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Quality diversity and Fourier transform infrared spectrum
characteristic of rapeseed oil
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(1. College of Arts and Sciences, Yangtze University, Jingzhou 434020, Hubei, China; 2. School of
Food Science and Engineering, Wuhan Polytechnic University, Wuhan 430023, China)
Abstract : To provide scientific basis for quality monitoring and rapid detection of rapeseed oil, forty-nine
rapeseed oil samples were collected to determine their quality index and fatty acid composition, their
quality diversity was analyzed, as well as the relationship between quality characteristics and attenuated
total reflectance — Fourier transform infrared spectrum ( ATR — FTIR ). The results showed that the
coefficients of variation (CV) for the peroxide value (PV) and acid value (AV) of the oil samples were
63.20% and 152.90% , respectively. The CV of the main fatty acids composition of rapeseed oils,
palmitic acid, oleic acid and linoleic acid was not more than 21. 38% . By comparison, the CV of
eicosenoic acid content reached 127.09% . Further classification analysis indicated that the PV, linoleic
acid content and unsaturated fatty acid content of the oil samples were associated with their producing
areas , processing technologies, rapeseed varieties, shelf periods and quality grades. The ATR - FTIR
common model of rapeseed oils was established by chemometrics. The similarity value of each spectrum
was analyzed by correlation coefficient method, ranging from 0. 68 to 0.98, and 10 common peaks were

screened out. Taking the peak height mean value of the common peak as the independent variable, the

multiple linear regression models of PV, AV, and
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main fatty acid content were constructed. The
fatty acid models, involving palmitic acid, oleic
acid, linoleic acid, eicosenoic acid, unsaturated

fatty acid and saturated fatty acid, were all
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significant (p <0.05), by contrast, the models of PV and AV were not significant (p >0.05). The

results of verification test performed with 30 heat — treated samples indicated that the model could

accurately predict the content of unsaturated fatty acid with a relative error range of — 11. 15% -

10.95% . In conclusion, Fourier transform infrared spectroscopy can be preliminarily used for the rapid

analysis of fatty acid composition of the commercially available rapeseed oil.

Key words :rapeseed oil; quality; Fourier transform infrared spectrum; multiple linear regression model

SAF R TR E T Yz — . Sk
R FINE R & s, e & i e e &
Wy A % E Ao TR Y Ah, SOk A
A WAV T [T i A R T 55 it o IREE B PR 4 2 b
gD XA ML A B L

Wt % 3 B BE 7 A B TR B LA 15, AT
X £ R i o B SROBOR A 7 . S SRR S R 1Y
SRS EARTIES SR IR U052y - R |
S AL R A 2T B S B B SR Y
a2 e B A C T T B SR Y i B R R
W12 e ] — o S A R T T S A
(OSERE I, PR A i S Ak (R L G 107 R 20 A . XL
iF B S IR RE R L 3 4 5. BT, T
T Il B ST TR B Y o W

LRSI GE S AL T B2k 2 B T Sk
(g il 5 23 S R e L 21 A S i vk
(FTIR) & —FhJ7 i | 5 %% TG0 BRI A 4 19 20 7
FOAR, FLAE By Al I A1 09 e A1E ik 217 068 i 1] 322 4001 A
FAENG SR 0 e 0 g R R s Y
TR DG A v TR A R AR SR, FTIR R
TE ST 53 75 T P9 O P 3 B S B
TR S 25 78, T B SRR 1 FTIR D6 7 F 25 57 &%

FE5 7 i T OCIR W A VE AE .

AHIETE R AR I N T B 1 SR IR A, o A
I AL R (BN RE D7 R 2H B Y 25 R, A3 28 4y
BT 5 i JoT 22 PR DGR 19 £ R, TR b A 1 1
LI o 5 U 4 B ST 2140 % (ATR - FTIR ) 4§
fiE, 55k Eit f 2y s M2 oo & M ml A (MLR)
BEHY AR AT 615 R AE 5 5 BT A 1 OC IR, I LA AL
B (5 TS A A S0 {1 R 0 Gy 5 A 1 g )
etk RS SRl B 2 REPE S ATR -
FTIR (RRH S , S SR 1 A it J5 M 45 0 P A
FEAERL AR
1 #MR57E%E
1.1 3ttt

49 FhSAFIAE i, WG T 50 2R B R, A
Ho N2 B SRR Bk 1 PR,

JEWTR T R, SE [ Sigma 24 7] ;14% =Ffk
B — PSR, B hr T A AR R A R A ] 5 -
AR Ry ok, E 258 A AR PR A

7890A S AH 54X, 22 [ Agilent 4\ #] 5 Nicolet
Nexus 670 BIZT 4P ISR EOEHEAN , S E e s I A%
/AT

R1 EHFEHERER

B e enm mmmon om0 TR g WM RO
Al fngEk 2017 -12-01 24 3.00 JE R - JFIERF 2018 04 -19 5
A2 fnmEk 2017 -08 -16 24 1.42 JERE - i el 2018 05 - 18 9
A3 gk 2017 -11-21 24 3.00 JEHE 1 Tk 2018 -10 - 18 11
A4 gk 2016 - 10 - 04 24 0.95 FEHE - FEAkN 2018 -10 - 18 24
A5 gk 2018 -01-11 24 1.89 ol - JFAEKH 2018 ~11 - 16 10
A6 fmEA 2018 -03 -28 24 0.95 JEAE - ek 2019 -01 -07 10
AT fmgR 2018 -04-17 18 200 JER - HEEkEh 2019 -01 07 9
A8 Mg 2017 -12-17 24 1.00 Eg - OBk 2019 -05 -22 17
A9 gk 2018 -03 -22 24 1.00 BtE - TFAEAT IR 2019 -06 - 12 15
AI0 JifEk 2018 -04 -28 24 1.00 e - JTAEKH 2019 -06-12 14




128

CHINA OILS AND FATS

2022 Vol. 47 No. 11

gx1
B am mEmoD mwe M i WAEW RO
All  Jm&k 2018 -08 - 13 24 1.00 B - FEAEFTIH 2019 - 06 - 12 10
Al2 gk 2018 —09 -21 24 2.00 W - FEAEFTI 2019 -06 - 19 9
Al3 &Rk 2018 -01 -25 24 1.00 FERE - e AT 2019 -06 - 19 17
Bl e 2017 =03 -07 24 0.75 Bt - B1yi ] 2018 - 05 - 07 14
B2 1| 2018 —07 -30 24 0.75 R - e S 2018 - 12 -26 5
Cl  HHF 2017 -03 -20 24 0.75 B - FRAEFEI 2018 -06 - 10 15
DI BAFW 2017 -04 -26 24 1.80 FERE 1 FRAEFEIh 2018 -06 - 10 14
D2 WAFW 2017 -10 -09 24 4.00 JERE 1 P i 2ol 2019 -01 - 15 15
D3 WAFW 2018 —-09 -27 24 5.00 B - FEAEFEh 2019 -01 - 15 4
D4 WAFW 2017 -04 -29 18 0.75 FERE - IRAEFEI 2019 - 04 - 24 24
D5  WAFW 2017 -10 -30 24 1.00 FERE - PA i 2ol 2019 -05 -20 19
El e 2017 -08 - 12 24 1.00 JERE - PA i 2ol 2018 - 06 - 28 11
FI  &KFM 2017 -05-17 24 1.00 JE - PA i aaill 2018 - 06 - 28 14
Gl H 7 2018 —02 - 09 18 1.00 B - FEAEFEI 2018 - 10 - 24 9
HI MEE5ailriH 2017 -09 - 14 18 1.25 e 3 M SR 2018 - 10 - 24 14
I Wrgse e 2017 =11 - 15 15 0.50 B - M S 2018 - 10 - 24 11
1 | 2017 -11 -15 24 1.00 i - FEACATIN 2018 - 12 -26 14
K1 %H 2017 =10 - 12 24 0.95 i - FEACATIN 2018 - 12 -26 15
K2 % 2018 =02 - 13 18 1.42 B - FEACATIN 2018 =12 -26 11
L1 EgE 2018 —06 - 03 12 1.00 JEFE - WA 2019 -01 -07 7
Ml i [ 2018 —-08 — 11 24 0.50 B - e SE S 2019 -01 - 15 5
M2 i 2018 -09 - 18 24 0.90 FERE - A S S 2019 - 04 - 24 7
N1 P 2019 -03 - 09 12 0.45 FERE - e AT 2019 -04 - 24 2
Ol  PH¥EF 2018 -07 -09 24 1.00 B - IEAEFTI 2019 -05 -22 11
02  PHPEF 2019 -01 -24 24 1.00 FERE 1 AR 2019 - 05 -22 4
Pl fkFHT  2019-03 -04 12 0.45 W - IEAEFFI 2019 -05 -30 3
Q1  +HH  2018-11-16 24 3.00 FERE 1 FRAEFEIh 2019 -05 -30 7
RI i 2019 -01 -08 18 1.80 JERE 1 S S 2019 - 02 -27 2
R2 i 2018 - 05 -28 18 1.80 JERE 1 S S 2019 - 02 -27 9
R3 i 2018 -09 - 16 18 1.80 R - FRAEKTIH 2019 -02 -27 5
R4 ] 2018 -12 -19 18 1.80 R 3 e SE R 2019 - 03 -29 3
RS i 2018 —09 -29 18 1.80 A 3 WS ST 2019 - 03 -29 6
R6 i E 2019 -01 - 17 18 1.80 JEME 1 e S ST 2019 - 03 -29 2
R7 ] 2018 —11 - 15 18 1.80 JEME 4 ST SR 2019 -04 - 12 5
RS i 2018 - 12 -26 18 1.80 i 3 S e 2019 - 04 - 12 4
R9 i E 2019 -01 - 06 18 1.80 B 1 S e 2019 - 04 - 12 3
RIO [ 2019 -02 - 12 18 1.80 JEME 1 S S e 2019 -04 - 17 2
RI1 [ 2018 - 02 —27 18 1.80 JEME 1 S e 2019 -04 - 17 14
RI2Z [ 2019 -03 -26 18 1.80 FE# 1 S o 2019 - 04 - 17 1

TR AR GB/T 1536—2004 FRid:, — Fm S5 By

1.2

1.2.1

MR R 2, e T AR P B SCR[16 ] .

it 573 A

4% 5 2% GB 5009. 227—2016 1 GB 5009.
229—2016 , 5 JH i & ¥ I 5 i A 1) 3ok 48046 (8 F0 R
H. 2% GB/T 17376—2008 = 51k 1 %:F i £
HEATAR IV R R AL , >R T A0AR 335 125 DU 7 4% g s

1.2.2 ATR - FTIR 43#F

ZLAN DAL S LA IC A AL = R AR R TR
KA ATR B 05, WSO W il AR B T s i 4
I LUK 57, S0 EGE E 4 000 ~ 400
em™ ' Ay HEE N 4 em T FIE S BN BN



2022 4F 55 47 ¥ 5 11 1) i o 129
16 &', [epini i cy W
1.2.3 iR A s s s R A 2R 2 RS54

MR R SR PES Sk 16 ] ik % 2.1 Eapia e RAEf iRl

BRER T 210 CIina i,
5 min JE/KIBRH B E R,
1.2.4  Geitorth
SR ME £ bR 22 (n =3) 3R
7o it SPSS 17.0 #RAF AT LN R 7 22004 2
TR PE[BIH 4347 Fl1 Pearson A& 4347, UL/ i 2
PE 22 S M AL IRV EE 7 0. 05 7K -1 22 57 i ko
X ChemPattern {k 2% 31 & %% 23 ¥4k 4 (2017 Pro
Ji, B X FTIR BT, #4500, 01, fi /)
FXF WA 0. 1% , I DL B Sy A7 i 58 {40

fHLA 100 g ilIkE, i

SERFIHTRE ity 1 S8R (B BR (BN 2 2R TR &
LR 2, B EAE S W R R A AR B,
FERILTS TR 5 K Sy g et
H15% 2 7T UL, 49 FhSAF AT i i) 3 S A (P X (Eh
2.15 mmol/kg, ZF R RZE(CV) H 63.20% , H.rr, k&
i F1 A A A i, O 7. 34 mmol/kg, £ I
R TR (EL S M FLHI 25 i 1D 1R 5, A9 2Bl TR R B 2 T A
Ko MHFERR(E (KOH) - {H A CV 7351 2 0. 15
mg/g FI 152. 90% , H kil P AR (H (KOH) it
5, 1.014 mg/g,

x2 EHHESNEIENEBRETNEERRBRSE

B AR/ FR{E (KOH) / RENTIR & 1/ %
(mmol/kg) (mg/g) FEAH R MR Wi AR e — IR
Al 1.23 +0.02 0.069 +0.002 2.26 £0.07 42.39 +1.43 29.83 +0.98 11.98 +0.60
A2 4.19 +0.05 0.023 £0.003 1.99 +0. 14 41.41 £2.98 27.27 £1.96 13.38 +1.01
A3 0.99 £0.12 0.036 £0.005 2.06 +0.06 44.94 +1.39 30.03 £0.92 14.14 £0.72
A4 3.14 £0.23 0.106 +0.002 2.99 +0.28 60.65 +6.17 18.37 +1.93 1.19£0.13
A5 2.19 £0.05 0.454 +0.008 2.92+0.18 63.87 +5.43 19.89 +2.23 1.21£0.12
A6 1.92 £0.23 0.063 +0.004 3.34+0.17 68.20 £2.71 20.23 £0.71 1.07 £0.05
A7 1.76 0. 08 0.057 £0.006 3.46 +0.17 65.27 +1.78 22.69 £0.54 1.07 £0.03
A8 4.65£0.11 0.479 £0.001 2.59 +0.12 64.06 £1.25 24.89 £0.49 1.36 £0.02
A9 2.30 +0.13 0.046 0. 005 3.92+0.33 66.44 £9.04 19.62 +2.43 1.19 £0.19
A0 2.94+0.17 0.065 +0.006 3.94 +0.37 65.70 +7.14 21.85 +£2.64 1.08 £0.16
All 2.98 £0.16 0.037 +0.007 3.77 £0.08 65.69 +3.34 21.87 +1.15 0.99 £0.06
Al2 1.79 £0.34 0.068 +0.006 3.84 +0.31 66.88 +6.35 20.49 +1.99 1.04 £0.11
Al3 2.46 +0.17 0.340 £0.013 3.52+0.08 65.83 £9.21 21.33 £3.24 1.10 £0.23
Bl 0.39 +0.15 0.036 0. 006 1.94 £0.10 45.37 +2.47 27.78 +1.46 11.45 £0.44
B2 2.36 +0.13 0.070 0. 004 3.37 +0.37 63.46 £11.30 18.58 +£3.20 1.20 £0.12
cl 2.37 +0.12 0.071 £0.014 2.70 +0.13 39.78 £2.01 34.57 £0.78 10.29 +0. 54
D1 3.06 £0.07 0.045 +0.003 2.10 £0.04 38.06 +0.79 28.76 +0.42 11.32 +£0.12
D2 2.66 +0.15 0.056 +0.003 3.28 +0.18 62.35 £2.04 22.40 £0.77 1.06 £0.02
D3 0.50 +0.20 0.056 +0.006 3.28 +0.27 65.32 £5.13 20.47 £1.70 1.06 £0.08
D4 1.52 £0.02 0.047 £0.005 2.79 +0.18 54.21 £2.69 16.81 +0.75 0.88 +0.05
D5 1.15 +0.04 0.105 +0.007 3.07 £0.13 63.85 +0.93 24.10 +0.30 1.26 +0.02
El 0.45 +0.08 0.048 £0.003 2.27 +0.03 45.03 £0.91 29.49 +0. 88 14.79 £0.26
FI 7.34 +0. 14 0.096 +0. 007 2.91 +£0.08 45.79 +1.35 30.39 £0.49 9.79 +0.38
Gl 0.68 +0.14 0.030 +0.007 2.97 +0.12 60.29 +1.55 20.27 +0. 08 1.11 £0.01
H1 3.81+0.02 0.117 £0.010 3.55+0.13 65.98 £2.15 17.96 +0.33 2.19 +0.04
11 1.48 £0.37 0.618 £0.004 3.70 +0.23 70.13 £3.41 18.66 +0.90 1.04 £0.05
I 2.42 £0. 14 0.050 +0.008 3.69 £0.68 63.62 +13.02 20.10 £4.02 1.08 £0.21
K1 2.21£0.27 0.060 +0.003 3.08 £0.13 60.49 +0.30 21.64 +0.26 1.06 +0.02
K2 1.07 £0.16 0.125 £0.007 3.11 +£0.27 63.79 £5.21 17.58 £1.25 1.42 £0.10
L1 0.76 +0.12 0.878 +0.011 2.46 £0.13 40.58 +1.94 30.78 +0. 68 2.54+0.11
Ml 0.60 +0.05 0.052 £0.003 3.740.19 62.60 £2.27 21.45 £0.79 1.09 £0.05
M2 0.59 +0.07 0.025 +0.004 2.77 £0.23 54.37 £4.20 15.24 £1.13 1.23 £0.09
NI 1.73 £0.01 0.088 +0.007 2.84+£0.23 50.78 £3.77 18.08 +1.31 0.96 +0.07
0l 3.73 +0.20 0.050 +0.008 3.47 £0.25 68.24 +6.13 17.54 £1.59 1.36 +0.12




CHINA OILS AND FATS

2022 Vol. 47 No. 11

gx2
B i EAE/ 1 (KOH) / RERF TR & 1/ %
(mmol/kg) (mg/g) Fo e i TR DIz e — IR

02 1.41 0. 12 0.058 +0.001 3.56 £0.25 67.69 +4.10 19.52 +1.44 1.27 +0.08
P1 2.83+0.14 1.014 +0.021 2.99 +0.16 57.73 +1.78 25.11 +0.69 1.43 +0.04
01 2.08 +0.08 0.069 =0. 006 3.72+0.24 66.60 £3.32 16.34 +0. 80 2.21+0.11
RI 0.43 £0.15 0.055 +0.003 3.40 £0. 12 47.75 +1.87 16.35 £0.62 11.70 +0.39
R2 2.27+0.19 0.070 0. 001 3.300.19 67.24 £2.77 20.03 £1.05 1.53 £0.07
R3 2.13+0.07 0.031 £0.003 2.60 +0.08 59.10 £2.36 17.72 £0.71 1.06 £0.03
R4 2.13+0.14 0.217 £0.010 3.800.16 62.56 £4.20 15.11 £0.93 6.33 £0.43
RS 5.31+0.16 0. 145 £0.009 3.540.23 61.15£3.55 19.18 +1.14 1.14 +0.12
R6 1.23+0.09 0.028 +0.002 3.34 £0.24 66.35+1.92 19.82 +0.57 1.21 £0.04
R7 2.83 £0.02 0.937 +0.012 3.14 £0.09 63.41 +2.37 21.70 £0.92 1.10 £0.02
R8 2.56 £0.17 0.151 +0.002 3.13 £0.15 66.56 +1.65 19.29 +0.47 1.18 £0.03
R9 0.82 +0.26 0.029 +0.002 3.57£0.18 67.92 +3.18 17.34 +0.83 1.64 +0.28
R10 2.30+0.14 0.078 0. 002 3.45+0.14 64.02 £1.03 19.62 +0.28 1.43 £0.03
RI1 2.75 £0.21 0.084 +0.003 3.32£0.16 66.71 £2.43 20.46 £0.41 1.28 £0.02
RI2 0.92 +0.05 0.058 +0.002 3.16 £0.18 63.33 +3.16 17.84 +0.68 2.45£0.09

SEH{E 2.15 0.15 3.14 59.46 21.56 3.39

CV/% 63.20 152.90 17.00 15.53 21.38 127.09

SR S 5 5 T SEAT R AR O et
T A AR g SRR A L,
DRI, XA )2 ISRt i o SR A (R A RIS
R & AT 0HT , 45 N2 3 . i 3 AT, 49
FhSRFIAL SR P2 e IS A R ) |
TN T2 IR v W R EE ) 1t Al (23 i1 3
FISFAERE ) = 04325 4% 4L ] )5 48 A TE 1 35 2
F(p>0.05), FRELLNET, —~FMEER TR

PEAE B E R T =l (p <0.05)  (HX P 5K
PREESEA Y i B AL (3 TE R 35 22 57 (p > 0.05) ¢
BT ~6 AMT ~12 A R PI4LbRE 2 6 p i Al
HIXRFZER(p>0.05) (AP REMRMT 13 ~18 A
EHUAEE (p <0.05) o X TRRIE, AR 72K+
FHZ A ZEFIIARZE (p>0.05) . ZiE,
SELON— DI RE AT RER I AR A AR

R3 TRXFFMFHERIENE REMERRSESN

K5 A Ak, BR{E(KOH)/ NG TR 2 /%
() (mmol/kg) (mg/g) Pt R T WilmER ekl ANEAIEER  RRIEiER

I

YN 13 2.50£1.07 0.14220.165 3.12£0.71 60.10£9.99 22.95+3.87" 3.91£5.30 88.24+3.06" 3.79 +0.53
HKHTE 5  1.78+1.06 0.062+0.025 2.90+0.49 56.76 +11.30 22.51 +4.42" 3.12+4.59 83.54 +6.94° 3.64 £0.31
i 12 2.14£1.28 0.157+0.252 3.31£0.30 63.01 £5.50 18.71 +1.87% 2.67+3.20 85.29 +4.08" 3.73 +0.43
mITZ

WEER 33 2.25+1.41 0.132£0.209 3.07+0.51 58.17+9.52 21.43+4.74 3.85+4.69 84.62+5.78° 3.77+0.47
Vg 10 2.21£1.27 0.287+0.339 3.29+0.67 63.12£6.98 22.06+2.93 2.19+3.26 88.42+2.07" 3.66+0.68
B 6 1.55+1.25 0.060+0.036 3.26+0.40 60.44 £10.58 21.46 £6.64 2.82+3.67 85.76 +2.32" 4.04 £0.53
A

WEER 22 1.97+1.20 0.193£0.267 3.26+0.42 60.98 £8.04 20.00=3.89° 2.67 +3.53 84.646.03 3.80+0.35
FMF 27 2.30£1.48 0.124+0.210 3.04£0.60 58.22+10.08 22.83 +4.82" 3.97 +4.83 86.26 +4.17 3.77 £0.64
e

—% 12 1.74+0.88" 0.056+0.018 3.19£0.54 60.25+10.42 20.71 +4.43 4.27+4.95 86.43 £4.06 3.88 +0.25
=4 4 3.45+1.43" 0.158£0.042 3.51£0.28 64.06+2.62 17.89+1.95 2.71+2.46 85.62+2.53 4.03+0.35
Abii 32 2.12+1.37™ 0.167 £0.251 3.07 £0.55 58.47+9.40 22.33+4.79 3.21+4.34 85.14%5.76 3.73 0.6l
R

1~6 A 17 1.84+1.21° 0.18420.302 3.25+0.40 60.71 £7.25 19.82 +3.44* 2.84£3.62 84.31+4.80 3.67 +0.47
7~12 A 16 1.81+1.10° 0.166£0.254 3.07 £0.61 59.53 +10.56 21.78 +4.97"" 3.76 £5.16 86.25+5.82 3.83 +0.41
13~18H 13 3.03=x1.62" 0.119+0.134 3.12+0.64 57.71 £11.04 23.98 +4.95" 4.17+4.57 87.24£2.77 3.95+0.73
19~24 A 3 1.94+1.06™ 0.086 £0.034 2.95+0.14 59.57+4.91 19.76+3.84"™ 1.11£0.20 81.24+8.70 3.44 +0.18

T AR NG PSRRI — 20 SRR R 225 . (p <0.05) s WRERRTRRALANT , A1 10% ZEA7 R E Lo , A TR HE— i

YA IE , A AR SRl , ¥ 7 SIERT il 114 10 5
AR TR & it it S AL FE R R A S AR AR ) 7= S

VRN Y SRS E PR AT AR — € 22 5%, HE N3k [
P AR AR S T 2 T T A R LA



2022 4F 45 47 ¥ 5 11 1]

FoH

iR 131

AR T (B H AR KB AN O e i ) il 45 19
SEATI DPPH [ ¢R JE 3 Bk i 1 Kbt Ak 7 (4 2E
RZE MM ZHMMB-HHE bR) STEINE U E
S W R R T R R I SR Il T (R
feRasE vk ot AL MR ) M EE R R,
R T2 BORAT R B 5 20 /0 2 80% , HL4
Fa B MER 2 0T 60% 0 HH LR HR S RF I, ¥ 1
SR S8 A R 0 e i /D BRI T A Ak R S A
A, 49 BRSO IAE L, Y Ml AR 1 4R
PO AR (R 2 B A 8 19 S AR 3, v R 5
B = H N T T AR R R A K

2.2 FAF AR 04 N5 B BR 20 R,

HI & 2 W], SERT TR i 1 A 7 1R 22y Vi TR
(C18: 1n9¢,38. 06% ~ 70. 13% ) . W iR ( C18:
2n6¢,15.11% ~34.57% ) A5HfR (C16:0,1.94% ~
3.94% ) FifEd: —HiR (C20:1,0. 88% ~ 14.79% )
R, P UAEAE —mR G RN ERRZABREK, B
127.09% o BEAL, SERFh b & A /0 i 1 A S I
MR (<0.18% ) HEJEAR ( <1.48% ) . FitH — i R
(<0.49%) . W R ( < 0. 4% ), Jx W i R
(<1.11%) HHR(<0.60%).,a - W KR
(<1.85%) 1LigilR (<0.31%) i - —+ —f—
R (< 0. 63%) F - — -+ — Bk H MR
(<0.16%) .

AR T2 (AR IV KL A O e 3= ) il
SRR R TE B 22 5 (E Il S Y
SRR FIHE B AT R L 22 R0 r K

He 1= N

49 FPSERFIIAE S B BB TR 4 LA B : AN [R] 2 1) v
A LA FIAEAIR IR A8 A — M R AN RN A 7 1R
e R TC R 25 (p >0.05) 5 H Eh AR i ik
MR & i S T R R K R A (p <
0.05), MG Z T EZE55 (p>0.05); L4
W1 ~6 H it 2 4 B A, HO iR & &R
ZRT L2 13 ~ 18 A hAE (p <0.05) ;I 4EHT
TR & 5 2 35 5 T Al (p <0.05) 5
I IR AN A B 107 R 5 2 2 3 v TR A
MAEE(p <0.05) (H 5 E ke o % 25 (p >
0.05) 53t Y AR 0 A0 AN 7 2 & 1 5 e 1 T
TR EZS (p>0.05) , (HE&F LB R MAER
AR INTER & fE s (p <0.05) o
2.3 FAFhAESag ATR - FTIR 44

SIHT 49 FhSEHFIEE AL AE 4 000 ~ 600 em ™
B ATR - FTIR FHE, A g HAE AR, DA
AEXT I g AT 2% i i 10 A F g, Lk 4,
H1:2 923.56 ecm ™' 1 1 378.85 em ™' 435 C—H
(—CH, ) WX % fift 4 i 3 08 A 06T k25 i e 2l i
2854.13cem ™" Fl 1 461. 78 cm™' 43 5 C—H
(—CH, ) MEXT PR i 25 41 20 e 57 X257 i 4 2y e
1745.26 em™' Sy C=0 ([ig) i i 4 ¥ 3h i;
1241.93.1 162.87 em ™' F1 1 066.44 cm ™' 5 KH i
=R ik AR (C—0) 1Y 48 4R B g
721.25 em ™ R (—CH, ) B4 4 (9 R 42 HR 3l i ;
642.18 em ™'y O—H {TEIAM il HR s

R4 49 FhIAF AR ATR - FTIR HiE B IEREXIES

ATR - FTIR i SEA I - A0 W 5/ %

FEf s 2923.56 2854.13 1745.26 1461.78 1378.85 1241.93 1162.87 1066.44  721.25 642.18
o o o 1 1 0 o 0 o 0

cm cm cm cm cm cm cm cm cm cm
Al 11.81 7.42 9.17 3.60 2.74 4.49 8.94 - 6.56 12.96
A2 11.87 7.07 9.27 3.82 3.16 4.70 8.71 5.85 5.09 10.20
A3 16.35 9.57 9.09 4.16 5.19 6.67 8.93 13.44 5.05 37.33
A4 15.95 9.68 10.33 4.58 5.22 6.62 9.47 11.92 7.09 29.81
A5 13.10 8.37 10.18 4.25 3.43 4.94 9.16 5.88 5.82 13.14
A6 14.13 7.95 8.69 2.81 3.45 4.83 7.74 10.05 5.44 21.65
A7 13.67 7.74 8.70 2.71 3.18 4.58 7.71 9.15 5.51 14.53

A8 13.76 7.54 7.66 2.32 2.97 4.45 7.26 9.53 3.69 -
A9 10. 54 6.46 8.46 2.95 1.77 3.45 7.97 4.13 4.57 8.49
A10 11.47 6.81 8.32 2.88 2.22 3.83 7.90 4.79 4.10 13.39
All 13.27 7.55 8.21 3.00 3.18 4.69 7.87 8.41 3.80 3.86
Al2 11.18 7.08 8.65 3.36 2.27 3.92 8.36 4.59 4.65 16.87
Al13 13.16 7.84 8.35 3.03 3.04 4.78 8.29 7.58 4.32 15.74
Bl 11.73 7.36 9.17 3.57 2.68 4.40 8.90 5.24 6.36 6.89
B2 16.13 9.68 10.35 4.54 5.34 6.73 9.48 12.50 7.20 34.11

Cl1 11.78 7.13 9.02 3.39 2.54 4.03 8.22 4.97 4.07 -
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ATR - FTIR i 3EA7 I 10 A 0 U 5/ %

FEMSS 2923.56 2854.13 1745.26 1461.78 1378.85 1241.93 1162.87 1066.44  721.25 642.18
em ™! em™! em™! em™! em™! em ™! em ™! em™! em ™! em™!

D1 11.86 6.99 9.18 3.77 3.13 4.63 8.62 5.81 5.09 -
D2 11.47 6.69 8.72 2.61 1.87 3.39 7.65 4.30 4.19 0.36
D3 13.39 7.87 8.95 2.95 2.92 4.35 7.92 7.35 4.72 -
D4 13.40 6.63 6.62 1.61 2.62 4.19 6.83 10.53 3.91 13.65
D5 13.37 7.87 8.82 3.12 3.15 4.61 8.04 7.70 4.12 -
El 15.79 9.33 9.12 4.13 4.79 6.25 8.85 11.84 5.05 42.45
Fl1 16.43 9.67 9.22 4.24 5.12 6.57 8.98 12.72 5.14 39.38
Gl 14.67 9.26 10.22 4.58 4.64 5.95 9.11 9.53 6.21 -
H1 14.39 9.11 10.07 4.46 4.44 5.76 9.04 9.02 6.16 10.50
11 13.92 8.86 9.96 4.33 4.05 5.38 8.88 7.94 6.03 4.58
J1 13.96 8.76 10.26 4.27 3.97 5.46 9.31 7.73 6.33 11.97
K1 21.82 12. 65 10. 80 6.23 - 10.19 10.30 23.52 8.50 39.89
K2 19.00 11.10 10. 50 5.24 - 8.45 9.85 18.12 7.54 27.88
L1 15.26 8.55 7.68 2.82 - 4.55 7.09 10.52 5.88 20. 46
M1 10.33 6.41 9.28 3.02 1.50 3.11 8.07 3.71 4.42 11.68
M2 12.30 6.30 6.98 1.65 2.05 3.66 6.94 7.91 3.44 3.08
N1 9.75 5.10 7.18 1.46 0.73 2.49 6.85 3.47 3.21 9.11
01 10.44 6.16 8.09 2.66 1.40 2.97 7.45 3.77 4.11 18.20
02 12.10 6.69 7.65 2.06 2.03 3.59 7.18 6.35 3.60 -
P1 10. 58 6.59 9.17 3.12 1.92 3.56 8.12 4.25 4.49 2.79
Q1 16.56 9.42 8.77 3.52 4.85 6.13 8.16 13.60 4.34 8.42
R1 11.56 7.44 9.22 3.68 2.40 3.85 8.37 4.69 5.35 -
R2 11.91 7.47 9.48 3.69 2.99 4.53 8.71 5.46 6.39 20.75
R3 13.23 8.11 9.49 3.88 3.73 5.24 8.84 7.82 6.87 20.01
R4 9.30 5.25 7.43 1.56 0.32 1.97 6.80 2.73 3.45 1.23
R5 10. 59 6.09 7.82 1.87 1.21 2.79 7.20 3.69 4.01 -
R6 11.21 6.47 7.88 1.99 1.50 3.07 7.27 4.20 4.49 15.76
R7 10.93 6.95 9.43 3.35 1.91 3.58 8.43 4.17 5.18 22.77
R8 10.76 6.68 9.11 2.97 1.62 3.31 8.17 3.98 4.85 22.69
R9 11.66 7.09 9.35 3.35 2.45 4.06 8.54 4.90 5.37 17.95
R10 10. 12 6.16 8.58 2.87 1.55 3.18 7.86 3.94 4.42 13.58
R11 11.75 6.92 8.64 2.86 2.44 4.12 8.16 5.66 4.70 2.49
R12 14.48 8.73 9.40 3.86 4.25 5.81 8.94 10.00 5.73 3.64

SEA{E 13.02 7.73 8.91 3.32 2.73 4.65 8.27 7.53 5.11 13.15

CV/% 18.93 18.94 10. 68 29.65 51.61 32.49 10.00 56.03 23.13 90.70

T — R A SR AE WA IR IR T 0. 1%

KA OC R BOE A BT S8 PR S B TE 22 B (X, ~ X003k 2 923.56.2 854. 13,1 745. 26,
& S B AL A T 0.68 ~0.98  1461.78 .1 378.85.1 241.93 .1 162. 87 .1 066. 44 ,
2], X AT RE S AR I BR B 1 AN AIFE BE FIBERETE 721.25em ™' 1 642. 18 em ™' W), Dt S AL (A
A HEMDEIE 22 R B R TS (V) JRIE(Y,) FEHBR SR (Y,) GRS R(Y,) .
X, o JE 1 066. 44 em ™' Fi1 642. 18 em ™Abb AT  WIHER SR (Ys) AEAE—HER & R (Y,) A AIE
W AFE 6T DA R 1) AR S R BRI 3K 56.03% F190. 70% TR i (Y, ) ARG R & it (Y ) Sy B {H,
(%4), N7 MLR 57 £ A5 () AR Ak 3R 508 S 2 KT

PL10 4~ ATR - FTIR JEA7 WIS ¥ B4 W3k 5 i,
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FoH

iR
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R5 il ATR —FTIR XiEHFIES @SSR £ Tk 1 T8
(0] A A e R B AR g AR AR E T R AL
P/ em ™! E@g HEAE RE FERH R TR AR WA —IEER  ANERIRIER AR AR D R
(¥, (Yy) (Y3) (Yy) (Ys) (Ys) (Y;) (Yy)
W 17.570  1.376 8.313 170.003 * 13.654  -36.138 149.568 ** 4.944
2 923.56 X, -0.813 -0.160 —1.514"" —34.681""" 8.894 10.636" -14.299 0.121
2854.13 X, -0.151  0.410 2.1147"  42.869*"*  -9.367  —12.484" 19.673"  -0.246
1 745.26 X, 0.929  0.030 0.704 " 19.226* -2.992 -8.252°" 7.093" 0.248
1 461.78 X, 0.396  0.072  -1.358" -39.251"""  11.638~ 13.929 " -11.951" 0.768
1378.85 X; 0.083 -0.037 -0.115 -1.763 0.138 0.924 -0.590 0. 040
1241.93 X 2.476 -0.088 1.029 32.721* -2.792  -10.896 18.603*  -0.195
1162.87 X, -2.576  -0.285  -0.948 -22.319 —-1.121 9.897 -12.999 -0.286
1 066. 44 X, -0.166  0.005 0.110 2.083 -2.368"" -0.882 -1.297 0.015
721.25 X, -0.568  0.001  -0.208 -2.135 -1.729 -0.459 —4.592""  —0.542""
642.18 X 0.036  0.001 0.004 0.114 0.077 -0.002 0.197" 0.017"
] )R ) 2 0.819  0.420 0.014" 0.001 " 0.032" 0.001°" 0.002 " 0.001""
BERYLEZE(RY)  0.133  0.217 0.412 0.550 0.377 0.496 0.492 0.501
WA PR AE 22/ % 0.495 0.110 0.342 6.846 2.829 3.031 3.574 0.374

e % TR p<0.05, #% FL/N p<0.01, #=x FI/RN p<0.001

FHES A1, Y, 1 Y, /) MLR BEARUA 53 (p >
0.05) , HAWRBIAI 3K 8 25 (p < 0. 05) =ik 2 & K-
(p<0.01), H P-P K (B) BRfAIsR2Z5F 5 ES
G3AT . BEAL Y, Y, Y Y Y, F Y, 0 TR AR 7 O
2R 0. 342% . 6. 846% . 2.829% 3. 031% .
3.574% #10.374% , WG, 454G ATR - FTIR i
A2t 2 i w0 A0 T Sk B DT RR AR, 5
R TE 4

H3E 5 AT %1:2 923.56.2 854.13 1 745.26 ¢cm ™'
11 461.78 em ™ AbIEE 5 Y, Y, Y F Y M5 (p <
0.05) ;1 461.78 cm ™' F11 066.44 cm ™' bk 34 5 Y
X (p <0.05) 51 241.93 em ™' AbIEE 5 Y, 1 Y, 5
ZIEAE(p <0.05) ;721,25 em ™' 1 642. 18 em ™' b
W25 IR 5 Y, Fl Y A5 (p <0.05) , Mahboubifar 25

IR, FE4 000 ~550 em ™ 5 B A -5 FH 1 &
(R AR BRI ERHRER AENRER IHER IR PR
fiR) CBE I AS Fh ik 1 213 ~ 1 302 A4, D 32 R4 04
(33532577 cm ™' F1925 em ™) ¥ 5 R FS 5 [E 5
R TAT, MABISE R Y, Y, Y Y, Y,
Y b, 10 A [ 22 1 AT fifp e e oy {8 S22 S 1) 41, 2%
55.0% 37.7% 49.6% .49. 2% F1 50. 1% , i A
At BRI T2 8 o

2 E IR S , B4R ATR - FTIR )t
T T AR Ak, AR ) O A i Y e R el AR, R A
2 I ATR - FTIR/MLR 4 75§ 5 2 5
S VRO T P T S R SRR IH A o 4R T v TR Ak
PG HE B A, PR O g = PR
T, S5 A2 6 FrR,

F6 ET kO RRE A IERFRERIIENRS 2N

EE3

U ( S BN ) /%

Xl XZ X3 X4 XS X{s X7 XX X9 X]()

Y3

TRMGRR &) /% 1
Y4 YS Yﬁ Y7 YX Y3 Y4 YS Yﬁ Y7 YS

12.33
12.83
16.15
15.37
11.71
15.03
15.16
14.41
A9 10.85
A10 12.38
Al115.02
Al2 12.36

7.64 9.30
7.52 9.31
9.40 9.06
9.35 10.31
7.55 10.07
8.43 8.88
8.40 8.88
7.90 7.78
6.60 8.42
7.16 8.13
8.74 8.81
7.47 8.37

3.74
4.00
4.05
4.44
3.91
3.11
3.08
2.47
2.92
2.96
3.74
3.03

3.07
3.1
5.00
4.85
2.58
0.00
0.00
3.40
1.93
2.1
4.37
2.69

4.79
5.04
6.47
6.29
4.17
5.48
5.58
4.85
3.61
4.23
5.79
4.41

9.01 5.71
8.74 1.70
8.84 12.91
9.44 10.80
8.92 4.84
7.98 11.94
7.99 12.44
7.38 10.87
7.99 4.36
7.80 6.57
8.46 11.05
8.25 6.00

6.78
5.40
4.92
6.81
4.86
6.17
6.07
3.89
4.28
3.87
4.23
4.27

17.79
0.00
53.30
0.00
0.00
12.32
0.00
9.03
14.01
0.00
0.00
11.99

2.59
2.11
2.92
2.1
3.38
3.56
3.46
3.35
3.36
2.97
2.94
3.40

51.58
31.23
56.15
56.26
60.20
73.10
71.38
64.90
61.85
52.69
53.27
63.74

20.53 6.61 79.97
25.09 11.07 75.46
27.01 7.79 93.09
18.78 4.10 79.96
21.31 4.25 86.86
15.75 -5.60 83.14
14.59 -5.62 80.16
20.17 0.65 86.70
21.71 3.75 88.70
24.39 6.33 85.10
24.01 6.89 85.94
21.98 4.01 91.13

3.06
3.88
4.79
3.21
4.18
2.97
2.80
3.86
4.04
4.02
4.17
3.87

2.25
1.96
2.07
3.15
2.97
3.27
3.4
2.63
3.73
4.09
3.67
3.78

42.35 29.69 12.34
40.86 26.72 12.98
44.63 29.71 13.47
62.14 18.70 1.19
65.90 20.22 1.23
68.50 20.02 1.11
65.65 22.76 1.08
64.31 24.57 1.35
66.87 19.53 1.25
65.39 21.79 1.00
65.61 22.17 1.03
67.40 20.37 0.39

85.902.72
83.16 3.91
90.28 4.23
82.78 3.71
88.253.44
90.38 3.67
90.223.78
91.162.82
88.91 4.02
89.24 4.57
89.934.18
89.314.18
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e

%6

. EES

RIS &) /%

(=]
#IJFI Xl X2

X7 XS X‘) Xl(b

Y3

SCE (MR &) /%
Y,

Y4 YS Y6 Y7 YS YS Y4 YS 6 Y7 YX

Al314.24 8.43
Dl 12.2 7.09
D2 12.13 6.95
D3 14.55 8.76
D4 14.17 7.19
D5 15.03 8.62
Rl 11.72 7.44
R2 12.57 7.76
R3 13.75 8.35
R4 9.43 5.52
RS 9.85 5.60
R6 11.00 6.32
R7 10.55 6.62
R8 11.23 7.19
R9 11.68 7.40
R10 11.39 7.00
RI112.72 7.40
R12 15.23 9.06

8.44
9.18
8.63
9.47
6.95
8.76
9.13
9.47
9.24
7.95
7.61
7.91
9.34
9.37
9.69
9.05
8.73
9.13

3.19
3.70
2.56
3.52
1.92
3.28
3.62
3.76
4.09
2.06
1.75
1.90
3.23
3.44
3.52
3.09
3.05
4.12

3.64
3.27
2.17
3.82
3.09
4.07
2.51
3.42
4.05
0.69
0.75
1.35
1.72
1.94
2.40
2.26
3.04
4.7

5.33
4.60
3.66
5.23
4.64
5.45
3.99
4.95
5.49
2.30
2.38
2.94
3.38
3.56
4.03
3.94
4.68
6.14

8.43
8.49
7.62
8.43
7.06
8.06
8.40
8.77
8.77
1.22
7.00
7.26
8.29
8.39
8.71

9.54
6.66
5.59
9.32
11.52
11.09
4.9
6.85
8.90
3.01
3.23
3.85
4.00
4.20
4.73
8.32 4.79
8.29 7.63
8.92 11.37

4.58
5.03
4.40
5.46
4.20
4.09
5.83
6.46
6.97
3.65
3.84
4.44
4.59
5.21

18.27
0.00
0.00
0.00

10.70
0.00
0.00
4.09
5.52
0.00

12.66

20.41

12.11

21.07

5.3 23.712

4.79 11.16

4.84 0.00

5.94 3.78

3.43
2.26
3.23
3.53
2.51
3.36
2.99
3.06
2.52
3.52
3.55
3.58
3.48
3.38
3.43
3.52
3.14
2.59

66.60 20.28 3.03 91.15
40.50 24.97 9.64 77.04
60.81 21.10 1.15 83.77
68.84 18.60 -0.61 87.25
50.11 19.72 4.27 75.35
63.59 21.53 2.00 88.22
52.39 21.07 5.68 80.25
62.36 17.93 1.91 83.05
49.25 20.38 6.25 71.16
62.96 18.15 1.04 82.96
66.38 18.70 -0.30 85.47
69.60 19.35-1.26 88.17
63.15 20.15 2.49 86.82
59.73 21.78 4.04 86.59
64.69 20.90 2.62 89.15
68.04 19.49 1.03 89.48
62.53 18.47 2.12 84.12
48.97 21.48 7.76 19.77

3.80
3.97
3.70
3.50
3.37
4.08
3.41
3.13
3.02
3.86
3.74
3.54
4.21
4.08
4.04
3.83
3.50
3.44

3.44
2.18
3.34
3.38
2.87
3.05
3.25
3.32
2.69
3.82
3.36
3.30
2.96
3.16
3.47
3.46
3.30
3.32

65.58 21.38 1.04 89.043.68
39.31 29.95 11.93 84.01 4.24
63.83 22.87 1.07 88.493.80
64.43 20.31 1.06 86.513.71
55.50 17.18 0.91 74.413.32
63.96 23.95 1.26 90.053.52
46.19 15.74 11.33 74.403.75
67.13 20.06 1.53 89.513.59
61.79 18.31 1.11 81.882.91
62.39 14.76 6.55 84.554.64
57.91 17.89 1.15 77.863.59
66.17 19.62 1.22 87.923.54
57.35 19.23 1.03 78.253.21
66.23 19.07 1.18 87.373.84
67.93 17.32 1.77 87.753.80
64.30 19.31 1.42 86.113.78
67.09 20.40 1.25 89.654.11
63.24 17.02 2.61 84.083.59

HIZE 6 R, 30 FliiiAe 2o R b BRSO A R 5
H(Y;) GRS R (Y,) GRS R (Ys) BN
W bk (Y ) AR R 2 2 e (Y, ) FAR A0S R
it (Y) SEXE A 510 3. 16% (60. 66% \21.02% |
3.26% \86.04% A1 3.73% , i A4 24 U {ELF- 2 {6 7
BA 3. 13% .59. 43% ,20. 65% 3. 24% 84. 40% Fl
3.70% , n] WHIMER 5L PME R BV & (A1
TR ) PN A 5 2 5 WA ., L AN AR A R Y
PEME AR ZEA T~ 11.15% ~10.95% Z [i].,

3 % #
RARTE T B 18 AN [E (Y 49 BRI

ity AT A G b S AT AR — € 22 5%, U HOE i A AL
{EL TR (B A6 AR — 0 IR 3% R, 8 5 AR 00 il ik

63.120% .152.90% 1 127. 09% , y=H#b Jin LT 7.
At 2RI A 5 7 i R G S (E
TR 5 AN AR AR &5 ) 22 A7 7E R K A
B 7 i, 0 VPR B AT AE SR AR AR s AN LR
JRSYI I IR 5 e AR MR SF A . LA, SRAT
il ATR - FTIR Jtii% i 30 A B 045 10 304 1%,
FLw vy 5 TR MR & & i MLR AR 38 255K
F-(p <0.05) , AT F i 7 R 4L B 00 45 B {5
10 LA WX i 17 TR 55 0 28 S 1) B R4 oK ik
55% , 55 i I3 R 4 B DG 30K 118 G Al A1 W 0 75 3 — 2B
248
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