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Response Surface Optimization of Reflux Extraction and Fatty Acid
Composition Analysis of Osmanthus frangrans Seed Qil

WANG Miao-miao, LI Gui-hua,LIU Jia-qi,ZHANG Die ,HE Guo-wei, LIU Jian, TANG Wei-zhuo *
College of Biological and Environmenial Engineering ,Changsha University , Changsha 410022 , China

Abstract : To optimize the extractionitechnology of different kinds of osmanthus frangrance (OF) seeds oil and to analyze
its fatty acid composition,response surface methodology design was employed to optimize the reflux assistance extraction
technology of OF seeds oil:: Meanwhile, the chemical composition of the fatty acids was analyzed by GC-MS. Moreover,
the in vivo antioxidant activities of OF seed oils were also evaluated. The results showed that the optimal extraction condi-
tions for OF var. thunbergii Makino seed (OFMS) oil was the ratio of liquid to solid at 1: 13 mL/g, the extraction time at
80.0 min, and the jextraction. temperature at 72. 0 °C ; the optimal extraction conditions for OF asiaticus Nakai seed
(OFNS)_oil was the.ratio of liquid to solid at 1: 12 mL/g,the extraction time at 80.0 min,and the extraction tempera-
ture at 120_°C';the optimal extraction conditions for OF var. Auranticaus seed ( OFAS) oil was the ratio of liquid to solid
at-1: 13 ml./g, the extraction time at 60. 0 min,and the extraction temperature at 70.0 “C and the optimal extraction con-
ditions for OF yar. Semperflorens seed (OFSS) was the ratio of liquid to solid at 1: 13 ml/g,the extraction time at 71. 0
min;, and the extraction temperature at 71.0 °C. Under the above conditions, the oil extraction yields for OFMS, OFNS,
OFAS,and OFSS were 15.0% ,17.8% ,18.0% ,and 16. 0% ,respectively. Further GC-MS analysis of OFNS and OFAS
oils revealed that both of them were abundant in unsaturated fatty acids with a total content of 96. 0% ,and oleic acid and
linoleic acid were the dominate fatty acids in two oils. When the concentration of OF seed oils were 5 pg/mL,the DPPH
scavenging ratio of four OF seed oils were more than 79. 0% . These results can provide the reference for further develop-
ment and utilization of OF seeds.
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Table 1 Factors and levels design of Box-Behnken design
2] A ERE B WL C

2k [TV le @/}n‘(mf;‘ ) .*Jr(‘&f!ﬁ -
Factor level Reflux time Reflux temperature Solid-liquid ratio
actor feve ('min) () (ml/g)

-1 60 70 1:9

0 90 75 1:13

1 120 80 1:17

1.3.4.2  GC-MS 4p#7 21

A S5 A A5 A . TG-5MS (30 m x 0. 25
mm X0.25 wm) s A A A(99.999% ) , A
P 1.2 mL/min, FHEFET WIGRTREEBR 80 °C
#3451 min, 28 J5 L 10 °C/min [ 3 % 7+ 5 5] 200
C 2520k 5 C/min FHER) 250 C, )54 2 C/min
(ERAETHE] 270 °C,LR4FF 3 min SEFE LRSS 290 °C;
FESRUERERE 1 WL AP ERE , TR R] 1 min,
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Table 2 Box<Behnken design and corresponding experimental results

GHANT HEHER T FHEERD T PR A T

Ne. A B C OFMS Fatty OFNS Fatty acid OFAS Fatty acid OFSS Fatty acid

acid extraction rate extraction rate extraction rate extraction rate
(%) (%) (%) (%)
1 1 -1 0 14.6 17.0 17.2 15.3
2 1 -1 0 14.6 16.8 17.0 15.0
3 -1 1 0 14.4 16.9 16.9 15.3
4 1 1 0 14.4 17.4 17.1 15.1
5 1 0 -1 13.6 15.7 15.6 14.3
6 1 0 -1 14.1 15.7 16.0 14.9
7 -1 0 1 14.8 17.3 17.4 15.6
8 1 0 1 14.9 17.1 17.3 15.6
9 0 -1 1 14.0 15.0 16.2 14.7
10 0 1 1 13.9 16.1 15.6 14.7
11 0 -1 1 14.6 16.8 17.5 15.8
12 0 1 1 15.0 17.4 17.1 15.4
13 0 0 0 14.6 17.0 16.7 15.4
14 0 0 0 14.5 16.9 16.7 15.3
15 0 0 0 14.5 17.1 16.9 15.6
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Y, = 57. 742 97-0. 174 65A-1. 056 56B + 0. 747
65C +1.58333 x 10°AB-2. 083 33AC + 1. 562 5BC +
5.740 74 x 10*A> +5.916 67 x 10° B*-0. 020 8337,
R =0.977 (3)

Y, =-1. 060 94-0. 220 904 + 0.308 75B + 1. 765

BC + 4.074 07 x 10" A*-2.333 33 x 10~ B*-0. 039
583C*,R* =0.967 (4)

Y, =7.840 43 + 0.054 6184 + 0.086 563B +
0. 098307C-8. 33333 x 10°AB-1. 562 5AC +4. 6875 x
10°BC-1. 62037 x 10*4*-9. 583 33 x 10" B*-8. 528 25
x107°C*,R* =0. 930 (5)

Y, =-17.965 82 + 0.0962 154 +.0.616 1878 +
0.95326C +5 x10*AB-2. 8125 x 1074C4. 375 x 10°
BC-6.43519 x10*A*4. 04167 x10°B*-0.011393C",

1C +2.33333 x10°AB-1. 041 67 x 10°AC-6. 25 x 10° R*=0.914 (6)
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Table 3 Variance analysis for the fitted regression model
o SH:(OFM) HH:(OFN)
sum square sum square
57 Model 5.38 9 0. 600 23.2 0.001 5" * 6. 89 9 0.770 15.7 0.003 8" *
A 2.00 x107 1 2.00x10%  0.680 0.4467 1,00 x 107 1 1.00x 102 0.100 0.762 6
B 0. 180 1 0. 180 6.98 0.0459* 0. 550 1 0. 550 11.2 0.0203*
C 4. 46 1 4.46 173 <0,0001** 4.58 1 4.58 93.0  0.0002" *
AB 6.00 x 107 1 6.00 x 107 2.19 0199 3 0. 120 1 0.120 2.49 0.175 2
AC 6.00 x 107 1 6.00 x 107 2.42 0.1803 2,00 x 107 1 2.00x10%  0.320 0.597 2
BC 3.90 x10° 1 3.90 x10° 0. 150 0.713.2, 6.00x107 1 6.00 x 107 1.27 0.310 6
A? 6.00 x 10 1 6.00 x 107 2.39 0.1830  3.00x10? 1 3.00 x102  0.630 0.462 9
B? 8.00 x 107 1 8.00 x10% 3.13 0.1370  1.00 x10? 1 1.00 x10%  0.260 0.634 6
c? 0.410 1 0 410 15.9 0.010 5~ 1.48 1 1.48 30. 1 0.0027"*
RZﬁfﬂ 0.130 5 3.00x 107 - - 0. 250 5 5.00 x 107 - -
KA 0.110 3 4.00 x 107 4.13 0.200 9 0.230 3 8.00 x 10?2 13.7 0. 070 4
Lank of fit ’ ) : ’ : : ’ ’
Pi?iir 2.00 x 107 2 8.96 - - 1.00 x 10 2 5.83x10° - -
Cll?)rolﬁll 5.51 14 - - - 7.13 14 - - -
- FHE(OFA) UL (OFS)
sl Dy A 012 AT
S;ﬁi QJEEIZEE" § dmf;;‘{ ;Zj; Fiﬁm P:Sl;e Qiiﬁ“ " dme}"{ ;LZJ"Z‘ Fiﬁe Piﬁl;c
sum square sum square
57 Model 1.74 9 0. 190 7.41 0.020 0" 2.16 9 0.240 5.91 0.0324*
A 3.00 x 10 1 3.00x102  0.970 0.3703  7.03 x10° 1 7.03 x10? 2.00 x102  0.900 4
B 1.25x10° 1 1.25x10°% 5.00x10% 0.8356  3.00x10? 1 3.00x102  0.380 0.565 8
C 1.58 1 1.58 60.3  0.0006* * 1.78 1 1.78 43.9  0.0012%*
AB 5.63 x10° 1 5.63x10° 5.98x10°  0.9414 5.62x107° 1 5.62 x10° 0. 140 0.724 8
AC 4.00 x10? 1 4.00 x 107 1.34 0.298 6 0.110 1 0.110 2.81 0.154 6
BC 4.00 x 107 1 4.00 x 107 1.34 0.2986  3.00 x 107 1 3.00x102  0.760 0.424 6
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%23% ( Continued Tab. )
- FHE:(OFA) P4 ZEHE (OFS)
KB SO . )y oA - By
Source Quadratic FIH L Mean ,F fft Quadratic A e Mean ,F fix P
df F-value P-value df F-value P-value
sum square sum square
A? 4.91 x10° 1 4.91 x10° 0. 190 0.6829 8.00x10% 1 8.00 x 102 1.91 0.2256
B? 2.11 x103 1 2.11x10% 8.00x10% 0.7873  4.00 x102 1 4.00 x 1072 0.930 0.379 3
c? 7.00 x 102 1 7.00 x 102 2.63 0.165 8 0. 120 1 0. 120 3.03 0-142 4
Rﬁial 0. 130 5 3.00 x 102 - 0. 200 5 4.00 x107 A _
j{*y\ 2 2
Lark of fi 0. 130 3 4.00 x 10 15. 4 0.061 5 0. 140 3 5.00 x 10 1.67 0. 396 2
i E 9%
Pﬁfﬁ)r 5.42 x10° 2 2.71 x10° - 6.00 x 10 2 3.00% 10 - -
[}
el 1.87 14 - - 2.36 14 - ® -
Cor total

" " ZRWEE,P < 0.01;" ZREE,P <0.05,

Note: * * The difference was very significant,P < 0.01; " significant difference,P < 0. 05.
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2.3 REIZHESKRIERE

SRy L 5 1) 1 T 925 AT AR AR AR - SR BT 2 i ]
SR XL AR IR T 25 S5 A T B0 UE S, 25 SR I 3
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Fig. 1 Response surface plots for the intéractive effects of four extraction parameters on oil yield.
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Table 4 The main components and their relative content of fatty acids in OFAS and OFNS
OFAS #H OFNS #H
T
L RA B " 4 > o o4 2 o 4
fpgy | RN B4 B 7t F ab &R
Retention time . Molecular Relative Relative
No. . Fatty acid name Molecular
(min) formula mass amount amount
(%) (%)
1 27.3 + T 4E R Pentadecanoic acid Cy5H;,0, 242 1.00 x 1072 -
2 28.6 JIii-10-+ F 4R 10C-pentadecenoic acid Ci5Hy, 0, 240 11.7 11.9
3 29.8 FEEMAR Palmitoleic acid Ci6H30, 254 3.00x 102" 4700 x 102
4 30.4 T-LAERR Margaric acid Ci7H3,0, 270 9.00 x102 . 8700 x107
5 31.4 JGi-10-+-L 42 Cis-10-heptadecenoic acid C;H;3,0, 268 2.00x10%  12.00x102
6 31.8 ffiig R Stearic acid C,;H;5 COOH 284 3.36 3.41
7 32.4 SR Elaidic acid CisH3 0, 282 3.00x 107 4.00x102
8 32.7 JHiR Oleic acid C,;H;; COOH 282 44.2 44.2
9 33.7 JZ PR Linoelaidic acid CigH3, 0, 280 3.00x10%  5.00x102
10 34.0 I #ER Linolenic acid C,,H;, COOH 280 38.8 38.6
11 35.0 WA R Arachidic acid CyoHy O, 312 0.350 0.340
12 35.7 Ji-11-—+ Bk HR Cis-11-eicosenoic acid CyoH33 O, 310 0.970 0.920
13 36.6 —+—m%fi# Heneicosanoic acid €, Hy O, 326 1.00 x 107 7.00 x 10
14 37.2 Nii-11,14-— kg —J5HBR 11C-14C-eicosadienoic CyoHs 0, 308 0.100 6.00 x 107
15 38.1  JIfi-8,11,14-—+#k = ¥R Cis-8,11,14-eicosatrienoic acid €5y H;, 0, 306 0.180 0.170
16 38.4 JFM2 Erucic acid CyyHy 0, 338 3.00 x 107 -
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