IR 4 (P < 0.05) , 1)
&1 170 °C 5 180 “CYREELH [F] 25 5+ w2, H —Fhzh
Hil 7 =CEIHE 170 °C B 4553 B ey, Ui BH AR Bl st v i 7R
FEAR S FEHERBR AN ST o = A 520, PATA] LR 3 R
T 2R E P o, Bl 170 °C i B8R R HE % e Fn
FERTT 2 P W3 s T HE A4 (P <0.05) , H4H 4
AR VESF 5 170 °C K5 i FKEH4H 0 i & 22 55, i 1
JEPES 5 170 CHERITC 35 22 55, Y T HAL 4 21
PP R T 3% AT 4 B 68,05 Y W) B, AR 2 i) 7
BT RIM7K 43 FZH SR A5 4, (A5 5% HE G R = 5, SRk
B FERIZE T T v R 2K 43 AN T 1) S ik i ook AR
{755 HE T ML B A, 1R B, o 3 I TR, R AR 42 A2
PEEC2E . 1 T &k R TR Y i TRHE R, K S e B
JUEE SR HE O RS MR BRIR , AN S e . A
SMSKRE , B 5 XERI R B T HER &, B H <
R S E
2.2 il 7K 5 BHIR E X R SE HE RS2 i

FH 2% 3 BN, 3 Fhailil 7 2N i) LR 43 AT o R
il s I AEHER By U] J s i 2 (P <0.05) . 3 F
S T L PS5 IR o3, Bl S8 R RE A 3, 55 U)
T RIS T RS8N, BIY7E 170 C i, BY
Yy s /ME, W /T 190 C4 (P <0.05)
3T > A G TR RE AT LA PR 04 B U] ) SR B G R T R
B8 i PR e D I WAL A4 1 e B, T B o TR R T
=1 5 Y0 0 B 1 i T 6. 2 UL B Bk A W4 i K
FrE .

SPESE L IR, 3 R O YA ) LS R R
B Tl s Mk 2 N TR AN KE ST (P < 0.05) o Bl & 2R
RS B BG i, =R U B SR 2 e T
B S B v A A8 180 °C A, 3tk 34y 3K 2] e /IMEL,
R N R IR PR 1 T v, SRR R I 1) UL B 2T 4 45 A4 BT
24 BT [ E A A R R A RS T i, 48 HE PN IR R
IKAE A BRI B g, B 3k 5 R AR 0 R E AT
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Table 3 Effect of cooking method and cooking temperature on texture of wrapped pork chops

s MRS v S (i) BeRiE(N) e B (V)
160 32.63 +1.34" 1.67 +0.04"¢ 19.60 + 1.49" 11.12 £2.60" 20.03 £2.05""
- 170 24.60 +1.57¢ 1.66 £0.17°% 10.21 i0.52“k: 8.61 i0.56('H‘ 1531 + 1.59‘*'f
180 28.20 +0.91" 1.28 +0.14" 20.18 +2.69" 12.42 +1.65" 17.32 £2.50"°
190 43.08 +1.07"" 1.47 £0.14"° 23.03 +0.80"" 14.77 +2.34" 24.10 +2.37""
160 34.90 £0.34°C 1.82 £0.04™° 28.67 +0.90" 26.78 £2.56" 26.94 £2.25%
e 170 33.56 +1.24C 1.77 £0.02"" 23.90 +0.49" 15.95 +2.06™ 26.20 +0.59°"
180 39.43 +0.83"" 1.69 +0.08"" 22.49 +0.72" 20.48 +2.57F 33.13 £1.03"
190 47.53 £1.05" 1.99 +0.02** 26.81 +0.43* 30.81 £2.82°¢ 40.27 £0.63"
160 58.08 +1.06 0.94 £0.08h™" 30.49 £2.19" 27.65 +0.92°" 48.66 +2.65"
e 170 4122 +0.94"F 0.82 +0.18"" 19.18 £2.11" 29.38 +1.35°" 39.20 +2.35"%
180 62.68 +1.27"° 0.71 £0.11°" 23.01 £2.65" 37.08 +1.00" 37.58 +2.40™
190 71.19 +1.81" 0.85 +0.15"F 3476 £2.52* 40.57 £0.65* 49.90 277"

AT A5 43 F 38 Bk VB FH 0 5% T2 Ak B RS, T e
R

3 Bl o7 2L P9 43 AT S s 6 o R RE X i B
FL i 2 (P <0.05) , 17 il I8k B o L ngg 4 2 i) ol =8¢
(P <0.05) , H 3 Fhaifil 7 2 i 2 10 g Mk Y57 bl 25
Y b A =Sl O Y S WA W ) = B s
X A RELEG PR 2 AN T L T ke il o S o R R T
15, A AR P R, WP AR T R MR sk 55, [8] BsE A
Rt 25 UL i £ 4k 26 9 8 i B0 25 M 14 A8 Ak, 5 i nE g
PR .

il BE 45 0 W, 3 FhE ik Oy =G 1) He g AT A R
T X R 4 HE A R ) i 2 (P < 0.05) , Bifi 35 24
R 3G N, 3 Ap il Oy 20T B4 6 EE XA 5 05 T [
JE¥E IR, FUH] KER T 170 °C B4 BE 18 3 F /)
B, MikEHITE 180 CAfikEH/N, H 35/ N T 190 C4H
(P <0.05) ., Bhteeeas " WF5e & B, 6 3 10 A8 1k 57K
Sy AHSG, MUK B <21.5% B, HEHE ) S
KA B B A e .

23 BRHAXRERFEENEMEHASSE. &
AKELTEMZITHRA RN

b 2E 4 AT, Bl 2 SRR RS (Y30, 3 b BRG] O
UK A3 B ¥ 2 IR W T B a3, AN R 2] 7 =X
HNGE R B ARG FTRFEBEBRE(P <005), 5
160 CAHLEL,190 C R RIKEIE K 48 B T R340k
40.5% 42.4% 46.5% . KPR ds EE R P AL
Eh K T 75 R T B . B A S IR R O B, A [R] S
il 7 2 N a5 SR R s e ROB AR Y 2 R R
(P <0.05),H 190 CHBFE THEREH(P <
0.05) o AN[A] ) WILET 4k 25 40 1t 58 25 58 HEWA A 5 AN [R]
TR, 1717 A ) B4 S8 ] 0k 88 e 2 35 AS ) AR AT A s Tl
R 25 IR I T, SR AR R 2 AR W T
AT ] 20 2H P &5 SR 0 s R IR S AT AR
SRFEFLM I (P < 0.05) |, gA 1] Eh A AS [m] i) O =g
R B ) AT A R /N TS (P <0.05)
SATIN T R, 2SR A 19 2Kk R B AL AR K R RS
HEMIR TS T LUK 43 o 0 e — i R

K4 B S AR X A HE R 25 i I O AR R A R AR

Table 4  Effect of cooking method and cooking temperature on moisture content,

maximum deformation and cooking loss rate of wrapped pork chops

Ll AL (C) Ko B (%) BRI AR (%) SRR (%)
160 30.27 £1.35* 2.13 +0.23" 2.75 £0.74%
Bk 170 2791 2073 456 +0.51°" 424 +0.05¢
180 22.71 £0.54" 7.46 +0.50"" 6.72 £0.39""°
190 18.00 +0.32"¢ 13.50 £0.31*"* 8.77 £0.55*"%¢
160 26.91 £0.56"*" 2.96 £0.15" 11.38 £0.89°"™
Kl 170 24.14 £0.15" 4.83 £0.25" 14.42 £0.51""
180 18.90 +0.85"* 8.76 +0.20""" 14.09 +0.85"
190 15.50 +0.50°" 15.83 +0.15""" 22.90 = 1.67**"
160 2839 +0.67""" 1.37 £0.30" 14.90 +1.67°
oy 170 26.70 +0.93**"* 4.86 +0.41°"" 20.02 +1.50""
180 23.10 £ 1.01"**¢ 10.01 +0.18"** 20.02 +1.65"*
190 1572 0.9 19.40 +0.52* 2449 +1.18"
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R AL R A PG A v A A R AR
A WA i S U ET 4 3 1 0 AR PR 2 5 L LSLET 4 1)
RLAE AN ERAE X — i R L R B WIS HE R Vs ™
TR AR I I

2.4 77 5 A SR B X 55 M RE HE IXUBK 1 22 i
2.4.1 AR BE X SR A HE AR S R R R R )
24.1.1 AREEREIEE SN T T 14 HRAR RS X 32
RS DU 8 2 Wi 97175 O, SR B8 A3 ) 73 B A% I
Wi 1775 250 5 A5 1) e R A2 S i M) 2 L, K e AR g 07 L
By HEA TR LAt s R Y . 25523
L1 S3ATT, FEL 5 o X 2R 5 HE 1% 44 25 M i o A7 I
Wi 13, 25 A ity i 7 AL 341 KT 0.5, 8 A2 HL 5 5 14 i)
TEIRARZER o il Ty A0 i (e A% S g 107 (0
AseAf R, (A F I AT R . 7% Jgeads S5 .
STL U Y B 2K | 2K | B2k 557 /R & 15 e 26
JR2e) b FEMIE RS A o 5 RS T e B A v )
(P <0.05) . FE&hEITC2E S AR BLAE S1 5 S8 (X )7
M BEE Y AR TS |, HoAt A 12 i 12
PRI 2E 53, v S12 (XN TP HE R AILTA R ) I B 4
T, 225 B .

BT BRI HERE S RIS

Fig.1 Radar character of wrapped pork chops
2412 ®MTESKEMgEE  H 548 % ( discrimination
index, DI) J& X 43 F&2 & ) R AEAH , 24 DI {HAE 85% ~
100% INf, B il X 03 808 35, PCAL Fil PCA2 SRR
— ST ES S TR AR, TTERR I RN 5 3R
A B RN R BOE LY, — A S ST ek AR i 85%
G192 R

o & 2a AN, AN [6) R I R 00 250058 HERE &

PCA1 F1 PCA2 43515 95.8% 5 2.3% , Gk N
98.1% , KT 95% , B I X 2 4> 143 4 il 19 — 47
TE] T LA sz B A ] e il Tl B T 1) B0 HEA S B A
FE . 170 180 °C %43 U 1d W HXUBR e 43 254l 1
ZHAE A AT R HLRE S B Ik DX 43 T, 3R U il 25 AR
W T E B E R 25, i 2b fiss, LD1
FLD2 (45 25 BT R 43 51 2k 89.3% F1 10.7% , 5T
BRZE N 100% , ANFERE T = MIB AT S, XI55
A, 6B Z 7 5 T A ALK 43S [R] R i B T 2R
FEHE O SR .

o & 3a AT, AN [E) KE IR BE 0 250058 HEAE &
PCA1 5 PCA2 453512k 97.9% 5 1.5% , — 34 A sTik 3
ik 99.4% , Bd B = R 43 1T DA s AR R SUfE B . DI
{E >N 99.3% , Ut B AN [R] K il Bf 18] 09 % HE S LB A B
B2ES . 190 °C 5 HABAE & o3 A T AN [R] G2 BR HL#E 25
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pork chops at different temperatures
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Table 5 Volatile flavor compositions of wrapped pork chops on decocting,frying and roasting

N B8 1 i . e 2 AR5 (%)
LE . et e i b i
3.18 2 Ethyl alcohol 23.15+0.24 21.28 £0.01 18.26 £0.21
5.14 2,3-1 2,3-Butanediol 0.43 +0.33 - -
7.84 F A T Cineole 4.28 £0.35 242 +0.20 1.97 £0.07
9.66 KR Phenethylol 0.29 +0.27 - 0.22 +0.18
3.06 2- N 2-Propylol 0.17 £0.01 - -
Rk 5.14 2- T 2-Butylol 0.30 £0.20 - -
4.15 1- i s 1-Amylol 0.54 £0.23 0.74 £0.03 -
7.23 1- 245 -3 - i 1-0Octen-3-ol 0.69 +0.21 0.56 +0.07 0.33 +0.21
20.26 i Benzyl alcohol 0.30 £0.38 - -
1.82 TR Cyclobutano - 0.80 £0.10 0.60 +0.22
8.710 1,6-2¢ 453 1,6—O0ctadiene—ol 0.158 - -
At 11 Fp 3124 £022* 2582 :0.11" 2134 £0.17¢
5.25 2-FHELTHE 2—Methylbutyraldehyde 2.33 +0.32 0.72 £0.34 0.85 £0.30
7.67 3-HIL TS 3—Methylbutyraldehyde 490 +0.84 7.76 +0.30 -
4.86 [N Caproaldehyde 7.54 +1.52 11.65 £0.25 6.02 £0.25
7.93 I8 Benzaldehyde 1.35 +0.41 1.46 £0.51 2.01 £0.33
. 11.30 R -2 ,4- 2 T IERE Trans-2 ,4—Decadienal 0.78 £0.25 0.29 +0.42 -
- 2.53 T Butyraldehyde - - 247 +0.31
8.86 T Nonana - 1.02 £0.38 0.55 £0.21
2.69 X Glutaric dialdehyde - - 0.13 £0.28
3.15 | Undecanal 0.18 £0.23 0.21 £0.13 -
3.21 + Dodecyl aldehyde 0.65 £0.07 - -
At 10 Ff 1773 £0.83Y  23.11 £0.39*  12.04 £0.29¢
9.44 215 AceticAcid 2.16 £0.17 - -
12.17 R H iR Benzoic Acid 0.49 £0.12 0.51 £0.01 0.51 +£0.30
78 6.341 RILL TR Aminoacetic acid - 0.55 +0.13 6.34 +0.11
15.980 1,2-2K g Benzene—1,2-dicarboxylic acid - - 0.23 £0.07
3212 2- TR 2-Fumaric acid 0.50 £0.13 - -
St 5 Fir 2.65+0.15* 051 £001" 051 +030"
6.89 BTk B~Pinene 291 £0.15 - -
6.06 a- ik a—Terpinen 4.14 £0.14 3.05 +0.34 -
6.89 Bt B-Terpinen - 2.52 +0.12 -
7.30 3R 3—Carene - - 22.58 +0.42
6.41 s Camphene 5.72 +0.32 1.58 +0.21 1.39 +0.35
7.06 B HEN B—Myrcene - 0.86 £0.02 1.72 £0.11
7.61 d-FriEds D-Limonene 6.00 +1.14 5.04 £0.78 9.65 £2.12
7.71 B-KFTH B~Phellandrene 2.12 £0.22 - 0.73 £0.06
J2ES 8.45 ok Cyclohexene 0.96 +0.36 1.35+0.23 0.38 +0.03
11.80 FaRE 1-Caryophyllene 1.40 £0.39 1.65 £0.21 4.34 +0.11
12.39 RA[3.1.1 ] g&-2-4 Bicyclo3.1.1hept—2—ene 0.38 £0.01 - 0.15 +0.07
12.39 1,3-3%c — 4 1,3-Cyclohexadiene - 0.17 £0.02 0.96 £0.06
2.18 Fht N-Octane 0.54 +0.03 0.23 +0.03 0.21 £0.07
6.57 AR Decane 1.05 £0.02 0.71 £0.12 0.59 +0.09
7.68 E+ ke N-Dodecane 0.42 +0.10 0.53 +0.08 0.41 £0.04
3.18 FLH ELIA T b Cyclopropanemethanol 0.24 £0.07 - -
6.23 L Heptane - 0.36 £0.10 0.29 +0.08
J5878 17 #p 25.88 +0.21P 18.05 +0.08° 43.4 +0.03*
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bR g

N I . AHXS F5 hE (%
fog R fEamaTh AT o T
4.68 TR TR Butyric acid ethyl ester - - 0.21 £0.03
5.90 AT Tg Nonyl chloroformate 0.24 £0,04 - -
15.97 SR R T iR Phenylpropyl phthalate 0.24 £0.03 - -
g 16.67 1,228 W R I 2 iR 1,2-N-Octyl phthalate 0.27 +0.08 0.48 +0.10 -
15.97 SR RS TR Dibutyl phthalate - 0.43 £0,08 -
6.264 2- IR 2—Dmaema - - 0.45 +0.33
8.170 2- IO IERR 2—Fthyl isohexyl ester 0.88 +0.14 - -
Eit 7 2.11£0.08* 091 +0.09"  0.66 £0.03°
1.41 N-C i H i N-Hexyl methylamine 248 +0.08 0.96 +0.13 -
9.23 2- WA RN 3 2, ke 2-Methoxy—N-methyl ethylamine - 0.09 £0.12 0.09 +0.12
2.15 2- T ~Butananiine 120003 074 £0.12
7.68 2- TN ik 2—-Propionamide - 0.33 £0.05 -
21.33 3-KTA NG 3— Amphetamine 0.20 £0.12 0.24 £0.02 -
15.15 1,2-2. % 1,2-Ethylenediamine 0.10 £0.01 - 0.28 £0.03
22301k 19.75 1-15|WE-3— 2, Ji 1-Methyl-3-butenone 0.34 +£0.04 - -
7.46 3T K2 3—Butene—2—ketone 0.77 £0.12 - -
7.51 2,3-3 il 2,3-Acetyl caproyl - - 0.37 £0.05
7.72 2,5- “HIE-3- 2 Fknk 2,5-Dimethyl-3-ethylpyrazine ; 0.15 £0.21 1.00 £0.12 2.34 £0.13
7.74 2- W HE-3 ,5- — Z L 2—-Methyl-3,5-diethylpyrazine 1.11 £0.11 0.82 £0.01 1.11 £0.06
1.670 2-FRHN B 2-Hydroxypropionamide - - 0.37 +£0.02
12.430 2,3- LI K 2 ,3-Dimethylamphetamine - - 0.15 £0.10
At 13 Fip 447 £0.08"  4.64 £0.04>  6.53 £0.12°

TE AT AR PR R BBV 225 (P <0.05) - REH
(LG s 13/ 0e ey S S
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PR, P I S 5 IR TR 1 SR A I S A SC K
=G 7 U RO AR A R O R B Y N SR
1, B B R 22 i Ty B A R 1 AR AR
g3, T 7 AN A R A B IR T A, T Al
ANV 7E 1 HL A WU 2, B PR i e A
BT A PR 2K 1) ST, RS HE ™ A B 4% S 1 ) o
ARXTHE > (B —LE Y Strecker FEARSCHYTEIS N2~ HI
LT SR A HE T R B W, A S = A
il 7 A X — W) BN W% & o A A 32
A K, b 5 JFOBAS B 56

3 APl 7 A 1L R L SRS B
AHXT & B ER A T 25% DA b o BRI Y R R 2 W LA
I AR S AN TR AR T OIS, L AR v S D TR e 4R
L P8 2 BT A, XF XU 52 W) AN R ) S AR AR, 57 3
SIS o, X AU 52 i B R R R S AN AT, Tl
K A R AN TR R U5 1 S K i SRR O AR — AR
SRR o AR B— PRI o= il M 8- T AR
i AT PTI oo— dAR AS TR T2 AN I R A 7 )
PR, D— AP0 55 3 — B Jai ) HL AT A AR 2R A
R, T2 2R U TSI B A R, an SR P AR AR JX L
JEISWI TS AN W, B SR HE AR XU A —
Y BTRK

HAT R A 0 15 IS BRI, 7 W il A R 1Y
PR A 30 WP A T IR AR IR g 7R R A, 6 IXUBR 2

264 S0z 5z01m)

A TTHRIE S SRR R e R 2 Y Bk
Ps IR A R R PRI B A ™ 2 ) s el v iy ke
F -5 9 B S JUT R A AH ELAE o = ZHL R b o AR
AR RIS BB, AT 1 B AT AT, X T E i B A
X T7 UM B9 35t 2 /N T K i A il GX Qe g6k 1
TR AT S U6 e BUBHI B9 A X e 2 5 e — 2 1 R
FHVER o TR i I B a1 R S R AR N, A
B LI R R I A A

R I 2 AL S AP 25000 7.7 8, i
IR, ARER ARG W X A HE XU AT — S B9 1E i A
Mo BRI FNNE D7 1R 32 AR I [ i 01 58 17 8
ISR IVALS Vst 7/ L TE SR R A e SR SR B e i
ORI HEAE A RIS AR AU s ARG 0 1) 7 4 4 o
¥y 1A, B K. PR W SrE JHE i i T A
B, BRIA A W 5 2ok 1S T 7K i DL SR T S A i
RErh = AR BN T IR DT IR , AELRE S 1R A BN B 251 T
RIS T 2T AE ™ o ARSI DA S 9 Bl 25 1T LA
FIE RIS 5 BIHE 0 SO0 v, AR B9 b 2 PR A
CRESF RN, A HEIR 2 IKSE ) 3R i e, A e
RPLPERNL, A ARG Y, 28 LS W) IR 2 A BY
AR ™ o = Rha i D7 2R A Y i e 244
eG4, ELRE ) B AR X 8k O T B AR WF 5 A
BRHE G 2SI I TR AR R e MR XUR 4 BT (L = A il 7 =X
RS np g 2K Ak 5 W Fh 2 B /b X T RE R DN O A HE
T 1 A B 00 1 28 4 PR XU A o 7 2
3 &it

A6 VL BE R HE S WFFE X B, R 5T il J7 X
55 20T R X SRR 4 HE o B S I, 45 2R I s 3G T
U TR IR B 4 7 — R R BE L 5 e R A HE o I
LG RCE VT S AR AR PR AT, 170 °C B BY 25
HECPE G B0, SRR LI, BRI L. RS R B
170 55 180 °C i & 2H [] UK o3 $2 00T , UK 435 2L 12k —



ﬁa:ﬂ%&l

bR g

I3 Rl 7 AR BN KURIEL G ) 3 64 A, 32
TEALHE  ERIE WS RIS (RIS (AR EREIX 5 R, Bl
T B IXUR A 2 d5e 5 (44) I il (37) |, K il e
A(35) ¢
Rl 7 2 2 i R X R A HE R A A oA AR
RO o ANSCHR 7N T 2 HE S G A 0 A oA
AR S AN [R) 8 ati) 7 30 B9 2R 45 % A e il o
LN, AT DR s A 7 O] AL ) A e S et e S,
AT Ay R A HE B XU i 53 2 R A 1 B
Ve , dre 24 R M8 HE ™ i 1 B o £l 22 7™ T2
GrE TR 8 A e o AR SCPE XU il o B AR T IXUBR 1
FANIUR RO R e T (NS I R R a R A R 7/ ]
TEANTA] , —Fh 4 2 P Al A5 W X PR o ot 38 A 7 < BT
HRANSE A e T HAR XS & &, PR 22 45 05 R 1) 1%
ARAfE HE— 15 B A [4) 20 il T X3 8] 58 HE 4 AR
XU

S 3k

(1] 56, 3F#0, BER 5 A B AR R BT Z AR
[J]. ¥ BHF s ,2020,35(3) :363-370.

[2]Elisa D H, Alvija S, Per E.Low — temperature long — time
cooking of meat; Eating quality and underlying mechanisms[ J].
Meat Science,2018,143:104-113.

[3]Wang X J,Bertrand M, Wang X W, et al. Comparison between
microwave and traditional water bath cooking on saltiness
perception, water distribution and microstructure of grass crap
meat[ J |.Food Research International ,2019,125:108-521.

(4] 704658, B & 5, 304 B, 5 R ) m 2 T i 3t 2 K46 )
s e m [ J]. e T A3 ,2019,40(11) :63-69.

[SIFR £, & H T, 5 Lok fpm i o o MR 2B A &
ShEM B L RS E Y a[]]. %A F,2019,
1-10.

(6] L3, dR3E 2, T AOBL .3 ) BT 18] x4 56 4 o 2 29 4 & K
KBS EHAE G G [T]. A5 AR, 2019,35(9) .
55-63.

[TTH=%, 3 ¥k, 2E5H, 5 L85 XoME kb gared
SRR LR RRGH )] AR T A3 ,41(9) :264-268.
(81, s, btk L FRAEKGEBHN ALK LY
Fog AR [T]. P BiARS,2019,44(12) :99-103.

(9] %4 AR, ZiEE,F Mkl d AME TG L
[J].&d&A5,2009,30(11) :262-265.

[10] Z 9, BALIE, & A, F Jo ks W P S B AL
s f S R A e v )] A A4 ,2015,36(19) :67-T71.
(1)U A, 2 F , R A5, 5 A OB AT A LR ¢F 24 %
& B e H [ 1] R %A 2011,32(5) :50-54.

[12] 40422 340  H%, 5 . & e T XxF W & it 49 %
[ J]. 2 de 5 ALK ,2017,33(11) :190-194.

[ 13]Pathare P B, Roskilly A P.Quality and energy evaluation in
meat cooking [ J ] . Food Engineering Reviews, 2016, 8 (4):
435-447.

[14] 2ot i@, T EE, 5 T T LG d % R A E
Wk ey e [ J]. A2 S5 ,2018,39(11) :32-38.

[15] Tornber G E.Effects of heat on meat proteins—implications

Vol.42,No.01,2021

on structure and quality of meat products[ J].Meat Sci,2005,70
(3) :493-508.
[16 ] Jaud M, Rouveure R, Faure P, et al. Method for
orthorectification of terrestrial radar maps [ J ].ISPRS Journal of
Photogrammetry and Remote Sensing,2014,97 :185-194.
[17] Wang Q, Li L, Ding W, et al. Adulterant identification in
mutton by electronic nose and gas chromatography — mass
spectrometer[ J].Food Control 2018 ,98 :431-438.
[18]# A , ML H,KRF#, ¥ RAAMIFX " MAELHA" S
LBA SRRk ZFRA[)]. A& 5 R8Tk, 2020:
1-11.Doi : org/10.13995/j.cnki.11-1802/1s.023179.
[19 ]Meinert L, Andersen L T,Bredie W L P, et al.Chemical and
sensory characterisation of pan— fried pork flavour: Interactions
between raw meat quality,ageing and frying temperature[ J].Meat
Science,2007,75(2) :229-242.
[20] LI N, Zheng F P,Chen H T,et al.Identification of volatile
components in Chinese Sinkiang fermented camel milk using
SAFE,SDE,and HS-SPME-GC/MS[J ].Food Chemistry,2011,
129(3) :1242-1252.
[21] BAEZ  HR Rk, TR B, 5 o ME o7 XAt 3 & B Rk &
FRAR[T] A S FH,2019,44(8) :97-103.
[22 ] Wojciech W. Dispersive liquid — liquid microextraction
combined with gas chromatography—mass spectrometry for in situ
determination of biogenic amines in meat; Estimation of meat’ s
freshness| J |.Microchemical journal ,2019,145:130-138.
[23]skMade , 4@, 34K, 5 . & i b K -F #4295 ( Crassostrea
gigas ) B ik ok & W AT [ T]. & e #52,2014,35(17) ¢
170-175.
[24] Enilia F, Magdalena M. Species — specific peptide — based
liquid chromatography — mass spectrometry monitoring of three
poultry species in processed meat products[ J].Food Chemistry,
2019,238(15) :489-498.
[25] Zhang Q, Qin W, Lin D, al. The changes in the volatile
aldehydes formed during the deep—fat frying process| J ].Journal
of Food Science and Technology,2015,52(12) :7683-7696.
[26 ] Berendsen R L,Kalkhove S I C, Lugones L G, et al.Effects of
the mushroom—volatile 1-octen—3—olon dry bubble disease[ ] ].
Applied Microbiology and Biotechnology,2013,12 .5535-5543.
[27]Sun W Z,Zhao Q Z,Zhao H F et al.Volatile compounds of
Cantonese sausage released at different stages of processing and
storage[ J |.Food Chemistry,2010,121(2) :319-325.
(28 13K 4F 3 IR, TR BUAE, 5 . AR ) B I 23 2K 48 R 1
Rk i 289 % 0 [ 1] A s 42,2018 ,39(12) :205-211.
[20] BAKE, % F 4, A, 5 FR TR L5685
FR AR AR E Rk o 6 B [J]. & A 5,2016,37(4) .
25-30.
[30] Andrés J, Rascon, Evaristo B. Trace level determination of
polycyclic aromatic hydrocarbons in raw and processed meat and
fish products from European markets by GC - MS [ ] ] . Food
Control ,2019,101 :198-208.
[31] B 3E, aRaE £, J RBL, & 5 ) B ia) xd 4% 46 % 0 # 7 4)
ou Mk B R EACHAE G Foa [J]. 25 5,2019,35(9) :
(F 4% 270 W)

20214 5014 265



I@ésﬂ%&

Science and Technology of Food Industry

BT o B AT BRI [A] A A FU €0 335 11 43 25 S0 R
VL B AN [a] 37t s AH e ) SRR 04 £33 BB 05 3 B e &
R REATR AR AR R F1) 42 v FL SR WE A 2L 9 35 5
B, R ORI oo 22 2B o 0T ZLAR B I 8 i 0 e A= T
P, R 2 R AE A S T Ad B8 sk I A #8529 B8 2 5 B HE
B o— 2 ZEM A T4, &L mibiE ks
T2 gk, FLARBELE 50~2500 mg/kg 1Y 715 Rl PN 4%
PEX R R4S, R =0.9997 , ZL P H R 5 52 & R 4>
SR E MR A 15 F1 50 mg/keg inAR IR TE 90.3%
~105.6% 2 [a] , FAXI bR iAW 22 7E 3.0% ~3.9% , iz HH
IZ T IEXT T S R 1 27 o SE R ZLAE 3EAT o BT 45 2R
N, FLHSBE R B e P A YR B N . AR R
WA TP 2L A 0 B R ARG I FR AL T — Pl B i fa] i 22
5, RMER R4, A R Tk A DL AL T8
EHER TR .

S 30k

[1] Andrews G R.Distinguishing pasteurized, UHT and sterilized
milks by their lactulose content[ J ].International Journal of Dairy
Technology, 1984 ,37(3) :92-95.

(2] X363, 3K 30K, 48 A A, 3F R R Aw 2 S 40 33 s i &
BRALR S W on [ 1] IRA R ,2019,25(17) :68-70.

[ 3 ] Imeéne Felfoul, Jardin J, Gaucheron F et al.Proteomic profiling
of camel and cow milk proteins under heat treatment[ J].Food
Chemistry ,2017,21(6) :161-169.

[4] 4,3, 2B, F RELF LRI HHR[T].
RE®REL %4 ,2018,41(5) :80-84.

[5]0lano, Agustiin, Corzo N.Lactulose as a food ingredient[ J ].
Journal of the Science of Food & Agriculture,2010,89 (12):
1987-1990.

[6]1SO 11868-2007 # 4L 32 445 LR BEAF M Z .5 AR
A& S].

[7]11S0 11285-2004 445 . 5LHE-4 & agml & BEfEAL 7 & [ S].
[8]NT/T939-2016 €. Kk, % #5L4= UNT X 5L+ £ KRl %
Z[S].

(9] %3, Fdho , A 0,5 . & 20R AR &3 - & LR BAAAE R %
5 dg Al UHT R 3L SLRAB & F oy s b AF 2 [J]. 5Lk
#3353 K ,2017,40(1) :19-22.

[10] Sakkas L., Moutafi A, Moschopoulou E, et al. Assessment of
heat treatment of various types of milk[ J].Food Chemistry,2014,
15(9) :293-301.

[10) 2005 48 5 56 7 FL 30 5L o 60 9L Ao 3L R A
[Cl/FYRARFLREINFLERE . FZRLBERES
M ERARECHBEE 529 T RESRERZA5H . P AL
PARESMELE T AP EALFES,2017.28.

[12 ] Tommaso R T Cataldi, Massimiliano Angelotti, Giuliana
Bianco. Determination of mono — and disaccharides in milk and
milk products by high - performance anion - exchange
(B35 265 W)

56-63.

[32] 53, 20, T 29 % SPME-GC-MS 447 1% M 4\
A HE KV Rk R 289 SR RAC B R S 2 AT [T ] R R &

270 01 zmo01m)

bR g

chromatography with pulsed amperometric detection[ J].Analytica
Chimica Acta,2003,485(1) :110-114.

[13]m#z Fm P ELRBAFRBEAMN T FGITFL[D]. K
W d R kK 2017

[14] R .Skt A S BEMHMIT[D]. RN =@
I 36 K 5 ,20009.

[15]Silveira M F,Pessoa Masson L. M, Pereira Martins J F et al.

Simultaneous determination of lactulose and lactose in conserved
milk by HPLC - RID [ J ] . Journal of Chemistry, 2015, 18 (6) :
59-67.

[ 16 ] Regina Schuster — Wolff — Biihring, Michel R, Hinrichs J. A
new liquid chromatography method for the simultaneous and
sensitive quantification of lactose and lactulose in milk[ J].Dairy
Science & Technology,2011,91(1) :27-37.

(171238, R X . & 2ok A8 & 3% & e # e ) 2 5L
P SLRAE[J] P B 4L Tk ,2018,46(3) :49-51.

[ 18 ] NataliaGonzaga, Lycio Shinji Watanabe, Juliana Mareze, et
al.Green method using water for lactose and lactulose extraction
and determination in milk by high — performance liquid
chromatography with refractive index detection [ J ] . LWT,
2019,113.

[ 19]Jiri Pazourek.Rapid HPLC method for monitoring of lactulose
production with a high yield [ J ] . Carbohydrate Research,
2019,484.

[20 ] Manzi P, Pizzoferrato L. HPLC determination of lactulose in
heat treated milk [ J].Food and Bioprocess Technology,?2013,6
(3):851-857.

[21] B4R =, R, KA, 5 RR EAEN THE T 4 A48T
A R[] A &,2019,39(6) :9-11

[22]Jacopo, Gervasoni, Aniello, et al. Validation of UPLC - MS/
MS method for determination of urinary lactulose/mannitol [ J ] .

Molecules ( Basel , Switzerland ) ,2018 ,23(10).

[23 ] Martinez — Castro I, Calvo M M, Olano A. Chromatographic
determination of lactulose [ J ] . Chromatographia, 1987,23 (2) :
132-136.

[24] 544, A, 5k m £, F HPLC i A A L A % n)
& UHT X 45 P SLRME 7 ke AR 2 [J]. F B 5L5% T 4k ,2006
(3):51-53.

(25 )i R e gy B REAEMTARA[D]. K.
+ i K 52,2011

[26] B, IG5 B AN ERZ TS Hal]]. T 5
By & 4% AR ,2006,45(6) :49-50.

[27] 3wk, RX LKW E,F LG S P 28 Wil RER
Moy Rl armlE [J]. P B 3s T 1k,2017,45(11) :37-39.

(28] Byac ik, IR, B2, % RS MM £ S b
o A1) R E T ,2016,22(2) :57-61.

[29] &bl 23EH, | &R, F . 2 KN4 &H HAEGBELLT
EHRAC[T] A SRAF 5 A4 ,2019,40(18) :97-101.

1101111111111 1111111111111 111111111111

238 ,2016,39(3) :495-501
(3314299, 22, 85,5 HMBIFFERMITER P
Kok T[] ] A% T kA3 ,2018,39(20) :35-40.



