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Abstract: To increase the added value of Yanbian yellow cattle tallow, a frying oil with good frying stability
and healthy nutrition was developed. The relationship between the physical and chemical indexes of Yanbian
yellow cattle tallow and low-cholesterol Yanbian yellow cattle tallow during the frying process was evaluated.
The independence of volatile components was determined through principal component analysis, and the con-
tent of polycyclic aromatic hydrocarbons (PAHs) was detected using nuclear magnetic resonance spectros-
copy. The results showed that during the frying process, the acid value, saponification value, primary oxida-
tion products, secondary oxidation products, and color (content of colored substances) of low-cholesterol Yan-
bian yellow cattle tallow were all lower than those of regular Yanbian yellow cattle tallow. The amount of PAHs
produced was also relatively low. The influence of various physical and chemical indexes on the secondary oxi-
dation products of Yanbian yellow cattle tallow samples was ranked as follows : acid value > color > saponifica-
tion value, with secondary oxidation products positively correlated with acid value, color, and saponification
value. For low-cholesterol Yanbian yellow cattle tallow samples, the influence on primary oxidation products
was ranked as follows: saponification value > acid value > color. The primary oxidation products were posi-
tively correlated with saponification value and negatively correlated with acid value and color. Both types of tal-
low were more sensitive to sulfur-containing substances and nitrogen oxides. Within 16 hours of frying, the
amount of PAHs generated in low-cholesterol Yanbian yellow cattle tallow was significantly lower than that in
regular Yanbian yellow cattle tallow. Therefore, controlling frying time and cholesterol content could effec-

tively inhibit the production of PAHs.
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T BTG IR X 4 PR AR A1 4 1 XU JiL o3
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B 2 4 31 B A ARG IR A SE 95 4R S ( low cholesterol
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1.3.4  JIH B 5t A
FRIC(1.00£0.01) g K50 F 250 mL HEIEI Y, A
40 mL AR50 5L 95% L FEFT 8 mLL 50% A AL
WA, BHIMARTE 70 CRE ST BRI Ak Rl
70 min, AN B R 375 B 1F RE R B AR RRURE I, B AR R
Joi BN S T IR N RS 24 he SRJS AR N
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T2, EE R, E NS, DIERR SR
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B 15 mine BUETE P A9FEBOR 25 mL FHEZEIE
4 (70 °C, 11 min) , A 3 mL PSR P20 0 V4 4
T, MA 3 mL ZH S EER, HAERF N . 76
15 mL B0 A 1 mL FFK 0.2 mL 7S B & 26k
£t 0.1 mL = IEERERE IR S), 75 15 min, 1] 2.0
BRI 1 mL Sa-H{E BEAT 10 mL 284K, TRAT,
B0 2 min(3 000 r/min) , B _FJZ IFBEke )2, el
AR TE AT A B T AR L 300 °C
3% HP-5 B 4145 #E (TR-TRACE -FAME, 25 mx
0.32 mmx0.50 pwm) ; PEFE TR 250 °C, AR 1 pl,
SRR 30: 1 FEFE TR : 190 °CLA%4%F 2 min, A 3 “C/min
BT E 230 °C, 445 3 min, LL 3 C/min 3 E T+ &
255 °C,PA%F 55 min; B = 2R, i 34.0 mL/min.
JIE [ P 5 (7, mg/100 @) AR T .
Z=px 12V 400
m XV,
o p R AR AR A v i 2 AR AT A A R A vk
BE , mg/ml;m RS B, g5 V) o T 2R O R R
L, 100 mL; Vy S v 40 o8 vl FH 19 BRI, 25 mLs
Vs SR A A AR T R 5 B 0 1 PP S R R AR
3 mL.
1.3.5  ReIWimR 4L i Hr
T H R Ak 72 - FREC(10.00+0.01) mg A&, il
A 1.5 mL 0.5 mol/L & L8 H BV W, 7200 IR A 5 1
WK N 3 min, ¥, BRI 2 mL AR 734 14%
() BF (= 0L A0 00 P 10 ) V39, 78 o 1R A T AR S 7E i /K
FHVE 2 min, B ESE A 1 mL AR A& AL AT 2 mL 5
W, FTE IR AT B B0, 3 000 r/min JZ I 2 min,
I E 2R WG R B G , 2o JC/K B R 4N T4 5 F <k
TS
SHMETE DT A R I 2% - S8 T JER I
260 C; fa i F: . HP-5 B 4145 H: (TR-TRACE -FAME,
25 mx0.32 mmx0.50 pwm) ; FEFE TR 250 °C, HEFE
1 L, 7303 L 30 15 #2 )% FHil - 140 °CL - FF 5 min, DA
3 °C/min T} % 240 °C, 8455 65 min; 28/ mai 21, i
i 34 mL/min, J& J7ER 0
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Jig 2- A% O b 2 BRAE AT 5 BB )T o
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ﬁﬁ’ﬁj\fﬁ(principal component analysis , PCA)!3I,
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200 s, HUFa e P ZEHA] 5 (180 s) ML a5 5 UE AT
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Table 1 Electronic nose performance description

W30 IR 24 TR PERE A
1 wic ST R
2 W58 AEAEGY
3 w3c S T E G R
4 W6S X AT PR
5 WsC SRR 5 A LAY
6 Wi1s X HBEE ) It R A
7 WiwW X AR A R L
8 w28 XSS TS R A
9 W2W 5B A LAY R
10 W3S XA B R A

1.3.9  AZREHARIE S ("H NMR) I &

22 RN AR EVEIE 2 FRI(50.0040.01 ) mg
AR T 600 pL S IR G i A 5 Rl . i
500 wL BRIV T A0 5 mm B TR IS S e
I D A s i T8 5 SRS I R ) A R L IR 55, R 2
B SIS B 1T R4 . A MestReNova 1.6.2.18
AR XS B0 E0S I TR R AR S b2

SR LR BTE N 500.13 MH,, it £ 5 mm
BBO 453k, Bk f 51 A 2030, Bk 58k 1075, i %€ (spec-
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tral width,SW) & 1073 , 37X ( number of scans, NS)
H 16, 3% 52 1 25 ( receiver gain, RG) Ky 19, it B I} ]
(D) 1s, KRy 26.85 °C , ffi 4K 1a] 3.276 8 s,
FE ARSI FT 456 5 min I TRUERE , B MM ER
W 3 W, PRUEBE AT Sk
L4 Fdlsror

Fr AT g A 3 YCFAT ] Canoco5.0 B #E AT
AH M43 M7 (redundancy analysis, RDA) . i SigmaPlot
14.0 22 EE .

2 HBREHM
2.1 AR L T S i 4 2 S B o020 A
o8 RS UEL [ P i s 28 95 4 s Lo o W L3 2.
®2 BREEBEANEEMBRANKEERESETW
Table 2 Changes in fatty acid composition and cholesterol

content before and after lowering cholesterol

A YCBT/% YCBT-C/%
HREMR C14:0 2.79+0.14 1.39+0.07
TEMR C14:1 1.36+0.07 0.58+0.03
FiAEfR C16:0 40.33+2.02 44424222
FEMRIRTR C16:1 2.44+0.12 5.82+0.29
ffifR1R C18:0 7.36+0.37 14.34x0.72
AR C18:1c 39.90+2.00 28.20+1.41
Sz C18: 1t 4.16+0.21 1.86+0.09
MEIHITR C18:2¢ 0.59+0.03 3.39+0.17

SOMER C18:2t 1.08+0.05
LR DT R 50.47+2.52 60.14+3.01
AT 7 2 44.29+2.21 38.00=1.90
S ARz 5.25+0.26 1.86+0.09
JDEL ] st 76.04+3.80 31.76+1.59

P& 2w B E [ B RS, FERR DR 4 i
T FAE B R 2 B 50.47% 38N 60.14% , AN 1R
5 R 5 M\ 44.29% R B2 38.00% , A4 B AE 3 4 g A
AV [ i i 5 2 g ) = M U I e IS 2 A ) R A il
1%, ELIM R AR & i AR A K 5 BRI [ B, i R N
SRR T i T R, R A IR B JIE R 76.04% T
2 31.76%, FEAR T 58.23%., T BLJIG I IR AR X & &
S A R AR Al T R 5 53 A [T et e v e Ak LR FEE Ak
BEAF AR A A O, EARAN USRI E IR B & B, T
JEAE 7 1R A8 Ak 55 A B 0] A BRYELRE | S Ab B S )
A — e R R AT, ilig R AL e A ik
J 23 /NGy T B BRI RD S AR R S
AR b PR B, BT LA BR SE MK
2.2 HUKERL RS AR AR AL
221 FifEd AR ER M AR

FKE AR HP RN B AR R A 1 BT/ o

—=— YCBT
3.0 —e— YCBT-C

R/ (mg/g)

0 2 4 6 8§ 10 12 14 16
LA E] /b
El1 RIESRERRBNEETN
Fig.1 Change in acid value during frying

H L 1 ] AR R o el R vl [ B B 2 T i
REMTTR o BUKERT R b, 2 i 9 TR A1) X2 i 5 I B o) (]
ROSER ] T, Hor, 283 4R R AYBR 1 (acid value, AV)
A5 AL G K (0.655~3.035 mg/g, H1iE A 2.380 mg/g) ; EAH
[ Pt 208 2 g 179 TR A1 A2 AL % /) (0.095~2.160 mg/g, 34
5 4 2.065 mg/g)

222 RifER R A E AR AL
R R AR A AE fL A 2 PR

204 - —# YCBT
202k ——YCBT-C
200
198 |

196 | = \
194} ]

192 \‘
188 |
186

RALME/ (mg/g)

! M
2 4 6 8 10 12 14 1b
FCHE R 1] /h

E2 mMEEdRHEAEHEL
Fig.2 Change in saponification value during frying

HT I 2 AT AR RO AR b, 2 Rl Y 2 A (sa-
ponification value,SV)¥J7E 12 h 5 2| Tig . 2 AL(E
— ELAL T AERE BB SRS, w] RS R T 24 B[] 3
B BN T ) BEATIS I T R AR A R B
PR, SR AR T e 5 2430 R0 I T TR AR SR 3] — RE AR, I
O ) X2 A0 95 3 0 7 PR 0/ 64 05 [ R AT, 78 14~16 h, 7
A AR RARY CHAm AR AR S B, Dt AR
REARISI,
223 B PRI A R AL

B i 7 b 400 G SR A 7 1 A i i AR AR N AT 3
JR

H1 P 3 AT, S B AR IR A 0 SR AL 7 AR
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Fig.3 Change in amount of primary oxidation products produced

during frying

(peroxide value, POV )& [l & 0.008~0.033 ¢/100 g (1
i 4 0.035 /100 g) , P& A [ B2 42E 3% 2 g 1) 00 9 LAk
P2 A R R B Y LR 0.002~0.047 /100 g (1 18 Ky
0.045 /100 g) o PAF I A Jak 4804k 7 W (T BT 1 ) 49
(0~4 h) PR T+ 5, 7T BB 1 T M B g ) 40 fk
FER T 53 figp o elo s A v ) H T R I R O R St
AACPI b 2= M T AT , 5 S A T T TR A )N
SFAREY O RER T 12 h 5, A A
A3 EOR K T AR RGE R, S EEGS A A T
RUKE LR o, W I (9] 9 S0 7 ) A i 4 4 T 85
AR (<0.05 ¢/100 g) , 3 -5 HAR AR 7 R 2tk v 1A
SR B Y R,
B AR TP AL AR AR A AR fL I ] 4 s
—=— YCBT

0.009 [ —— YCBT-C

0.008
0.007
0.006
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TBA {#/(g/100 g)

M
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R ERT 8] /h
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Fig.4 Change in chemical indexes during frying

1P 4 n] A A pdE R D B 2R (4, 6-
dihydroxy-2-mercaptopyrimidine , TBA ) £ Ik g A b
PR A R A A IR A U AR A W e e ] Y
TR LT P A2 5 A i 04 R SR AR A R . RIOKER)
1(0~4 h) , FE T AR TBA (AT T 5, (0 [ 5 4 B
PRGN THR o IR AT R R, BT R, 0 5
iR 1S A R B RO R E I, A A TR

2.3 R EFERAEL

FER R h PR AL AN 5 BT
3s5p
30}
25t

20

AE

0 2 4 6 8 10 12 14 16
RTKET [E]/h
B 5 2MimpEdiEREFENTHL

Fig.5 Change in color in the frying process of two kinds of oils

Hi & 5 RTS8 A4 i 0 iR (1 (15.325) 1 1
AR L[ P 4 2 IR A 00 B (235 (12.085) o (4 22 {H T I
A BE R T AL AR Y T i, S EOR P B R
WEA s (A f i BT s R0, R
BRI ] B SEA, P2 TR A . o, St
O 00 22 (B2 A B IR AR (16,515 ) 5 AR AFL ] 5t 42 5 24
i B IR /N (5.105 ), 13X F2 225 3 i Ak = ) LR
PR A N, IR A SRR R R
AR UL ]t S 3 A4 g A B o A P AR A ()
AR T RE
2.4 FRAEARBRE BAR LB

HALFEAR A AR A BT 4 SR &L 6 i o

0.4
COLORy-c COLORy
SVy IBAT
AVy
SVy-c AVy-c
TBAy
poVy-c TOVY
-1.0
-0.4 0.8

POVy. JE 5 25 BRI A AL ) s PO Vy-c. AR IE [ BEAE 85 25 R #4440

674 s TBAy. HEEE A= R A AL T=1) s TBAy-c. IR [ i A28 35 24 i

RBAEAL T W) 3 AVy. IE AR BE TR I 5 AVy-c. IR [5] B52 4E 05 2 i R
B3 SVy. 4 4 f5 S ARAE 3 SVy-c. I JIH [ F 45 9 4§ 2 A0 A
COLORy. E# 4 5 (47 ; COLORy-c. {fIF [ BE5E 8 4= I (0 7%

B 6 ILIEtREIRIERED T
Fig.6 Correlation analysis between physic-chemical indexes
Hi &l 6 T 1, TBA 1 POV gl i 45 £ , SV AV |
COLOR N f# Fe7s 5 , UL TBAy F1 POVy-c g/l 47 4H
KAEII T o JE AR IR RE A b A PR AL FE B30 TBA Y
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® K /NHER i AV>COLOR>SV, Jf H TBA 5 AV,
COLOR .SV ¥R IEAH I FR o AIRJIH [ 5 4 B 25 B A i
o = A AL 8 AR X POV AR K /NVHERE 9 SV>AV>
COLOR. Hiff,POV 5 SV 2IFEMERXR, 5 AV M
COLOR B MAHMEKZR ., WIL,SV 5 POV A% H 5%
P, S W T e R 2 3 B A BKE Ao AR o B e A Ak
e AN G EAL T Y s AV 5 TBA A7 5 AR e, fe e 1
Bifi o FIL K B T ) S U 25 i D PR A i i 15 22 TR &)
Ak S A E IR P AT
2.5 R T

PR MR o o I s SR il 7 s o
—a— YCBTO
—— YCBTS8
—A—YCBTI16
—v— YCBT-CO

—— YCBT-C8
. ——YCBT-C16

Wi1C
YCBTO. SE 827 JEFIAE 0 h; YCBT-CO. R AH [ 5 4E 85 2= J B0k O hs
YCBTS. ZEZ A IS HIKE 8 h; YCBT-CS. IGHH [ B2 4E # 25 JEHI4E 8 h;

YCBT16. FEEANERNE 16 h; YCBT-C16. JRARFEEE & A NEHE 16 h,
7 RRESEREMETLE
Fig.7 Radar plot of sensor contribution rate
A& 7 AT, AL R AR X WSS WIW B R fisk, B
2 Tl ) 3 A M XU 180 S A RS B
Fi. 8 Oy 2 FhhiAg 3o pr i

-04 -02 0 02 04 06 08 1.0
T T T T T 308
2k
. 40.6
YCBT-C8
— 104
s 7
:3 10.2
N’ YCBTO
o 0 " @ YCBTS |
A ® YCBTI16
YCBT-CO 1-0.2
°
-1} °
YCBT-C16 1-04
-1 0 1 2

PC1(60.9%)

YCBTO. ZE#2F JERIHE 0 hy YCBT-CO. fIR/IM [ BEAE 85 4 IS ALK O hs
YCBTS. EH 2R HIME 8 hy YCBT-CS. {IRAH [ B 4E #5 4= N5 FAE 8 h
YCBT16. FERA-BERTNE 16 h; YCBT-C16. (AR AL # A HERTFE 16 h,
8 2 MR RUE IR IR R E RS 5
Fig.8 Principal component analysis of volatile flavor in frying

process of two types of oils

HiP 8 BT, S TTHRR R T 85% , U W~ s

C R HEAUER TR A Y 2 205 AR AR EL R A o 1]
XK AR LS AR DO L HAF0L, O b s A A )
PERAE R S AT I RS, U] 0 h #4841 10 1Y
ARAE N TR AR AL o 16 h AR IE ] e 4 3 2 g
PR IIRE 55 HAB b A AR B e , 152 B2 i A 5 H Al il
T Z [ R4 S P KUBR B0 22 S 50K, ] BE R R AR
PP 18] B SEE S, 45 5 P XU BSG T28 47 A i
2.6 Z5 BRI IR AR WA A AR T e T AR - ORI ] ) O
ALk

IFE AL, KR A T (9 23R 07 e ) F2 2RI R
200, 223055 ke A Rl 6] 1922 AR AN 9 s

211

—e— YCBT
20+ —&— YCBT-C
= 19
=
H 18
4=
=
= 17t
16 |
15 1 1 )
0 8 16

RIHEF ]/

B9 2 i S FHELE RO AE T I EFR 5 RUMERT B A X 7R il 2%
Fig.9 Relationship curve between relative peak area and frying

time of two oil characteristic peaks

H1TET 9 IR, Bl BRI 18] A 2E 1<, 2 Ffih i R
FIRI AR X e T AL S AN [ P 88 ) T B, RIRBR AT 1 M
2B RS — R B R AL A TE I Z 357
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