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ABSTRACT: Objective To optimize the oil preparation process for determining peroxide value and acid value of
sunflower seeds. Methods The preparation process of that oil was optimized by mean of ultrasound, the yield of the
oil was taken as an evaluation index, on the basis of single factor experiment, Plackett-Burman design and
Box-Behnken Design response surface method were used to optimize the influencing factors. Then, 6 kinds of
sunflower seeds were extracted by the optimized technology and national standard method, their oil yield,
peroxide value and acid value were compared and analyzed, and the feasibility of the optimization method was

evaluated. Results The optimized ultrasonic extraction method was as follows: Grinding mesh 70, solid-liquid
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ratio 1:4 (g:mL), extraction time 2 h, ultrasonic power 312 W and ultrasonic time 37 min. It had been proved that the

oil yield of this optimized process was increased by 19%—25% compared with the national standard method, and the

oil preparation time was shortened from more than 12 h to 2.5 h, which shortens the preparation time by 80%. The

extraction efficiency was higher, and the measured peroxide value was lower. Conclusion The optimized ultrasonic

technology can extract more oil and consume less time, which not only meets the demand of oil consumption

detection, but also reduces the oxidation risk of long-term oil extraction. The detection result is more accurate, and it

can truly reflect the quality of sunflower seeds. It has been verified that this method is accurate and feasible, and can

be used for oil extraction for determining peroxide value and acid value of sunflower seeds.

KEY WORDS: sunflower seeds; ultrasonic optimization; oil yield; peroxide value; acid value
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Table 1 PB test factors and levels
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Table 2 PB test design and results

LS 4 B C D E  YilNE1SE/%
1 1 -1 1 -1 -1 37.14
2 1 -1 1 1 -1 40.22
3 1 1 -1 1 1 43.79
4 -1 -1 -1 1 1 35.88
5 1 -1 -1 -1 1 39.26
6 -1 1 -1 -1 -1 33.11
7 1 1 -1 1 -1 38.45
8 -1 1 1 1 -1 35.27
9 -1 -1 -1 -1 -1 32.04
10 -1 1 1 -1 1 36.19
11 -1 -1 1 1 1 38.04
12 1 1 1 -1 1 41.78

®3 PBRERMHSES

Table 3 Analysis of variance of PB test results

WH  HAME A SFHFMSS ¥J7 MS F P

e 5 123.1050  24.6211 3027 <0.001%*
A 1 755510 75.5510  92.89  <0.001%**
B 1 3.0100  3.0100 3.70 0.103
c 1 3.1110  3.1110 3.83 0.098
D 1 122610  12.2614 15.08 0.008%**
E 1 29.1720  29.1720  35.87 0.001%*

= 6 48800  0.8133

peyil] 11 127.9850

H: P>0.05, #AREFMEAREE; 0.01<P<0.05, F£REFIEEE,
iEH*; P<0.01, FRZESMRBE, iDh**, TR,

SHLR2.45
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Fig.1 Pareto chart of A~E factors
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S, AL 00 -1 FoR, HARE R KT 4.
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Table 4 BBD test factors and levels

K- AMEE/EH  DEBEYIR/W  E#EA A /min

-1 40 250 20
0 60 300 30
+1 80 350 40

BBD i [ [ SE 5 i i R A5 A L FR 5, 48 ml)H 434745 [m]
JA7FEH Y = —65.1+0.6004+0.4754D+0.798 E—0.0054074%—
0.0007960°—0.01376E>+0.0001634D-+0.001944 E+0.000260DE .,
BBD SZIR A5 5 1y 224047 W3 6, B P<0.001, FHHiZ
BRI R, BT3RS0 REI P>0.05, KUZER
BN, T BB R*=96.03%, U BAKHI 4 B 1ot
FE R, PR e R B R%.=90.93% A I P i AR %L
R peq=86.43%, W AT LA FH 20055 700 Sk ABS-4D0 191 00 444 i 2% S
HISEEGZE SR, W T A SE R AR IS 23 A TR 4347 o F P AT LA
F IR M N R R R E>4>D, A H 5k
R I R B R R, B B R

#5 BBD R RER
Table 5 BBD test design and results

SR A D E Y AR/ %
1 1 -1 0 38.72
2 -1 1 0 38.04
3 0 0 0 43.77
4 0 0 0 4272
5 1 0 -1 38.11
6 1 1 0 40.96
7 0 1 -1 38.11
8 0 0 0 41.43
9 0 -1 -1 37.24
10 1 0 1 42.24
11 0 0 0 4322
12 0 0 0 42.34
13 -1 0 -1 36.85
14 -1 0 1 39.43
15 -1 -1 0 36.45
16 0 -1 1 40.29
17 0 1 1 41.68
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Table 6 Analysis of variance of BBD test results

T H H i df SEJ7 I SS Y5 MS F P

Y 9 87.6630 9.7403 18.81 <0.001%*
Y 1 10.7184 10.7184 20.70 0.003%*
D 1 4.6360 4.6360 8.95 0.020%
E 1 222111 222111 42.90 <0.001**
A2 1 19.6992 19.6992 38.05 <0.000%*
D? 1 16.6825 16.6825 3222 0.001
E? 1 7.9663 7.9663 15.39 0.006
AD 1 0.1056 0.1056 0.20 0.665
AE 1 0.6006 0.6006 1.16 0.317
DE 1 0.0676 0.0676 0.13 0.728

52 7 3.6240 0.5177

ES e 3 0.4659 0.1553 0.20 0.894
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243 gL AALIE Fe BR 2 R 4G B AR I IE
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Table 7 Verification of oil yield (%)

B P B i FE it Iy i BRI
2k FAF 1 A5 2 PR FAF 1 P47 2 P FR%
K1 41.24 42.72 41.98+1.05° 33.45 34.61 34.03+0.82° 23.36
K2 41.99 43.35 42.67+0.96" 35.27 33.32 34.30+1.38° 24.40
K3 45.28 44.52 44.90+0.54" 37.88 35.65 36.77+1.58° 22.11
K4 43.60 41.55 42.58+1.45% 34.24 33.72 33.98+0.37° 25.31
K5 42.47 42.73 42.60+0.18" 35.11 36.36 35.74+0.88° 19.19
K6 44.41 45.03 44.72+0.44* 36.04 35.57 35.80+0.33° 24.92
TE: SFIEE TR EAR NG FREROR “H 22818 5% 3%
*=8 TEME BMNERMEZEERIE
Table 8 Precision verification of peroxide value and acid value results
AR /(g/100 g) 2 i /(mg/g)
ik RS
= N = N
FHIH RSDs/% S RSDs/%
K1 0.0112 4.12 0.144 1.50
K2 0.0145 2.03 0.187 1.66
e K3 0.00944 0.87 0.196 3.26
R Al
K4 0.013 2.38 0.216 1.81
K5 0.00888 1.63 0.144 1.33
K6 0.00846 1.90 0.240 2.58
K1 0.0125 1.78 0.142 1.47
K2 0.0172 2.80 0.183 1.00
o K3 0.0105 2.80 0.189 4.16
FE SRR g 1%
K4 0.0149 1.73 0.210 2.11
K5 0.00967 0.86 0.142 1.87
K6 0.00937 2.31 0.232 2.20
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J5 P B U AR 19 2L AR (E L R M B K F ONY/T
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Table 9 Accuracy verification of peroxide value and acid value results

oy AL E- S E (/100 g) BRH-F-3{H/(mg/g)

Pl D [ A i T{H P i D [ Z AR T 12 T{H
K1 0.0113+0.0005 0.0125+0.0002 4.66 0.144+0.0022 0.142+0.0021 1.67
K2 0.0145+0.0003 0.0172+0.0005 9.42 0.187+0.0031 0.183+0.0018 2.09
K3 0.00944+0.0001 0.0105+0.0003 6.91 0.196+0.0064 0.189+0.0028 2.01
K4 0.0130+0.0003 0.0149+0.0003 9.16 0.216+0.0039 0.210+0.0044 2.12
K5 0.00888+0.0001 0.00967+0.0001 9.43 0.144+0.0019 0.142+0.0026 1.22
K6 0.00846+0.0002 0.00937+0.0002 6.71 0.240+0.0062 0.232+0.0051 1.93

R 10 FIEITRFEILATH R BIRIT
Table 10 Quality indexes of sunflower seeds and oil
GB/T 10464—2017 & 25407

NY/T 902—2015

7 > TS
Wi SRR R b TR AR bR _
—% %% =%
Al <04 <0.1 <02 <0.25
/(g/100 g)
1 /(mg/g) <3.0 <0.5 <2.0 <4.0
3 & ®

AW FEMAL T ZEAEAT A T HE B A I 14 e A 1 45 128,
1R IO BT G R E W R H B B, H ) PB
BEHH BBD Wi ;I 7 AL T 2558k, i %t 6 FZe e rrim
BB B3R BT, & B T2 B9Ih IR 15 238 th B R pn iy 12
PET 19%~25%, dilscif it 12 h L B4R E 2.5h, %
AT A DAL TR FE T B, SR, RBUmEE £, Bk
ST ARG AR A TR o RIS PR O vk R A 5 SR
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