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FURISG T A A== il A o o8 R 2 b e T
b XA RO TE R D | H AR BB X A A
Gr o R T I SR CVM) P R T e 2 T s [ A AR B
A -G 2 R (Headspace solid—phase mi-
croextraction/gas chromatography —mass spectrome-
try, HS-SPME/GC-MS) il 3 Fi#&1 (L& IR
Ay T ) A Ul IR R By SR R B T B
REAS SR ABORS: AN [ 7 LA i O A 22 5, AL
YR A R 2E RN S ) 5 2 2 A5l
ik ¥ FH MassworksTM J5 1% fif #7 4% 1) 45 & NIST11
TP AT 0 6 S R 42 Rl AR S T
PR o N IT R IABR AR, bR S AFUOSR ) SPME/
GC-MS 73 M F A= Tl B35 R o), A B B
PEmE CEE LR SR O SR AR L (F)
—2- I | (E)-2-C I | (E)-2-BEMiE | (E)-
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2-VIREE  (E)-2-T MM | (E)-2-2% 4l (EE)
-2, 4-PEIGEE (ELE)-2,4-5 "B (E)-2-1
— I 1-C B 1-BEEE - IO A A KUK E B
AR BT, S 1 A0 A PR TR A R S A [
o A {E (Peroxide value, POV) B4k 4=l , It
HEAT R BRI, e B A A T2 5 e 5 B
LR AN R B TR 1) S BTG, DA IR T R
1A DTS2 W 24 PR XU B G, ke 20N A 02k
SPME/GC~MS £ AR A= | 4 7 3h 47 i
R 508 JUE R B A5 R ) o R AT LA, ) DA 23 A
A3 B ISR R S SE T AR R T 36 R 59 Filr
5524 3 OB TR B i KRR R R A 2 T
DR . H BT e A R S 2 S R L F
o

BT O0F B A3 43 0 32 2 T B AU 35 -
WELJH] — o 1 Bk B AR (GC-0-MS) K L b 1) R 2
OYMTAE . S e S AP L 3 Y 2 R e
AR A, RS B B A6 I SR TR BUBE
R PRHT R R i rhOX IO Y AR AR AR H T
L O HITE P R S e B R 0570 2 O M ) o 1Y)
3 BT USRS 042 B A e AR € % - LR — BT
T EE R (Gas chromatograph—olfactometry—mass
spectrometer, GC—0-MS ) 2 ¥ S AH (5% - T 1% R
5 LI BRI G (T, R R SO (1 1 0 B
e 5 NS RE 45 &, WK & & i %
PEY) 5T 52 A R PR B o EAT HE ), O R
i A R A ) T RE2H T T2 TR
B A SRS R A B R 0, R GC-0-MS,
P WL S5 PR T 0 (Z) -6 T M T8 2 3 SO Ab B
B A PSR A U2 e i E ) 5 it GC-0-
MS J3 87, F1 Ir 4 B AR R e i B2 eh 8 b ) Joit
FrEL, G 2-HRIR LR 4- AR BEIR Y 4 O M ik
BRI 1,4- " RS 1,2- R T
MLE[3.3.1] T -3, 7- ™,

K H - g SR 8 3% — MR TR — JB 35 BB B AR A
B, BB AT B WLPE O AU s, O] X S 7 ) o
S5, P R B R AT RS T, DA S B B A0 4 T
AT FE ABIE SR HI L 2 A GC-0-MS A
G55, o3BT AR RS 1 A ), W AR R
S, R AT XU i B T AN R S

o
fr

1 MBERZ®
1.1 MRS

9 44y EW F1-F9 .6 A4 MEEIh Y1-Y6.5
A YYD1-YYDS (L3R 1, g Rk B F A
(] 1 7, A 7 T Z0AR TR ), DU I PR AR R
FRAF];2,4,5- = HFEBEME GF # BE 42 (C7-C30)
(¥ 3% 4 9 ), & B Sigma 2~ F ; AR
(99.9990% ) ..’ (99.9992% ) , It &5 & % At 70 <.
T A BRAH L,

=1 REHERER

Table 1 The information of samples

Mo kA %5 JR A= H
45 b F1 T
F2 T
F3 =Bl
F4 THE
F5 Pad
1) # 5%
F7 IR
F8 Z hix
F9 W
Rk Y1 %
Y2 H R
Y3 b &
Y4 L A
Y5 k4o
Y6 T
E YYD1 nEE
YYD2 N+
YYD3 T4
YYD4 T4
YYD5 b G

12 MUER5EF

JA5003 U7 i RO, L 5% T E R 2
IR A BRA R PEN3 BUH 7 5, 78 AIRSENSE
2\ 7] ;CAR/PDMS/DVB ZE Ht 3k, 26 [ Supelco 23
A 5 [ ARG T 3h BEAE T4l , 5 [ Supeleo 24 ]
7890A/7000B S AH 2,3 - J5t 33 1k FHAY , 55 [ Agilent
2 W) 5 Sniffer 9000 P2 [ 4%, %i 1 Brechbuhler 2%
7] ; DB-WAX (30 mx0.25 mmx0.25 wm) {4i% 4, 56
B J & WARHH-1 B FEEKE S, e
ABRATAE
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1.3 REH*

1.3.1 P& & PEN3 AL 7 B AZ B
1 10 i 4 & S AL W 1% T 50 AG B, 1 8% 2 TR B A i
W 2 iR o K 20 SFE S EETT HL - BT . TR
FREL 3 g(£0.001 ) TSN, T /K% 5 b
IR (60 °C) Z ik, 18 5 25 B 10025 20 min, flFE 5
SARBE T R TIAN, 2 A MGA 21 A
R A, F I AT ARk IR IR T0 i 25 A< i
A E o A S 45 B A ) 350 s, SR
FEMEIBE 1 s, W PERTE] 100 s, WA 8 s, 48
W 300 mL/min, #FEF B 300 mL/min , 1% HUL & A
FE 320 FPOF 3R A5 MR 15 5 AT b . B AE
an R INEE A 3 WK,

1.3.2 SPME %1  HE#IFRIL 6.0 g(£0.001 g)Ff 5t
TN, BT MA 1wl 1.013 pg/pl 2,4,
5— =W BRE AR Ry AR, e B 55 J5 BT 60 C
IRV H - 30 min, /A [ER GRS BORG B 7
60 C T Wz it 30 min, Fifi J5 45 W2 B4 A GC-MS
B HERE T FE 250 CAAPF T EMT 5 min, AR AE
a R I EE AT 3 K,

1.3.3 GC &M WEPREE R 40 °C, {RFR
JEAE E 3 min, B FIE VLT A FHE  BA 3.5 C/min
B T 142 °C, P 2 °C/min #0932
150 °C, A 3.5 C/min Ay TR 2 177 °C, LA 6 °C/
min B3 B FHiE £ 200 °C, L 10 °C/min FHR =
230 °C, fAFFREEE 3 min, &4 2R
(99.9990% ) ¥E } 3% <, LA 1.2 mL/min F 3 Ji 1 Ky
BRI S W, HERE IR 250 °C, % E AR
AR

1.3.4 MS %41 MS %&f. 1% (Electron
impact, EI) & 1 , L T RE &= 70 eV, B F I i &
230 °C, PUHATIR EE 150 °C, ML iR 28 °C,
HEEEE miz 40~250,

1.3.5 MUETE M3IABETEMAL 2% 1
55 ) WEL TR, i Sy ML [ s () L PR SR R AR R L] iR
JE o BAFER AT 3 K ERE PR A SR & 55
WLl A B HAT AT 1 AR A IR S BR 22 06, 42
HIT 2 Jo A28 A IR o 1 A A AR IR R L IR
R0 2% 11 IR o0 200 °C, 78 MR ] A 3 5 1 1
AR —— WA 2K A KR T L e A
B 1k RPN 53 e s g T B ) 5 S S L

®2 HTRMERFED
Table 2 Standard sensor arrays and performance

of Electronic nose

% 7] i .
BB 4 AR w6y 2 4 iy 3 A
35
1 WIC x5 A A A Ak
2 Ws5S xR RA A M R A
3 W3cC xR K A A R A A A
4 We6s IS
5 W5C SRR 5 AR AL A AL
6 WIS xR K R A
7 WI1W Xt R AUERAL ) Fo i M K R AR
8 W2Ss xt B R Fo 3 55 5 A kAL At R A
9 wW2w 3t 35 A A A A Fa B URRAL M) R AL
10 W3S bR A

1.3.6 ek A il A2 v B S o 1 s
HEWE .

1) K BARAEA P 0K 3 (51 5 NIST J&
T2 I TS P B X, 1B 436 DG i 38 v I A R 4 51

2) FIH B AR A P e i R K 5240 1E 44
TR (Cq~Cao) 1 H WGBS 8], 22 (1) 235 B b ik &
Y SEPR RUAE . HEXTSEBR RI(EATEEE RIE, H)
W7 2 1

RI=100x+100x =1 _ (1)
<n+1>_Tu

o on——F G I AL B R 1 TR
T——HA n ME PR IE B C, IR BRI
6] 3 T(n+1)——EA (n+ 1) 05 5T B0 1E A8 Bt b
C(n+1) W08 B I 0] 5 T——FE 5 b B AR R AL &
YRR T T, 5 T Z I8,

3) LA PR I S B R ] 45
5 B T

4) SRR A WX I ) B S O B )
AR 0 B B SR AT R 5 i e 4 A o P AT
1.3.7 ER T R N AR XA e i D
1.013 we/ul 2,4,5- = H 3L mE mk 1 B ] ARk &
Y, RIS S BRGS0 R R 0 T R TR
JE R 6 R A (2) 05 S B AR IAL A W iR R

szg—ixci (2)

o, C, FNC——73 5 7% R AV 1) e 56
MBS B U (ng/pL) S, FIS——73 3l Fe/m R Y

AT HEXT,
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Y e i RRURT A B Y S TR (mA s )
1.4 BiERSH

L F S 0P A9 2 A5 01 (Principal compo-
nent analysis. PCA) FIZE % H 5] 53 #T (Linear dis-
LDA) 1 HL T 4 PEN3 #i
Winnmuster F 47 #8558 i, 1 5 i 52 /s — 3 A4 5l
53 #7 (Orthogonal Partial Least—Squares Discrimi-
nation Analysis, OPLS—-DA )i i SPSS 22.0 %k {4
St , H B Bl B Microsoft Excel 2010 4t 114k #4
PiR

criminant analysis,

2
2.1

BZREHH
BFESNFMMERNESHS

Xt 9 Ao 6 A AR Al AL 5 A S b

PEAT R T T, AR B 10 AN 4 B9 K £

DL 3o MR A o3 A TR I gk R i A S ’i’%‘%

W O AL ) A A P (BT 1) A 3 K& 1 T LLAR

A A RS R A R WSS 5 S iR R {2

EETH e, HXbeke . FEHELEDR
i, HUE W2S WIS W2W A {5 5 i i (B 52 1
S A R i 00 38 £ i (AN WLW B 45 7E
JIT A R i v 2 R RN Bl L 3K A A i R A il
BEA I B S BEAA — 2 AR, H2E 5 ke
TE AL SR A B4 W O 8 3 1

A=Ay ENMAE WSS AL ISR L B 5 5 iy, H:
KA W6S Fil WIS 12845 . 4= orFlihh F5 fEfr A
BE S o AR S o, 7E WSS R W2S L AR
4 I AT (B T HE AR T R6 1w A S A
5,

A= HE S AE WLC A% s b i o 10 A5 5 (e B
BT 450 F0h R, AL B Xt 35 B Rk A
YU, 16 W5S WIS W2S W2W 1&g I i
IR e (=12 R N R o 1 4 = RS N i
A A A AT A T S R Y 4 Ak
Tk, JUHEAE WSS i W2S (£ sy i E e T
HerS . Y6 A5 5 (H i 55 , WAKILAE W5S FI

®3 9NMHDER.6ANFEIMMS N FERERNETFEMME

Table 3 Response values of electronic nose for 9 beef split tallow, 6 beef kidney tallow and 5 mutton tallow samples

t B AT 5 e R
o 4 AR
WiC W5S W3C Wes W5C W1s w2s W2wW W3S WIiw
F1 0.8324 3.1181 0.9420 1.0688 0.9702 1.8450 2.3137 1.7359 1.1686 -
F2 0.7647 3.7527 0.9043 1.1273 0.9522 2.0522 2.0319 1.9620 1.1412 -
F3 0.8611 3.4750 0.9415 1.0922 0.9727 1.7204 2.0893 1.6827 1.1347 -
F4 0.8411 3.8417 0.9424 1.0830 0.9678 1.9150 2.4057 1.7793 1.1620 -
F5 0.8481 5.1530 0.9437 1.0780 0.9708 1.9813 3.1781 1.6829 1.2406 -
F6 0.8393 3.2300 0.9384 1.1196 0.9649 1.8522 2.0753 1.7855 1.1127 -
F7 0.8304 4.3780 0.9317 1.1334 0.9606 2.0418 24127 1.9740 1.1719 -
F8 0.8536 4.9220 0.9441 1.0552 0.9728 1.7962 2.9807 1.5961 1.2251 -
F9 0.8480 3.8300 0.9396 1.1017 0.9667 1.8608 2.5539 1.7697 1.1852 -
Y1 0.9263 2.7233 0.9583 1.0652 0.9745 1.4227 1.7354 1.3628 1.0733 -
Y2 0.9461 2.6735 0.9678 1.0221 0.9792 1.3118 1.9803 1.2235 1.1122 -
Y3 0.9586 3.3360 0.9735 1.0462 0.9797 1.3304 2.0464 1.2175 1.1087 -
Y4 0.9378 3.9181 0.9627 1.0894 0.9727 1.5279 2.3060 1.3785 1.1251 -
Y5 0.9536 2.9791 0.9675 1.0575 0.9737 1.3162 1.7125 1.2711 1.0615 -
Y6 0.9562 1.9678 0.9664 1.0720 0.9763 1.2932 1.6892 1.2801 1.0742 -
YYD1 0.8683 2.7496 0.9503 1.0691 0.9731 1.6197 1.7871 1.5746 1.1030 -
YYD2 0.8367 3.9401 0.9396 1.1008 0.9660 1.9068 2.3911 1.7784 1.1588 -
YYD3 0.8596 5.1970 0.9506 1.0532 0.9740 1.6689 3.0156 1.4903 1.2974 -
YYD4 0.7995 3.8664 0.9286 1.1035 0.9649 2.0821 2.4987 1.9410 1.1844 -
YYD5 0.8027 6.7271 0.9260 1.0937 0.9608 2.1780 3.6118 1.9692 1.3501 -
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Wi1C

WIiw

W3S

W2w

w2s W5C

WIS

1 4l FHBESETEMNNEESTEE
Fig.1 Radar graph for odor intensity of beef tallow
and mutton tallow samples measured

by electronic nose

W2S & Jkds I

FAMTE WSS & idds b B8 fe ok, ke
W2S, B i YYDS 19 45 4% 2% 45 i g 357 g 5k | SR 177 =
TR ] 22 AR . YYD2 B YYD4 Sl 2 i, H

PC2(5.77%)

TR S5 B O B AR SRR S R S
i, YYD3 5 YYD5 25 8235, YYD i i
R ZE R, 3 LA b 25 5 0 PR 4 0 v i 5 =
b R B A A ) A el

Aoy F A BRI R SR 3 28R A UK
I3 22 5 T AR AE WSS F1 W2S B A5 A%
e e R A A SR 55 S A | B SRNOY F E AL
B E A,
22 HBFELEPCASH

Xt 9 A4y 6 A AR BE ALl AT S A2
P it JIT AR PR S o 1 B8 R AT 32 43 43 AT (Prin-
cipal component analysis, PCA), Z5EUWIE 2 fir
R 1 EMS TR 91.108%, % 2 E >
() TTRR RN 5.7387%, 55 1 F o FEs 2 5
() BTRR R A 96.847% , PCA 43 HT 45 H iR, 4 B
ot 3 R 43 A 7E A B Al X3k R T, AR DR
A L7, R B EFR A2 BT R
B PCA Mol LAIX 43, SFah A fE i), 5 445
FNMAFAE TS | R SR — & AR

W o
IS TR
LIS

3.0 4.0 4.5

2.5

3.5

5.0

5.5 6.0 6.5 7.0 7.5 8.0

PC1(91.07%)
2 Hogim GEMBEMFRERNETFREENSSITE

Fig.2  Principal component analysis of beef split tallow, beef kidney tallow and mutton tallow based on electronic nose

23 BTELEA LDA S

X9 A A3 ENh 6 A A HE b A 5 S
R i T AR L S e o, B B AT 4k ) ) g3 B
(Linear discriminant analysis, LDA), %5344 3
7R o LDA 43 H Al DL B S X 20 R vl | 4 4 50k
FFEM 250 E) A A o A A 22 M A BT 3 43 A1
P o S A ST % I R Rl 1 IR o o RS o 3

TSI T B G Xy AR, L5 2R 4 ) il B e

I L,iX 5 PCA 855 —3, DL 45 RERUIH 7 545

A LDA F3 A7 R URAE A= 23 E0 3 25 BB JH e 40 2

A ER

2.4 GC-O-MS ##rdmfEHNESYR
K GC-0-MS J5 ik M 20 A4 2F 3R &

LG B 47 b v sy, o 39 Ffal g st
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624.5 |+
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6235 |
623.0 |
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LD2(11.79%)

LBt
B kit
H v

10

-1.805 -1.804 -1.803 -1.802

-1.801

-1.800  -1.799 -1.798 -1.797

LD1(53.19%)
B3 4o3m FEMBRMFRNETFREEHNSHE

Fig.3 Linear discriminant analysis of beef split tallow, beef kidney tallow and mutton tallow samples

based on electronic nose

M, 3X 39 B A LR 4~6, 615 19 PRI 6
PP 2 PRS2 MR DS 2 PR 2E 4 Fh 24 IR 26
M4 FEERESYIE,

AT L 2 T R 2 T T U R R
RAEEZER B h &Y R RE N F & F
I R/ N B S A S IR DS Tl K S Y ]
&S 39 Ff Bom R 2 A= BRI R, i &
BT 32 Bl RIS B AR 29 B
o 24 BRAE 3 B g v AT ARG A AN S T Y
FEART AR, 33X 2 2R T 2 I A S AEAE A R
(SRR B S R Fh 28 1) 22 5 Ok B AU AE 2R 43
TR b R 8 S A TR 0 T E L R
R A+ e AR BE R AG R R
1 PRI 1= IS0 Hs =3~ R R 1) 2— 2 FE kg 5 (L
P A I F S A IR (ELE)-2,

S

3000 -

z m kA
3@ % 2500 ¢ - IR 38
b |
§ = 2000
Ing L
S 1500
v £ 1000}

L

2 S00T

g

z

o

(e
(a)

4-TT TR W ETR A — AN R ) A -5
FE—2 (3H)-VR AR A A4 P H i R AE = 3k
B &R . WHEINRE (B)-2-TM&
M BRI 2—+ — U SRMEIRIY y-T S L
R A 2- B A LR Y 2 R kR 5 7E A o3 )
R SR A oA N N o S A o I R A R RS P
TR B9 113005 -3 5 B R ) 2 TR 8 20 A 1) T
FEMIE K AR AR P TG S5 b 2 AT A I R 1)K 20
DA b 3k S8 7 S o 19 22 502 0 3 Ffih IR 4% B B A
AL

MNESYBEw EA, A b A A
FEah T, R (75 50K (BEmE (IR ITOR ) 18 (I 17
WR) B IR IR ) | (E) -2 T B (3 NBER ) [ 1-
VeI -3 (B 15 R ) I 4R (R WK ) S5 4k 5 W 1Y &%
R, AR B SR T R L

90

S
80 YA BB
10 2 @ i

60
50F
40
301
201
101

LAY AL
Pr()purti()n ()f aroma (:()mp()nents/%

(b)

4 9N EIM. 6 MEERBIM SN FHESHASSE (a)MESWER AL (b)
Fig.4 Contents(a) and proportion(b) of aroma components among 9 beef split tallow, 6 beef kidney tallow

and 5 mutton tallow
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The Aroma Difference in Beef Tallow and Mutton Tallow Analyzed by GC-O-MS
Combined with Electronic Nose

Bao Xinyu', Wang Lijin", Song Huanlu', Yang Lixue?, Guan Lili?’, Wang Qiaojun’
('Beijing Engineering and Technology Research Center of Food Additives, Beijing Technology &
Business University (BTBU), Beijing 100048
*Guanghan Maidele Food Co., Ltd., Guanghan 618300, Sichuan)

Abstract On the market, there is a non-standardized phenomenon of adding mutton tallow into the beef tallow to pre-
tend to be pure beef tallow, and there is no effective method to distinguish beef tallow and mutton tallow now. In this
study, beef tallow and mutton tallow were differentiated by aroma difference. The aroma of 9 beef split tallow, 6 beef
kidney tallow and 5 mutton tallow were analyzed and compared using electronic nose technology and gas chromatograph—
olfactometry —mass spectrometer (GC-0-MS). The results of electronic nose combined with linear discriminant analysis
(LDA) showed that beef kidney tallow, beef spilt tallow and mutton tallow could be separated into three classes. A total
of 39 aroma compounds, including alcohols, esters, ketones, acids, aldehydes, and other compounds, were identified
by GC-O-MS. Orthogonal partial least—squares discrimination analysis (OPLS-DA) showed that beef kidney tallow, beef
spilt tallow and mutton tallow could be distinguished by their aroma. This study can provide reference for the flavor
quality control and the establishment of market standard of beef tallow.

Keywords beef tallow; mutton tallow; aroma; electronic nose; gas chromatograph-olfactometry—mass spectrometer (GC—

0-MS)



