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Abstract: Polyphenols were extracted from the needles of different pine species by high-shear mixing emulsification. Shear speed, shear

time, ethanol concentration, sample to solvent ratio, and shear temperature were used as the indices. From the results of single factor testing,

ethanol concentration, shear time, and extraction temperatu ere selected as the factors to be considered for the steepest ascent and response

surface methodology using a central composite design. The'o action conditions were as follows: shear speed: 18000 r/min, sample to

solvent ratio: 1:10, ethanol concentration: 64%, shear time: 140 s, and shear temperature: 44 ‘C. The yields of polyphenols from the needles of
Pinus koraiensis, Abies nephrolepis; Pinus sylvestris, Pinus tabulaeformis, and Picea koraiensis were 19.7623, 24.6992, 14.0626, 9.4983, and
29.7984 mg/g, respectively. Meanwhile, 2,2-diphenyl-1-picrylhydrazyl (DPPH") scavenging ability and total reducing power were used as

indicators to compare the antioxidant capacities-of the extracted polyphenols from the five pine species; these were in the order of Pinus

koraiensis > Pinus, tabulaeformi Picea koraiensis > Pinus sylvestris > Abies nephrolepis. When 2,2’-azino-bis(3-ethylbenzothiazoline

-6-sulfonic acid’ABTS': was us indicator, the antioxidant capacities were in the order of Pinus sylvestris > Pinus koraiensis > Pinus

tabulaefor PQ koraiensis > Abies nephrolepis.

Kévor ine néedles; pine polyphenols; antioxidation; high-speed shear mixing emulsification technique
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Table 1 Single factor tests
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$%:1%/(r/min) WLpaTa) /s WyRE/C TBERE /Y% FhHRF(MV)
1 10000 90 20 40 1:6
2 14000 120 30 50 1:8
3 18000 150 40 60 1:10
4 21000 180 50 70 1:12
5 24000 210 60 80 1:14 77
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Table 2 Design of the steepest ascent experiment

EE5 hnati/s CEERE % R/ C
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Table 4 Results of the steepest ascent experi
F5 et CERRE% RBBEIC  AMTEEMFE/(mg/g)
1 90 40 20 6.56
2 120 30 14.84
3 150 40 24.26
4 180 J 50 23.68
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Table 5 Factors and coded levels of Box-Behnken design
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75 55 B T 52 50 2 SR 3 Tl by AR Box- ALE R |
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% 6 Mo EKIOLER
y Table 6 Experimental design and results of response surface analysis
-2 WmRE/C TEERE /% STbata)/s A4+ % B 43 % (mg/g)
6 60 60 90.00 16.42
4 60 70 135.00 18.17
11 40 50 180.00 17.19
17 40 60 135.00 20.34
13 40 60 135.00 20.66
14 40 60 135.00 20.17
2 60 50 135.00 16.41
7 20 60 180.00 15.45
TR
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H#ER
1 20 50 135.00 11.38
16 40 60 135.00 20.79
3 20 70 135.00 15.73
9 40 50 90.00 13.92
5 20 60 90.00 13.52
8 60 60 180.00 17.46
12 40 70 180.00 18.21
10 40 70 90.00 18.84 | 4
15 40 60 135.00 20.22
xR7 @ISR FESR
Table 7 Analysis of variance of the primarily established quadratic regression model
IR H) 7 Fe ASE HF F1& B
AR 120.51 9 13.39 82.32 ,‘E’.ﬁ
A-BTniR g 19.16 1 19.16 117.79
B- LB RE 18.15 1 18.15 111.59
C-37nat i) 3.93 1 393 24.19
AB 1.68 1 1.68 10.31
AC 0.20 1 0.20 @2
BC 3.80 1 3.80 23.38
A’ 42.32 1 42.32 260.22 <0.0001
B’ 14.30 1 14.30 87.93 <0.0001
c 10.15 1 10.15 62.43 <0.0001
KE 1.14 7
% IR 0.84 3 0.1197 R
#iR E 0.30 4
AR B Fm 121.65 16
R% i 0.9786
R 0.8861
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