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We used the response surface method to optimize the conditions for steam distillation extraction of
essential oil from pine needles assisted by high shear emulsifier technology. Based on the results of single-
factor tests and steepest ascent experiment, we used Box-benhnken Design ( BBD, Design Expert 7) to
design an experiment with three factors ( high shear emulsifier rotary speed, shearing time, salt
concentration ) as variables and essential oil extraction rate as function value for optimizing the extraction
conditions. The results showed that the optimal parameters of high shear emulsifier-assisted extraction
were ; high shear emulsifier rotary speed 14 950. 65 r/min, shearing time 5. 13 min, and mass fraction of

salt 3. 06% . Under these conditions, the essential oil extraction rate was 18.2 pl/g, exhibiting a good

agreement with the predicted values.
Key words

dispersing emulsifier

21 M ( Pinus koraiensis ) N AAF} ( Pinaceae ) ¥ &
IR o R R AP B AR . A
J7 R AR AL X ) T A AR B 2 — | FE A e
AN R AE K LI BH P AR E DAL
XU LDRERRE S B3R K 6 ~ 12 om  IRGR (A, B
A Z Tkl LD A BRI 3 e A P A ey
iR, FRHA BAT — S RAR (O R F o . TR

i B 2015-04-29 f&EBHE: 2015-05-21

pine needle; essential oil; extraction; response surface methodology; high-speed shear

J7 TR T AR RS 7 8 ) s ) ISR AR L E S
I b, FEZG AR DT R BA DU iR
o B S D, AEAE TG FR DT D R Ik Al LA B
A AR AP R S8 A A IS TR At AR
FATT TSI T B

o Y I FLAL AR R T LR S AR I R B
MR T A R A BRI KRR

EETIE: AR 45 5 L 01 (2572014EA02-4 ) [EZ 1 ARHE LB IUH (31170510)  SBARAMA A ZE H 77 100 B

i H (41110211) ,

F—EE . B M EEFR T KRR S DIRETEPE . Email: f21_1122@ 163. com  #bhik. 150040 MR LA M /R T & Y

DXCFIREEE 26 S ARAEMO KA M= BT
ZXFIRLE : http://j. bjfu. edu. en; http://journal. bjfu. edu. cn



110 G| AN N AN S

937 %

TR — AP IoTs g AR Y Z8 TR BCEOR | T FL
THEMEA SR A, BERE K Z8 S ZE 8T AN B R
PET, BT LAZEAA PR AE Tl i 42 BUE & R K 283028
TVE o AR AT X LLANAAFT A T B2 R 3= 2 BRI e
PRI 2R ——Z TR I (A AN 2 HCRAIG, AR b b X A 21
FARAEL R JEoRE AR K ZE R IR PLE i B R
TR | A o I B 3 56 LA K e 107 TET AR Ak 1 5, 1
Design-Expert #4F AT B4R LA, KR = 87 U)
FLILF AR 4y Bh 7K 78 S8 0 B BCLT A R 3 ) T
LR DU B KRR B AN S AT B R R | AL
FAFAEEAG M7 I AL SR B HE BRI AR R

1 MEE &

1.1 # #

ZIRARAEE 2014 4F 6 H RAH TR EILA AR,
Y IARAT

SACEN TR BRER BN A AT 4l WA 3K F R e T K
RALARFN T Lol
1.2 FEMNUHRESESE

DHG-9240 Hi #fe i 5 KT 44, bl — 1R
FABRA ] FW100 1532 J7 688y BR AL, K HE T 28 37
FV A FR A s ALC-1104 HL TR, b ot FE £ 0
22N R G A BRN ; BCD-238 225 HL vk A, B 26
ZEE A B | FA25 & 35 D14 s FLAR AL, b i 96
- od W ARHLI 3 A R 7 598-1-B A HL T i
PSR TR AN A 5 45 R T 4R AR b o R
AN RABRA A,
1.3 7 &
1.3.1 A a9 32 IR

W B9 JEURLE T RE R BEHIL OB B B S0 ¢ By
K (<0.25 mm) ,FRHE L (T (RFD A — & &
(R AL AR, R FH 81 89 U0 43 BCEL AR DILE A 7 4 B
PRI PRI AL IS TR B R BRI , 47 75
TR%EE Zoad— g i) [B) A K 2548, 15 2K T L JE
TR RS TR MSORS Tl HP B 7K 4, S5 2445 TR 8 (0355 B
() 2livoks i
1.3.2 A3t eyt

P B K 3 SOREIm AR BOCR i+ B X (1) ~
(2):

my, —m,

x 100% (1)

w =
m,

i ow HEKE(% ), m, S EHE TR 5

(g), m, WAREHER R (g) .
ﬂ%i’ﬂﬂ%ﬁx%=m<lv_w) x 100 (2)

A VORI (L), m T 2R B 20

eI BT (g) o
1.3.3 #HERKE

Sy LASY TN [) e | £ (UL K TR ) i
T3 A ZE RN R) Ay B DR 2R AT e B YD A H L AR L
K BB LA T 0 B DR R, AR A B R
POEAR /i R(IE 7 AN A IR S NS b /-
3,
1.3.4 RIERIKIE

HR A B DR 22 R 245 2R | e 5 DT[] F% o 6
o 3 B R e R iR et an g 1,

®1 BEERFRRIZIT

Tab.1 Factors and levels of steepest ascent experiment design
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Test Shearing Rotary speed/ Mass fraction
No. time/ min (remin~") of salt/%

1 4 10 000 0

2 5 14 000 2

3 6 18 000 4

4 7 21 000 6
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Fig. 1  Effect of shearing time on essential oil
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Fig.2 Effect of high shear emulsifier rotary speed on essential

oil extraction rate from pine needles
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extraction rate from pine needles
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Tab.2 Box-Behnken experimental design and results
e B/ ﬁl&z e B/ j;‘i'H’xE
No. A/min remin 1) C/ % Extracnonirate/ No. A/min remin 1) C/ % Extracnoni rate/
(pleg™) (uleg™)
1 3 10 000 2 11.5 10 5 21 000 6 8.4
2 3 21 000 2 9.9 11 5 10 000 0 8.8
3 7 10 000 2 13.0 12 5 10 000 [§ 9.2
4 7 21 000 2 9.1 13 5 14 000 2 17.5
5 3 14 000 0 9.6 14 5 14 000 2 18.0
6 7 14 000 0 10. 3 15 5 14 000 2 17.1
7 3 14 000 6 10.0 16 5 14 000 2 17.9
8 7 14 000 6 11.3 17 5 14 000 2 18.0
9 5 21 000 0 8.6

A RBTYINEE], B A, C IR i /08X, Notes: A means shearing time, B means rotary speed, C means mass fraction of salt.

AT 2 BRI S 15 A [l AR AR Sy
y =18.47 +0.294 —0. 81B +0.20C - 0. 594B +
0. 17AC =3. 120 x 10 *BC - 2. 644> -
4.28B% -5.43C*
Ky ARG IR BCR

el FH g 7 T TR 9 B R X 3
G3HT, AR LR 3,

M 3 Al 24030 P A 0. 056 9 >0.05, %57
AN U IR R X S0 G i 1 LA R 2
NS RBON 5. 73, B IG v SRR R =
0.985 1, IEPE REL RS, =0. 966 0, Tt AR il fift

AT

B 96. 60% M i B 19 A5 Ak, %A () 005 B AT
OB HORS 2 FE AR 4, PR, ] I ] A A 7R A 3k
BB IR B0 45 SR AT 0 B S5 R

25 PR XL AP RS IR ORI R i 2 25 57
10, B f S ) Ak 2 5 2 ) 2 S Wk 2, O g
T T T ST 7 38 5 P 2% R o o7 {1 i) 1) 06 R B, 4%
ANAR e 2 ] B — 2 AR PR SC R Ry ik ]
5E, PLERBYREE PE/NT 0.05 5 3 8T P[] |
Bl ERFUER N IR E SR B E, SR
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Tab.3 ANOVA of regression analysis
T3 2R SEJ5 M H ¥5J5 Fia PE B EE
Source Sum of squares  Degrees of freedom Mean square F-value P-value Significance

157 Model 228. 40 9 25.38 51.54 <0.000 1 ok
A 0. 60 1 0. 60 1.21 0.308 0
B 5.03 1 5.03 10.22 0.015 1 #
C 0.31 1 0.31 0.63 0.4549
AB 1. 44 1 1.44 2.92 0.1310
AC 0.12 1 0.12 0.24 0.638 1
BC 0. 00 1 0.00 0. 00 0.9928
A2 29.24 1 29. 24 59.37 0.000 1 s
B 63.73 1 63.73 129. 43 <0.000 1 s
c? 92.77 1 92.77 188. 40 <0.000 1 o
%% Residual 3.45 7 0. 49
JAUI Lack of fit 2.83 3 0.94 6.08 0.0569 A3 Not significant
4iiR% 7 Pure error 0. 62 4 0.15
J2% Total 231. 84 16
A RELCV/ % 5.73

W, RZERWMEE,  NZER B, Notes: *

* means highly significant, * means significant.
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Fig.5 Correlative effects of high shear emulsifier rotary speed and shearing time on essential oil extraction rate
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Fig. 6 Correlative effects of shearing time and salt concentration on essential oil extraction rate
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