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(1. W AR 4 W FRARES 5 B R B S S0 90 %, WiV Bul 3113005 2. WiTTARAMR R S Mk 5 4 W4 AR =
B, WiV A 311300)
WE: [ B8] RAwE@ES SR Bletilla striata 3.7 36 F £ 3R BTy ikt i, [ Fak ] RBBOLFERF pH = £
ERBEANE QAP REEL, FALEREERBMED R TEARS K, R AR 4 N2 T RELRK
ag ke b, AR B AR S ke A, R FEERERRAM, (&SR] IARAER S04 5 5 RHR RS
A RYF, pH & £FAEA . MAkK 530nm, Zi&-THEE 80 min, AFFLIEEN, 4 /EH E SRR E wA K]
WA A o o e AR . WERRAR . BRI . EAOE S F 640 W, T ELRARS MK 90%, kAT 22 min Feokt
(@)% (ML) ¥t 1:48 94 BT, ORR P LT ETRREHN 6.68meg-g!, S5HEATMNEL 683 mg g Ah—5, [£#]
BRACPT IR 77 5T AR @ B Ao b 37 R 09 RIH %, 4 BB GBI 50T R A MARBHRE, B 8 &2 4 22
EEHA: ARG FEE; pH T £%; MEER; AR &
FESES: Q946.8 XEkPRERS: A XERE: 2095-0756(2020)05-1020-07

Optimization of microwave-assisted extraction of anthocyanins from
Bletilla striata flowers

WANG Zhen'?, WANG Jie'?, XIANG Haiping’, FAN Zepeng®, SUN Chengman®, XING Bingcong'?,
SHAO Qingsong'”?
(1. State Key Laboratory of Subtropical Silviculture, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China;
2. College of Forestry and Biotechnology, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China)

Abstract: [Objective] This study is aimed at the optimization of microwave-assisted extraction of
anthocyanins from Bletilla striata flowers. [Method] With anthocyanins in B. striata flowers determined and
extracted via microwave-assisted extraction and pH Differential Method and the optimum parameters of the four
single factors of microwave power, methanol concentration, extraction time and solid-liquid ratio obtained, the
study has managed to obtain the optimal extraction parameters of anthocyanins with the quadratic regression
equation model established using the Response Surface Methodology (RSM). [Result] (1) The conditions of
the optimal model fit well with actual extraction; (2) The pH differential method was adjusted to a measured
wavelength of 530 nm and a solution equilibration time of 80 min; (3) The impact of the four factors of
microwave power, material to liquid ratio, methanol concentration and microwave time on the amount of
extraction decrease in a progressive order; (4) With the microwave power at 640 W, the methanol concentration
as 90%, the microwave time set for 22 min, and the ratio of material (g) to liquid (mL) adjusted as 1:48, the
total anthocyanin extraction in B. striata flower was 6.68 mg-g ', which was basically consistent with the

theoretical prediction value of 6.83 mg:g'. [Conclusion] The optimized method can be employed for the
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extraction and preparation of anthocyanins in B. striata flowers, providing a basis for the comprehensive
development and utilization of B. striata flowers. [Ch, 8 fig. 2 tab. 22 ref.]
Key words: Bletilla striata flower; anthocyanins; pH differential method; microwave-assisted extraction;

response surface methodology

M M Bletilla striata "N *%F} Orchidaceae 1 M J& Bletilla Z4FE EANY), Er=T 28, L. 1L,
S AN, DITRREEAZ, AT, As . aEY BAWSObm, HMmANIR, X Tig
. mkin ., MR AR AEA Y. WP AT R ICEEA L, i E NI E AR
MR BAE 4-5 H, AEFEAE 3~10 25, (bt RsRerts . mereal, BARESHIEME, &8 &2
FhAE RS0, HOKRE Y A B A bt s AL st , wIAE yokom A7 IF R R, 6 &R
(anthocyanidins) F/KEMERREER, B TZ2WMILGY PR EEGY, ZhAAOTH KRS 2I0A B 6
A oC 7, (BTE H AR S AR DA 8 B 1 oo 2 D B XA ED . B 2 AU Y i E 2R A
Yz, EEAHUEAD . BEmAE"Y . PrEY . I SE . BEE B TR VA R MR
WGz 5 D) e S S e e AT 5 GE R 2 v BRI AR NI R S R SR, 6
RRUETEZE, TERRIAL R o) AR RO BBE X RAR AR IR A AR . i,
AU ARSI AY . pH /R 22 E M ERORAR (3512 (HPLC) & I E LT R ik, wid
HAR S BAHSCHE, Horp pH 7R 20l A2 K 25 (AOAC) 1E AN BIFFE S 46 28 FIE i Tl rh 4%
TR R FNGE 3 EAE T F MY BEA I £ 73000 AR5 R PO vk 30 4 7 o 1 TR A A 1) B AEAE T R, OF
K pH /R 2150 L R SAETE 2R, UUIA F e e T R LRGBS S AR .
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TR BR A R B804l . pH i+ FE20[ Mp4e -6 F 24088 (1) ABRAF ], AK-1000A 500 5i
PRI 2R ML GRS T ) 25 WA BR 2 7)), DHG-9031A HL#ViE IR T8R4 (IR 22 S0 it &
FRAT]), FA2204 HLF 500 RV (BT RS BHE A BR A R]), NIL07-3 AL fipe b (st AN A i i
AR, RE-2000A JEH: 78 % 4 (LW o AEAALER ), TDL-50C K B .04l (1 255 Rh2 AU RS
J7), Epoch2 ftri¥ (35 BioTek {X#s A FRA )0
2 ik
2.1 BIEBEMRE

B B AE RS AN A B (DA B0R 1% ERIRVEVE ) S TR0 AR B, B OB s W, skt
TTHRAEEL, A9F 2 I EIEW T 35 °C JEZ8 1 h 5 FHRBGAIEZ 2 10 mL, —20 °C LR E 2.
22 pH REZFMNELETRZEZFHMRML
221 ook ke aE R EAL TR n] WG X IR K R R 465~560 nm!”, BT ABRAE 75 2 4
% 0.2 5 0.6 mL A pH 1.0 ZZ 0P IR AT, T 450~600 nm I GBI LK 5 nm FEA7 4390, AR E fco K
W .
222 -FHERE A SrRIEAEE RHREGK 0.2 5 0.6 mL 1Y pH 1.0 ZZ ik ok pH 4.5 ZZiRIRS), =
R RGN 0~120 min, BERF 10 min Ml5E D(530). D(700), VIBHE S fE VA a]
2.3 REUREIMTE

FEIRPREURE AL, FERNE LR 1:400CBHBNLR g, RN mL), KBRS ECH 80% 1 B (LAAA
FUYECH 1% $hRmRe) . kT3 400 W IAEE FH2E 10 min, R HEZES 4 000 r-min™ .0 15 min,
BRIV 35 °C hez8, FBGAER 2 10 mL, A% | ARHUR .. HokiEESE FiREE, 5 2 kit
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WO . HEdEAT 4 IREEEL, 4% 2.4 S RIHEF T BAE T R TR BRI e, DA A A PR R B
24 BUBERERENE

S5 73 AR BT R B R B TSRS . B 0.2 mL AEF REEHUR, 44515 0.6 mL
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3REL, BOFHME. SAET R (Tao) BB AR 4 R -3-0-H AT (C3G) 19 & B bR AT 11
B, HHRAKPI N The= {[D(530)p111.0~ D(700)p111.0]-[D(530)5114.5~D(700) 114 51} MwDr/(€L) o KA, Tac®
REIRRWIE (g L"), DN pHAE N AR XS IERE, My o~ C3G B4 (449.2), Dy MRS
e, &N C3G MZE THOLRHEL (26 900), L AHEMDEEE (1 em B, L=1). PR ST R
SR BT it A A T T LG A3 T o
25 BEEZXW

DI e . O EEARRR 4, BRI RV RUERE L A RN 2R, il T SRR B e, BRI
FXTRACTT RIEWCR A5 o RS ERFRIURE S, AE F BER AU BN 80% . BHBLEL (R Ry g, VTR
£ mL)1:40, $2H 20 min A5 T, SEATH0IETI S (160, 240, 320, 400, 480, 560. 640 W, 1RZEN
+£5 W) (35 F A 5 5 FERLI R 560 W, B EE 1:40., $2HL 20 min B9 4500 T, # E H AR B 20 3
(20%. 40%. 60%. 80%. 100%) Y IX[HFEH ; FERLE DI 560 W, H BEIAFR 5140 80% . BHE LL 1:40 1Y
SMF, BEAGUERTE (2. 5. 10, 20, 30 min) MYFEIR; ZEGGIE DI 560 W $EH 20 min, (RT3 ECH
80% MRS, BRI L (1:10, 1:20, 1:30, 1:40., 1:50, 1:60) FUYEHERGE . % 2.4 /BT
SR R AR IR AT
2.6 Mo Rz E SEIE

R BRAR R AL T AR T 2 4 =1 MEESREZSKE
'ﬁ: ) E$ % élj:l:% E/‘J %ﬁﬁ s ) LA ;'é\ ?E% % EF/T%EX% Table I Coded levels and corresponding actual levels of independent
Sy AR, e BRI TR (4) . R AR R 4 8K variables used in Box-Behnken design
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OEABITH R, Bt 4 KE 3 7K1 0 i i 1 5 0 560 %0 = 1240
5. WITRER 5K 1 PR, | 640 % 30 1450

3 ZEREAHH
31 pH REZFMNERSTEZEGMAL

HIE 1 TS s RO AE 450~530 nm X [B]Z# THiE , 78 530 nm b A RAE (0.37), 4l K4ks:
HEMVA TG R R T R o DRI 1 S A6 R AE T 2 A6 ] LGS L PN A e R W K 530 nm

M & 2 s D(530) Bt i 8] 9 38 K RS, 50 min J5 WOGE 284642, FE7E 80~100 min 35 [F N

0.4 - 050 ——pHI1.0
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0.3 Fraa g gr et 046F ot 5+ 4 ;5 § 3

0.1f S 038
O 1 1 J 034 1 1 1 1 1 1 1 1 1 1 ]
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3w ek T Sk R 5 ol s . .
B 1 AT RAFOTLARK B2 G AE AL T A i R ] K,
Figure 1  Visible light spectrum of anthocyanins of B. striata flowers };{ A

Figure 2 Change in absorbance of anthocyanins in B. striata flower

over time in buffer solution
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RS s TE pH 4.5 Zohifirh, BEE M RYIG N, D(530) BHkE(%, 7E 80~90 min i, WEOGEEARXS 4b T
Fa R I, 80 min S AETE FRAELE i Hh B4 -F- i i ]
32 HFZEMRBURE

HIEL 3 R 19 BAE AL T 2 RO R 250,
TTREAR . &5 1 YR I AL 7 22 (0 SR U i 20l
K, H2 AR IR B I 29 0 55 1 IKEY 16.90%, E
95 3. 4 YCHEBUR BEECR 2005 1K 9 0.70% gLy
0.17%. I, H /AT e RE S IR 5E 4, FLIR 210
5 B USRS 7 A RN TR, e X AT Zos| b
2 RARHL, ® - c
33 HEEXWER 1 2 3 4
330 Bk EABAEFERRFOYH  HE 4 PRI

‘ SRR AN AR ER A % 53 5.3 (P<10.05
Bk MBI 160~560 Wi, 75T AR TR AR 253 5 (P<0.05)

BEICRB 2 O R KT s iy 93 SRR RAER RIS £
%j 560 W Hﬂ‘tﬂf)ﬂ]‘)ﬁ\}f?\ ’ ﬁ‘ﬁ}ﬁ‘ﬁ;@%lj]%:ij(ﬂj fﬁ[T Figure 3 Difference in extraction amount of different extraction
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times of B. striata flower anthocyanin solution
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Figure 4 Effect of microwave power on the extraction amount of Figure 5 Effect of methanol concentration on the extraction amount of

total anthocyanidins total anthocyanidins
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Figure 6 Effect of microwave time on the extraction amount of total Figure 7 Effect of solid-liquid ratio on extraction amount of total
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34 MNERLER

341 v EERT RS RSA AR R LI REERE b, BT 4 R 3 KM R L, L
SAETE R IR (V) N E, T (4). AR (B). T E] (C) FUERE L (D) R H AR
i, HHEAT 29 AL, Hi 5 OB IR IESE S . K545 55 ] Design-Expert.V8.0.6.1 1 Fi#£47 2 st [al I 40
A, SR EIERARAL, ¥=—10.774 63— 0.017 174+0.153 27B+0.382 88C+0.175 19D+0.000 784B+0.000 194C+
0.000 784D—0.002 40BC+0.001 45BD+0.000 23CD—0.000 064°—0.003 458°—0.006 70C>—0.008 43D",

N2 AT, BRI A S, HPPATRIN R 4. B, C. D 53X AB, AD K "IKIi C*. D* %}
MAETT Z AR IR 052 3k B E KO (P<<0.01), WRIA A2, B2 k3| E K (P<0.05), HATKE
A E (P>0.05), ZBEAVRIIA 2, RUNZEA AR, HrhikoE 28R 8 095, KIERE
Rpqi 7 0.90, FRUJHE S, BIEL 5 S PR OLIN G BERCLF , W R BEAT 0t 510 . |y & 2 vh FAEAT 0

x2 EERBEFTESN

Table 2 Analysis of variance (ANOVA) of regression model

Wik S SFJr A H e ¥r F P B
FEA 30.65 14 2.19 19.85 <0.000 1 ok
A 11.98 1 11.98 108.61 <0.000 1 ok
B 2.89 1 2.89 26.18 0.000 2 ok

1.52 1 1.52 13.83 0.002 3 *
4.16 1 4.16 37.70 <0.000 1 ok
AB 1.56 1 1.56 14.16 0.002 1 i
AC 0.09 1 0.09 0.80 0.3872
AD 1.57 1 1.57 14.19 0.002 1 o
BC 0.23 1 0.23 2.09 0.170 3
BD 0.08 1 0.08 0.76 0.398 2
CcD 0.00 1 0.00 0.02 0.892 0
A 0.97 1 0.97 8.83 0.010 1 *
B 0.77 1 0.77 6.99 0.0193 *
c 2.91 1 2.91 26.42 0.000 2 ok
D’ 4.61 1 4.61 41.81 <0.000 1 ok
5k 1.54 14 0.11
P 1.19 10 0.12 1.35 0.4133
aliifas 0.35 4 0.09
PENCP 32.19 28
R>=0.95 R?54=0.90

DL . *FR B (P<0.05), **FRI B EP<0.01), ***F/Rl L (P<0.001)
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Figure 8 Response surface plots showing the interactive effects of factors on total anthocyanin extraction
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