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Abstract: By measuring the dynamic changes of peroxide value, fatty acid composition, active substance content and antioxidant activity
of red raspberry seed oil during accelerated storage, combined with principal component analysis, the storage stability of red raspberry seed oil
was clarified. Within 0~35 days of monitoring, the peroxide value of red raspberry seed oil increased 190.89 times, the saturated fatty acid
increased 0.50%, and the unsaturated fatty acid decreased 2.53%, f-sitosterol o-tocopherol content and free radical scavenging rate of
1,1-diphenyl-2-picrylhydrazyl (DPPH-) and 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonate) (ABTS™) showed a decreasing trend. Four
principal components were extracted from principal component analysis of comprehensive indicators. The total variance contribution rate was
93.30%. The weight analysis, the polyunsaturated fatty acids had the largest weight (9.56%) and had the greatest impact on the storage stability
of red raspberry seed oil. The comprehensive load diagram and score diagram showed that the composition of oil changes greatly in 0~9 days,
and the conversion rate from unsaturated fatty acid to saturated fatty acid was faster in 0~3 days. Overall, as the storage time of red raspberry
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seed oil is prolonged, the quality of red raspberry seed oil deteriorates. In order to maintain the storage stability of red raspberry seed oil, it is

recommended to carry out anti-oxidation and anti-corrosion intervention within 16 days under the condition of sealed storage at 20 ‘C, and the

shelf life under this condition is 336 days. The experimental results provide a theoretical reference for the storage and utilization of cranberry

seed oil.
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Table 1 Dynamic changes of fatty acids of red raspberry seed oil during storage

1bth

e & B 1) /d

0 3 6 9 12 15 18 21 28 35

A%  RT/min
1 20.28
2 20.9
3 25.54
4 32.56
5 32.73
6 32.74
7 33.53
8 36.46
9 37.33
10 38.19
11 40.14
12 40.31
13 40.39
14 40.64
15 41.02
16 43.60
17 44.52
18 45.70
19 47.04
20 47.20
21 48.17
22
23
24
25
26
27
28
29
30

15-F -1+ 3% 8 F &g (Cl6:1)
14-9 -+ B ¥ 85 (C16:0)
TekEg (ZFEB) FEs (C14:00)
-+ S BR (AEARhER ) FEs (Cl6:1)
Tt (AFARBR/ARIEER ) T a5 (C16:0)
T-+ BT ES (C17:1)
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+-lm ¥ Es (C17:0)
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9,12-F A\#K —fdr (ILihBR) s (C18:2)
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9,12,15-+ N\B = M B8 ( LARER) T Bs (C18:3)
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10,13- =+ — M2 ' &5 (C20:2)
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—hER (AR ) FiEg (C20:0)
SFA
MUFA
PUFA
UFA
TFA
MUFA/SFA
PUFA/SFA
UFA/SFA
®-6/w-3

0.07 0.05 0.07 0.06 0.07 0.08 0.07 0.07 0.08 0.08
0.02 0.04 0.01 0.02 0.01 0.03 0.02 0.03 0.03 0.03
0.03 0.02 0.02 0.03 0.02 0.02 0.02 0.01 0.02 0.01
2.14 219 210 225 2.05 239 219 220 2.18 221
0.10 0.07 0.05 0.14 0.09 0.15 0.12 0.10 0.11 0.12
2.89 3.01 2.84 2.85 294 293 290 298 3.02 3.07
0.15 0.10 0.09 0.08 0.13 0.20 0.15 0.15 0.17 0.18
0.08 0.05 0.09 0.12 0.08 0.09 0.12 0.14 0.11 0.13
0.08 0.05 0.06 0.08 0.13 0.09 0.08 0.08 0.09 0.10
48.07 48.00 48.53 47.95 47.58 47.82 47.85 47.67 47.55 47.39
12.33 12.57 12.22 12.30 11.58 12.02 12.05 11.88 11.75 11.51
29.98 29.89 29.84 28.75 28.68 28.91 29.54 29.42 29.38 28.97
0.20 0.15 0.23 0.27 0.18 0.19 024 0.18 0.20 0.17
1.09 1.07 132 124 128 135 133 135 142 1.55
0.08 0.08 0.10 0.15 0.08 0.08 0.05 0.07 0.07 0.06
0.02 0.01 - 0.03 0.05 0.04 0.04 0.06 0.05 0.05
- 001 - - - - - - - -
0.08 0.05 0.07 0.09 0.15 0.13 0.07 0.05 0.06 0.06
028 026 027 032 028 030 026 0.29 030 0.32
0.52 042 0.56 0.51 048 044 047 047 045 043
385 3.78 4.08 4.14 390 430 4.13 419 419 435
12.36 12.59 12.24 12.33 11.60 12.04 12.07 11.89 11.77 11.52
78.05 77.89 78.37 76.70 76.26 76.73 77.39 77.09 76.93 76.36
90.41 90.48 90.61 89.03 87.86 88.77 89.46 88.98 88.70 87.88
98.21 98.09 98.47 97.24 95.86 97.26 97.57 97.20 97.04 96.44
321 333 3.00 298 297 280 292 2.84 281 2.65
20.27 20.61 19.21 18.53 19.55 17.81 18.74 18.40 18.36 17.55
23.48 23.94 22.21 21.50 22.53 20.64 21.66 21.23 21.17 20.20
1.60 1.61 1.63 1.67 1.66 1.65 1.62 1.62 1.62 1.64

E: (1) -k TRAME]; (2) SFA: Saturated fatty acid, 484=f8 58 (3) MUFA: Monounsaturated fatty acid, 3 1 484=
R 588, (4) PUFA: Polyunsaturated fatty acid, % R4&4=J8 7 8; (5) UFA: Unsaturated fatty acid, Aaf=fg/58; (6) TFA:
total fatty acids, & A8H7EL .
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Fig.1 Total ion chromatogram of fatty acid methyl ester of red
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Table 2 Dynamic changes of DPPH- and ABTS"- free radical scavenging rate 1Cs, during storage of red raspberry seed oil

ICso

VE 0d 3d 6d 9d 12d 15d 18d 21d 28d 35d

DPPH-IC5¢/(mg/100 g)
ABTS"IC50/(mg/100 g)

6.95£0.32%  7.04+0.16%¢  7.87+0.09"°  8.98+0.08®®  9.07+0.10 9.18+0.22% 9.23+0.20* 9.14+0.15% 9.16+0.22" 9.14+0.16" 9.15+0.06*
4.26+0.2¢ 22.69+0.58°  45.12+1.48°  49.22+0.29°  47.31x1.50°  47.13+3.03°°  49.12+1.67*  48.56+2.04 48.85+1.77° 48.41+1.25® 48.51+0.75®

3 NSRRI RZ T RN ERSHEN BRI

Table 3 Correlation analysis of oil composition and antioxidant activity of raspberry seed oil during storage

5| LR ARANBR  ARASER  hER BBt TARBR LA B SFA  MUFA PUFA MUFA/SFA PUFA/SFA UFA/SFA f-5%8 a4 %% DPPH- ABTS"
TR 1

AZARBR -0.671" 1

AR B 0.817"  -0.664" 1

R -0.719°  0.601 -0.817" 1

T ik B -0.696° 0492  -0.548 0.770" 1

I R 0339  0.117 -0483 0599  0.592 1

FEE B -0.481 0.492  -0242 0283 0.712° 0242 1

SFA 0.664"  -0.482 0.882" -0.546 -0402 -0.481 -0213 1

MUFA -0.724"  0.613 -0.820" 1.000™ 0.771" 0594 0289  -0.549 1

PUFA -0.538 0298  -0.568 0.745" 0.843 0933 048  -0.501 0.742" 1
MUFA/SFA  -0.748"  0.583 -0.965" 0.814™ 0.598  0.600 0241 -0.930" 0.816™ 0.669 1
PUFA/SFA  -0.672" 0474 -0.893" 0625 0499 0.603 0252 -0988" 0.627 0.626 0.957" 1

UFA/SFA  -0.691° 0496 -0911" 0.660° 0.519 0.604 0249 -0.984" 0.662° 0.636 0.970" 0.999™ 1

B B2 -0.578  0.578  -0.865" 0.727°  0.596 0.662° 0.356 -0.795" 0.730" 0.709" 0.877" 0.848" 0.858" 1

o-% By -0.623  0.663° -0.833" 0783 0.728" -0.679" 0467 -0.735" 0.786" 0.779”  0.855" 0.813" 0817 0974 1

DPPH: 0391 -0498 0.8727 -0.625 -0381 -0.673" -0.151 -0.726" -0.627 -0.62 -0.794™ 07777 -0.784"  0.963"  -0.898" 1
ABTS" 0305  -0.563 0.609 -0.376 -0.244 -0.474 -0307 -0.55 -0.383 -0.426 -0.556 -0.576 0576  -0.832"  -0.785" 0.896" 1

E: (1) **720.01 KF () EAREEARK; (2) *4£ 00.05 KF (40 ) LB EAE £,



DR EmRH Modern Food Science and Technology
4 OWEAFHICEIT P LRSS MR E R D R FFHEER 75 ZE kR

Table 4 Characteristic values and variance contribution ratios of main components of comprehensive quality indicators during
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N AR AFAEAE RICE 77 AN

At 7 £69% E8% At 7 £61% E8%
1 9.830 65.535 65.535 9.830 65.535 65.535
2 1.631 10.872 76.407 1.631 10.872 76.407
3 1.439 9.593 86.000 1.439 9.593 86.000
4 1.095 7.301 93.301 1.095 7.301 93.301
5 0.570 3.799 97.101
6 0.210 1.400 98.501
7 0.140 0.936 99.437
8 0.077 0.516 99.953
9 0.007 0.047 100.000

R5 EHDHETIENE . FHEREFMES

Table 5 Principal component load matrix, feature vector and weight analysis

my — A REERE  RERRE  REERE ek ke A
B HFERE B HFESE B HFESE BAT  HERE
HaAIE 0757 -0.282 0216  -0.252 0462 0375 0.153  0.117 0.180  0.0570 10
AEAEE 0.660  0.246 0.089  -0.104 20.617  -0.501 0.171 0.131 0.119 00378 15
AEPgE -0.884  -0.329 0217  0.253 0260 0211 0283 0217 0.163 00517 12
ThER 0.880  0.328 0219 0255 -0.064  -0.052 0316  -0.242 0236 00747 6
TihEz 0802 0299 0.544  0.634 0017 -0.014 0152 0.116 0291 00924 3
TLRREE 0741 0276 0.075  0.087 0.624  0.506 -0.002  -0.002 0256 00812 4
AR 0487 0181 0400  0.466 0249 -0.202 0.698  0.534 0203 00643 9
SFA  -0753  -0.280 0338 0394 0152 0.123 0205  0.157 -0.126  0.0400 13
MUFA 0883 0329 0214  0.249 -0.075  -0.061 0309  -0.236 0235 00746 7
PUFA 0854 0318 0294 0342 0409 0332 0066  0.051 0301 00956 1
UFA 0917 0341 0285 0332 0268 0217 0.059  -0.045 0297 00943 2
BB 0926 0345 20325 -0.379 0.055  0.045 0.054  0.041 0206 00653 8
o HEH 0962 0358 0.167  -0.195 0.021  0.017 0.123  0.094 0238 00755 5
DPPH- 0846 0315 0480  -0.559 0210  0.170 0.057  0.044 0.177  0.0561 11
ABTS+  0.649 0242 0572 -0.666 0.080  0.065 0432 0331 0.125 00395 14

BRIEE. TEAWARFFI IS B 2+ PUFA.
UFA. WHER. W . o-2E B MBS, MUFA. f-
g HHEE, AR, %I E. DPPHIERRZE., MR
b LU AR IS AR TR 2R A fe AR 88.26% 1)

SR 3 A3 AT AT AR R F P s i o 41 BUE, LT RERF I I kA e e B B Ar,

24 OWEN T RITEFEEE TN E R

B ERHARR BEARER. JHER. WilER. WMRIR. 1&
42, SFA. MUFA. PUFA. UFA. - &8, o-£
By DPPHIERRR . ABTS MR NFEARIEAT E K
. GiRWEK 4. K5,

FRABR LI AR IZE 0~35 d I AN 2 1)
o5, AT ERGS . 456K 4. 2S5 A5, 2L
I 4 A ERG G RRTTZTTIRE N 93.30%>80%,
R ] ke AR & 93.30% 115 B B A /R 7 Birf Ji
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H#) PUFA BUE e =N 9.56%, VK UFA 9.43%,
ﬁ?ﬂﬁﬂa@fﬁ 924%, AL s e WU KA el P R o 1
SN R . 55— R AR Y 9.83, TTERZER
65.54%, ﬁ%‘%?%umnuﬂ’] 65.4%, FEML T AEAH
B JHER. WIHER. WRRER. fE4EFR. MUFA. UFA.
PUFA. a-FH . p-43 K% DPPH-iE &% . ABTS i
H%ﬂiﬁﬁﬁaé A SEAE . BEARIR A OG, X
— F A TTHREK N a-E BT -3 S, Hifar
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B E 0962 F1 0.926;5 5 A FIRFIEAE N
1.631, TTHRAHA 10.87%, £ EARER W IMERFI ABTS [
TR B ERROMRHEEDY 1439, TTERE N 9.59%,
FEARAFHRI & & S E M FRFIEE N 1.095,
TURREEN 7.30%, FERKRSTAMERNEE.

AR F1. F2. F3 1 F4 iX 4 DEiZES TRk
BRI SRI 15 ANBFRXT LI AEF P I et RE 4%
N HAT M. B — T R R 5 3L, 15
ARG B bR 2 5 AR B R A B — FE R 1 R 3L
Tk, FEFEATLASHE . BRI
SIREEEIAR, HHERIERN 4 DR
RIEXIAN (HH Z swserZaprs PR RD:

F1=-0.282 Z jw550.246 Z i4r-0.329 Z wywt0.328
Z 15+0.299 Z wiigt0.276 Z wisest0.181 Z 411-0.280 Zigpa
+0.329 Zyurat0.318 Zpupa +0.341 zupa+0.345 Zp s
40.358 Ztrmt0.315 Zppp+0.242 Zaprs -

F=-0.252 Z sv51-0.104 Z tmt0.253 Z s t0.255
Z wwt0.634 Z wywt0.087 Z wiwt0.466 Z 1wt 0.394
Zseat0.249 Znupat0.342 Zpypa+0.332 Zupa-0.379 Zp i
-0.195 Z:1-0.559 Zyppi-0.666 Zapts. -

F5=0.375 Z waun-0.501 Z ipwt0.211 Z suee-0.152
Z w-0.014 Z wust0.506 Z wim-0.202 Z suwt0.123
Zsea-0.061 Zympa+0.332 Zpyga +0.217 Zyeat0.045 Zpp s
40.017 Zt70+0.170 Zpppr+0.065 Zagrs -

F4=0.117 Z swaprt0.131 Z st 0.217 Z wwpsse-0.242
Z wwt0.116 Z www-0.002 Z wimt0.534 Z wimt0.157
Zsra-0.236 Zyrat0.051 Zpypa -0.045 Zypa+0.041 Zg i
+0.049 Z,71+0.044 Zpppi+0.331 Zagrs -
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REH R EZ .,
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28. 35d 5 PC2 2HHRI Sl EX B, RIFELLRY
BEFFHICIEI 0~9 d RIS BN, HLL0~3 d
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SRR BRI, 3~9 d WAERIIEMERAS LK,
TR R K R B femtk, 78 1521 d
PN SFA FIREIEHR &2 B IO, 7E 28~35 d I AAE
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a 04| ® R
: SR
0.2 o AL ® i
0.0 -
8 ® AR
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_0.6 1 1 ]
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Fig.3 Load diagram (a) and PCA score plot(b) of each
component on principal component 1 and principal component 2
during storage of raspberry seed oil

KFH Schaal AR ZLAG AR itk 07 ALHEAT 7L
W, 60 CHAMF T 1 dAHYT 20 CH&M THEAE 16
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g, AEP IR I E A E N <0.25 ¢/100g E[I<9.85
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5 21 disF] 9.56£0.49 mmol/kg 2L britE FIR,
Tl 20 °C e 4l 336 d, HIEIL 5 PCA 7 H4i &
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RORET. T AR Xt Schaal MR X HT 98T
JIFFHIEBEAT DR A2 IF,  255R380] 60 °C ok N oR4e
W79 204 h, T 20 CEAUON 136 do BRI ANET]
SIS ) A TS, Rl g
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