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WE [ Bd st an EmamiFTan, [ FF] AL REF ARXEMH, @i # K &K% Plackett-Burman 3% 31 1% 3 F=
Box-Benhnken Design %X 38 50 8 #rif 5 F (R A 5B . P AR BR K F) BT BS R BR 2 Bl (B ER 4R U A ) ST REF P %
Bra i #rh, St B § B A i ST WA AT RAL, [AR]I%RT MRS, 7 Hif 5 TARRRZERIRES S04
%, Plackett-Burman X3 # 2 T 3 #¥0 % Br& i X 4L W & o B4 48 KA B8R 7 B8, Box-Benhnken Design iX 32 3 #F X 42 W %
(R RHE A0 KA BT B ) MR AE R 6935 S5 AT AL R ALAT B 09 SRR 5 S50 2 - R BB R JE 79. 58 mg/L 4R 42.21 umol/L,
F AT B E 16.63 umol/L, T S B4 R & TR 3 14.28 me/g, FFRSMA T A 13.42 mg/g, 5T RaAa it T 122.19%
[ #54& ] Plackett-Burman %t % 4~ Box-Benhnken Design #& 5 1 5~ #7 ik 7T AR M348 3 % By Ak 09 35 F SR 3471040, 3 75 FF (%
B+ 40 + XA B TE) MRS E— 5 FFEAMBRZLMRTF F BT, BAA TR S Ha5 K.
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Optimization of Induction Conditions of Promoting the Synthesis of Polyphenols from Pinus koraiensis by Plackett-Burman and Box-
Benhnken Design

LIU Ran', WANG Zhen-yu'** , YIN Hong-li' et al (1. College of Forestry, Northeast Forestry University, Harbin, Heilongjiang
150040; 2. School of Food Science and Engineering, Harbin Institute of Technology, Harbin, Heilongjiang 150090 )

Abstract [ Objective | The research aimed to optimize the induction condition of promoting the synthesis of polyphenols of Pinus koraiensis.
[ Method ] The adventitious buds of Pinus koraiensis were used to study the effects of 8 inductors on the synthesis of polyphenols by single-factor
test, Plackett-Burman design test and Box-Benhnken design test. 8 kinds of inductors were phenylalanine, cinnamic acid, methyl jasmonate,
salicylic acid, chitosan, yeast extract, lanthanum and europium. The condition of promoting the synthesis of polyphenols inducers combination
was optimized. [ Result]Besides cinnamic acid, 7 kinds of inductors could improve the content of polyphenols in different degrees. 3 kinds of
key factors which influenced the synthesis of polyphenols were established by Plackett-Burman design test: chitosan,lanthanum and methyl jas-
monate. The induciton conditions with 3 kinds of key factors were optimized by Box-Benhnken design test. The optimal induction condition was
as follows: chitosan concentration 79. 58 mg/L, lanthanum concentration 42. 21 pmol/L and methyl jasmonate 16.63 wmol/L. The predicted
value of the content of polyphenols was 14.28 mg/g and its experimental value was 13.42 mg/g. Compared with the control group, the content
of polyphenols was increased by 122.19% . [ Conclusion ] The combination of Plackett-Burman design and Box-Benhnken design response sur-
face analysis could optimize the induction condition of promoting the synthesis of polyphenols well. The combination of 3 inductors ( chitosan +
lanthanum + methyl jasmonate) could more effectively improve the content of polyphenols, be more conducive to promote the synthesis of poly-
phenols than a single inductor in adventitious buds of Pinus koraiensis.

Key words Pinus koraiensis; Polyphenols; Inductor; Synergy
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A 20 ml ¥#RFE 60% CBEHE U , 75 D)% 150 W IRLEE 30 °C
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F(7.02£0.24) me/g, S HEAIAH L HE G T 16.22% , 7K#%
PR I S5 A Ik & 4 40 pumol /L,
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KB RS P 58 25 PRI I T R S % e M T, 18
JE— W IR BRI U A A S i S Y L
AR TR P G S B AL FRAT RS , V5 AT AA BRI £ 1 2
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# 1 Plackett-Burman iX381% 11+ % 8 M E

e ACKNAR) B(##) C(%H) D(K#IR)  E(EERHERY) FOGERME)  GORMMRHER) LW
W mmol/L pmol/L pmol/L pmol/L mg/L mg/L pmol/L mg/g
1 2 50 400 20 50 100 10 7.067
2 2 100 200 40 50 100 6.793
3 1 100 400 20 100 100 5.559
4 2 50 400 40 50 200 5.834
5 2 100 200 40 100 100 10 6.580
6 2 100 400 20 100 200 5 5.715
7 1 100 400 40 50 200 10 5.601
8 1 50 400 40 100 100 10 7.030
9 1 50 200 40 100 200 5 6.018
10 2 50 200 20 100 200 10 6.900
12 1 100 200 20 50 200 10 5.907
13 1 50 200 20 50 100 5 6.504
BT AR BARE R 25 >4 0. 333 031, T 15 25 - J7 A hy 3. %3 BoxBehnken {313 Bt w s
992 74, [AlJAF RO ZEL(R®) J9 0. 879 3, iH& 5 R Hy 0. 668 *FE‘”" o ;““ salaliioiiiates &

s e \ p . DI i il FEFTR P A
O, I [ RS A A [ [ B 25 BEAR ST, [l B T T -
. 1 s . s mg/L pmol/L wmol/L mg/g
PR IRAS R 7 AP ST R R R0 2 W& i f9 3 P /N 4K 2 90 30 15 8.034
UCRE M > 81 > KATR T g > RKNAR > 8 > Kigik > 3 70 50 15 10. 531
BRI . B R 22 W & R ARG 3 AP OCHRE  BRT R 4 90 50 15 10.221
SEIME B AR g, Hodb, 76 BRI TSN, B > 70 40 10 7.798
Y JEE (I I, 200 A T W s SR T I A T, B 2 v j jg ;‘g ;g ; ij
AN, Z2 B0 T I, RISE 24 AT SO0 B 11 vk 3 g o % 0 0 9' 187
AR AR P HER A, v LI — S 2 s, T —2 9 80 30 10 7. 900
I T A4 R, B SR S R VB SR AR P IR — & ek 10 80 50 10 8.850
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22 EEAZRMEEEEHE 12 80 50 20 12.739
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MEL R4
% BN EX - T{H PEH HF 14 80 40 15 14.266
A 0.3783 0.1892 0.09614 1.97 0.120 4 15 80 40 15 14.663
B -0.5330 -0.2665 0.096 14 -2.77  0.050 2 .
R4 ARFESFESHERNXIEE

C -0.3160 -0.1580 0.09 14 -1.64 0.176 5
D 0.0340 0.0170 0.09614 0.18 0.868 6 IR LB /) mg/ g LR/ %
E 0.0160 0.0080 0.09614 0.08 0.938 7 FERAME 9.91 +0.38 66.07
F -0.5930 -0.2965 0.096 14 -3.08 0.037 1 il 9.37+0.33 55.13
G 0.4437 0.2218 0.09614 2.31 0.082 3 ST T i 10. 88 0. 24 80.13
BT 6.2923  0.096 14 65.45  0.000 FETOE + ] + T R G 13.42 +0.29 100. 19

2.3 MR ERALIRLE
2.3.1 Box-Behnken i{ 36 ¥ i1 543 #7. 1 H Minitabl5 %k
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Burman {30 SRl _E X 78RO B SR AR Y Rk
3ANEZR BT =R =KOP N ATl . o e T
2P G MR NER 3 4 FR.

I PUAPLE, 2 M it 578 R B R F R
ZIA SR T AT A I R R

Y =13.991 0 - 0. 238 04 + 0. 656 4B + 1. 433 4C -
3.122 64> = 1.411 9B* =2. 177 9C* +0. 174 0AB - 0. 198 0AC
—0.080 8BC

[ F N 8. 55, ZTCHICRE(RY) Ky 93. 90% , Ji#E

R 482.91% ,P{ti} 0. 015, L U456 P =0. 407 >0. 05,
2 RZAAY 5 i S S i R A,
AT FZ BN 3 Fif S R 2 B & Lk 4l
B A TIIN o X 22 Wy £ AR ) 3k B A B KT (P <
0.01) : COCRAEE R A (FERME RN . C* (EFTRE i
TR X2 B e ) S i K B B 35 UK F (P < 0.05) : B
CHRAY ZRI) o 33 B 50 (5] 5 i) 1o (L =2 ) A 2 B — 1Y)
LA FR TN T — K ITUR Ke R T B3, 3 FRIN R
XiF 22 W B S R/ MU SR AT R FH G > Bl > 72 3R

FH L7 AT, AT R H R 22 B 7% 1 9 52 el e S 35, i
THISE FEAEBE U , S 0 R HY IR A S A Wk B AE 15 pumol/L 247 5
1756 SRR 2 RVBB Ak X 22 1 5 £ (R S K 2, PR A B Ak
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FE TR 4 JI7E 80 me/L il 15 pmol/L 7647
2.3.2 (BT A R T AT . R4
TS B A (i A= -0.042 3. B=0.220 5.C

=0.326 9, SRS Bt I A B AR A SE R BIR BE 79. 58
mg/L BV 42. 21 pmol/ L ZEHR HH B HE FE 16. 63 pumol/L,
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TERTERNENE 80 me/L Y E 42 pumol/ L IR AR 1 i e
JE17 pmol/ L, 7ERLASAF T HEAT 3 41FA7100, 2B i) F- 14 3%
R 13.42 mg/g AR IR ZE N 6. 02% , WA T BU{E, did
FERME + 8 + AR BRI A G, 5 3 Bl —if 5 7 A
SPRCREAT RS thaR 4 AT, S8 RME + B + SRR G o
(R FHSEAT M) T L0RAANTE 25 22l 5 B 4R 7, X 22 B 6 i
e RE RO R e
3 #ig

TN 8 T T, WM LD AN E 28 P 2 5
RSN , JHG HP A D R A PR TR i T i M) J5 , SR AT R Y T
FIK AR ISR THIYIR  sC R FIIE LI 8 T A= 07

TR IR TR R R FERS L R R, B T A
MR N BEHE = LU AN E 2 T 2 & 1t LASR, oAt 7 i 5790
RErEAFIRE R S 2 W & &, (2 28 & . Plackett-Bur-
man JRIGEE R AR, 7 BT R R R 2 A )
FAMEUCHZERME > Bl > AR H G > RN > 5 > K
YAl > T PRI, B0 520 2 5 1) 3 B OCHED R ot
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G5 45FH#1T Box-Benhnken Design W Ji 1 A6 05 , Ak
BN AR T4 e RWEURE 79. 58 mg/L Hll W JE
42.21 pmol/L ZEFTA S e B2 16. 63 wmol/L, il £ 1 &
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ZJ7 R R 530, WG /N 22 BEAS {8 L) 255 5 ~ 330 U7

BR/hm’ B, AL 375 JiA/hm’,

SE Xk

(1] ZE2ENI), AR , BY SR, V125 ATRIREZ N A X A= 25 A85 h UR HY
FIBITEE L)) T aAAIFEY ,2000(2) 130 —35.

[2] B2t ook e BUERK, 5. 7 mafaZe G N H e P SEAE
FHATGE[ ] 1-5,1995(2) :60 -63,93.

(3] M5, RNEFHERIESFEFR EX AR PG H 138775 e
YIRS D] R R R R 2013,

[4] BRSObR. Rz AR R RS 5 AT A s [ D]. 47
B 2008,

(5] PV, AR, TR, 5. T A FH I e 2 A S5
FH—— LTI UL T A1) ). R A AR 2417, 2008 (3) «
543 —549.

[6] VRS, st sk &, 5. T A ERI S M AR RIER T ).
BT (B2 AT) 2013(5) 221 -22,40.

(7] WHoE, S, BIEK, 25, WL R R AN iR B AR
LI 2Rl ,1999(6) 1537 —539,542.

[8] BEEAT, TR VT, 55 LR A RS TR IO & B E M e 3
L] BHESHHS,1992(3) :6 - 10.

G G S S S S S S S i G G G G G G G S S SO S S S S GGG S G G S S G S S S SO SO S Wy

(L35 9273 W)

KR ) MHRIA A LR — AT REAEENE S ZH &
IR . R, FRE ST 22 [ AP R VE A —FeE 500
PEEAED) AL P IR AEACUI ) B BRE T IR AR

S 30k

[1] SOONG Y Y,BARLOW P J. Antioxidant activity and phenolic content of
selected fruit seeds[ J]. Food Chemistry,2004,88(3) :411 —417.

[2] CHEW Y L,LIM Y Y,OMAR M, et al. Antioxidant activity of three edible
seaweeds from two areas in South East Asia[J]. LWT-Food Science and
Technology ,2008,41(6) :1067 — 1072.

(3] Phazse, T, FE w5 B AR AR ]. Skl
KeF412,2009,34(4) <4 - 10.

[4] BOSTOCK R M,LAINE R,KUC A. Factors affecting the elicitation of ses-
quiterpenoid phytoalexin accumulation by eicosapentaenoic and arachidonic
acid in potato[ J]. Plant Physiol ,1982,70.:1417 —1424.

[5] TAMARI G,BOROCHOV A,ATZORM R, et al. Methyl jasmonate induces
pigmentation and flavonoid gene expression in petunia corollas:a possible
role in wound response[ J ]. Physiol Plant,1995,94 .45 —50.

(6] H&EMr, milt, e S T E R A RIS = A = O R e
[J]. R 5 TF4 ,2004,16(5 ) :473 —476.

(7] AR EMEE AT E BTN Y. GB/T8313-2008, ¢k %
R LASRZE SR S 1. Jlnt: ARkt 2008.

(8] VEIE, BZ A, 17 E X, 55 W IRIN I SRR A A P s A L it
FURLRELJ]. Sl R EARRI, 2007 ,46 (1) :136 — 143.

(9] THIEE ST, EIRRAFE. BRI A B A A 4 M A st semm [ D] A
UAARNE AR, 2004(2) :50 - 53.

[10] HAYAT S, FARIDUDDIN Q, ALI B, et al. Effect of salicylic acid on

growth and enzyme activities of wheat seedlings[ J]. Acta Agronomi Hun-

gari ,2005,53 :433 —437.

[11] 8, . SNSRI S ARG AU & AR e[ .
AvTabhll 2412 ,2012,34(6) <98 - 106.

[12] AR, ool ZReR , 5. SRR RS /KB 24 T e
FIFR BB SR 2 [T ] PEACRER,2011,31(7) : 1405
-1410.

[13] KANATT S R,CHANDER R,SHARMA A. Chitosan and mint mixture ; A
new preservative for meat and meat products[ J]. Food Chemistry,2008,
107,845 - 852.

[14] BADAWY M E I,RABEA E I. Potential of the biopolymer chitosan with
different molecular weights to control postharvest gray mold of tomato
fruit[ J]. Postharvest Biology and Technology,2009,51:110 —117.

[15] KIM S K, RAJAPAJSE N. Enzymatic production and biological activities
of chitosan oligosaccharides( COS) :a review| J |. Carbohydr Polym,2005,
62357 —368.

[16] SANCHEZ-SAMPEDRO M,FERNANDEZ-TARRAGO J,CORCHETE P.
Yeast extract and methyl jasmonate-induced silymarin production in cell
cultures of Silybum marianum(1. ) Gaertn[ J]. Journal of Biotechnology,
2005,119(1) ;60 —69.

[17] CHEN S,ZHAO B,WANG X et al. Promotion of the growth of Crocus sa-
tivus cells and the production of crocin by rare earth elements|[ J]. Bio-
technology Letters,2004,26(1) :27 -30.

[18] WU J,WANG C,MEI X. Stimulation of taxol production and excretion in
Taxus spp cell cultures by rare earth chemical lanthanuml[ J]. Journal of
Biotechnology,2001,85(1) :67 —=73.

[19] ZHEN, Filfe, 0%, 5. T T o /K B i A= K MR AL &
PRI T ). TR TARAR, 2004 ,4(4) 1325 ~329.

[20] ittt Saldide , SRAE2e 6. 7+ T 30 B R R A A M RS
EPrE SR ]. FZ581,2005,28(7) :533 -534.



