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Optimization on extraction technology of total flavonoids from strawberry
by response surface methodology
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Abstract: Based on the single factor experiment and Box-Behnken design, the effects of ethanol volume fraction,
extraction temperature, liquid-to-solid ratio and extraction time on the extraction of total flavonoids from strawberry were
studied by response surface methodology. The results showed that the order of factors affecting the extraction yield of total
flavonoids from strawberry was liquid-to-solid ratio>ethanol volume fraction>extraction time>extraction temperature. The
quadratic polynomial regression model of extraction parameters for total flavonoids from strawberry was established. The ex-
traction conditions of total flavonoids from strawberry optimized and modified by the model were as follows: ethanol volume
fraction 60% , exiraction temperature 53 °C , liquid-to-solid ratio 47 : 1, extraction time 120 min. Under these conditions
the yield of total flavonoids from strawberry was 5. 89 mg/g, which was similar to the prediction result of the model. The re-
sults of this study provide a reference for the follow-up study on industrialized production of total flavonoids in strawberry.

Key words: strawberry; total flavonoids; extraction; response surface optimization

%ﬁ(f"ragaria ananassa Duch.) , N PRera; B ﬁJ‘[ﬁﬁ%,%ﬁﬁ*fjﬁ7ﬁ%2*,%ﬁ&ﬂ’%ﬁ}%g
SEA AR A R SR SR AR T A

e FI 38 2019-03-05 AR, HA @R D7 Bl B AT 1S RHIE
ERTR 2 TR 0 4791 (2018A351) LA B B A A L (0 £ B T

PR IKIW(1981) 5 KRORRLA UL, B, e U R
W B % 5 % 2 2% DR 5. (Bl Soss1se@ s DR S TH BEA I TT B, A COKCR R TSR

qd.com O WSS IR AR RO R SRR S B R



K TERIEE 0 1L TV (AL A P B B R SR T 1451

MEWT BESE RS R AT 4E iR R R TREERY)
Jot, i HS AT 46T 3R 2 WA DI RE oy, BAT T L
i ML A A, TR 3% LAE 3SR S8 AR A
BT, W5 LR AR M 1, BRI GBI el B JIK
SEOREFE

T AL A W) (Flavonoids ) JE AR Y — 28
TR W), — A B SR A B, BAT
TR A BN ZGBAE TS FHT, 2 T A
B AR B4 5T MR AT T LY
JORC P i ORI 0

WHFEA R LW, B ) R ik b ) 5
e 72— KRB RAFpbi A fetiae, RA B
(A BRDIRE 0P AR AR e A A A
AT, B AR T R B R ) T ) F 5 2R
FETE B AR W 0 PR S5 7 T, 1 SR A5 XA
[Fi) PG HE Fi g SR SEBIE S e B, A o A ) 2 288 )
SRR BEE R IR, AR R T R, AL
FA BT TV 5 VAR A T R R S A S B 5 A
VIR R R ¥ T45 2 d PR B, ™5 56
SEUTBRTEIN R B A AR ) B, R S Y
T AVRRAE b BOFE AN W7 A A AR AR, B S B PR
P—— B S RE S A AR ) SN RE T 22 18] 7 A
B PIAR SN . AT, X R A B 2 Al 5 R
T, 2R R P AF S Xk B v B A ) i H B
PUAALEIEAT T WS, Bk PORCAE T SR IR 28 i 46 8
TR R R R 2SN R S BT 2 AT T
SRTIT, A SR I T 2 1o e g v i I 2 AL 5 W 42
WU TR WARIE R, AT LR g O 16 i

(EYRIASCRR A1 i (STt 2
1 RS Tk

1.1 #HE5RF

B Ak [ A5 BB IR RO A Bk A A
FE 2T ER 24 A R R E i BR L TR K &
P RS RREN AR R | AL A R Al
1.2 (B

FA2204B 53t K ( LR R =S A BR A
HPE AR HH-2) B8 fH R K 88 (44T A8 3 /R HL
A BRAFIFAAL) ,L-600 B0HL (5 R AR AL
IERA BRAF =0 BT R4S (i —fE Rk 224
PABRAE ), SHZ-D (3) JEFF /K BL25 2 (1 ifg

P PEALES P2 5, SP =722 A] WL ek it
( B AER A R AR i), T6 SNt
(b m 3 priE A AT FRA F ) |

1.3 FHi&

13.1 B THEBZMLH SEKHE
Tk DL T & (pg) AREALDR, SOV A RTE 510
nm IO BE Sk P\ A A 22 i B o 2 R Y =
0.023 5x-0. 001 7,R*=0.998 2,

132 ¥HFIZZMGRRK S HEHINED 1y
Do WALV AR T LSRR FREL 5.0 g HLAE
Wl — ORI PRI A IE— B0, 1
WA,

1.3.3 EHEEFWF R E F T bRk
YR LTI 1.3.2 BT A5 0 A 00 4 B B 4
WO AR T AR v T, B U RO AR A T
bRt il £k 7 B, TSR A5 R O AR T B TR A
(pg)o

FRE RN (ng/g) = (mxV,xN)/(WxV,x
1 000)

A m AFE SRR R R A () sV, N
SRS IBORARFR (- ml) 5V, S SCE 55 H05E B
FHEER AT (ml) s N AR BERTE W oA 56 A1 )
FitE(g).

1.3.4 FRZRXE

1.3.4.1  ZEARFUNBOHRBUS R FEHEHL
IRFE 60 °C BRI 40 1 (RBUTT R FL) | $ B ]
120 min B, 3% & 2 BEARFL 50N 40% .50% .60% |
70% 80% .90% , 47 Je ¥ T (10 $ L, ) 7 R O R
THA SRS

1.3.4.2  $RHOGRBEXHRBARR AW e iR
TR 1Y) e R B 2 AR RO 0, DL R OTROR) EE
40+ V(ARFUTT & ) SR EUSHE] 120 min B, 5% 5 2
B EE 73514 40 °C .50 °C .60 °C \70 °C .80 °C , #E4T
SVHETR ) BRIR I0 W RE THIA B AR
1.3.4.3  WORHEXHE SRR FEi iRk
B A R A PR I S AR R B FRIBURE | D) B4R
HUFE] 120 min B, 8 2 W08} G430 24 20 ¢ 1,30 -
1.40:1.50:1.60:1.70 : 1(KFHEELL), #17
SVHETR ) RIR, 0E WRE TR R AR
1.3.4.4  FEEETEIF SRR RGN 7R A
RIS I I AR I 2 B AR o 5k SR IO okt
e, B HREU R 435124 30 min .60 min 90 min 120



1452 AR i N (A 3

2019 4F % 35 % e M

min 150 min 180 min,iﬂ:?# JEL ] E"J%EX,(W%W%
JE TR R

1.3.5 h @ kX i B AR 30t fERH R
IFE Al I, A H Design-Expert 8.0.6 X {4 Box-
Behnken H0 21 A 18 56 158 T J50 B 47 e 1o 1 G 56
VIR CBAARUT B (A) SRR (B) AL (C) |
SRS E] (D) 4 NN B AR i K -1,
O FI 1, RLREAE S0 B PR 75 3 S Wi SO (L, W) 1o T 16 A
EIOKFEFE L,

F1 MEEXBRERKFER

Table 1 Factors and levels for response surface design

EES
i
K CEEHAR PEHGREE  WORHL FE IS (8]
8 %) (C) (ml = g) (min)
-1 60 50 30: 1 120
0 70 60 40: 1 150
1 80 70 50 : 1 180

2 ERE550r

21 BREAZFRKR

2.1.1 TEABRSHNFEFWRAEG YR 1R
WU 60 °C WCRHEE40 + 1T (IRBUT &) AR
] 120 min B, 2 BEEAA R 43 B500F B0 A 3 T £ L)
S 1 s, W 1 ATLLE L B S £ AR R
SIRURBE R | RS R A SRR K, XY 2 WA
SIERTF T0% ], RS R A5 R IF 45 T [, Xl
AESE T SRR B A B AR, Y 5 s AR KT
BRI K 1) B AR 4 i, B BCREAIG (H 24 2,
FERF G b, (3 B 2 T A SR R &
(RISt e 3T, 8 R 2 0 SO 1% V5 A T2 AR, 5 BT
BRBCR TR 722 pras B (£ 2) s, ANH 2
T A L 50T R g R T BRI 5 ) I S (P<
0.01), HH, % 70% K 2 i AR R BUA T 4351
2.1.2 REGREMEFHWRFRA Y0 (ELEEK
T 70% JROFHEE 40 = 1 H2EUSHE] 120 min B, 42
O %o A R A R U s an ] 2 o, fR
2 AIAT, B PRI A3 i, B A P A R AR R
BRACHEIINIG RS X T BB ONR B B T
PRAHSRBORY BR BN, 43112 sha BE e, 7 F
BT ) IO P S A R R TR, 7 o T 2 BT 35
st e (H 2R B e, R T R R 2R A T AR

P, BRSSP B A5 B A AL TR | T 1 B i 2
PITAFARBEAR 22 Oy 2243 W8 SR (R 3) R 42
SR R X B 5 5 B I 41 A R W I 3 (P<0.01)
1, B 60 °C b AR U

—_— N, W R

BHEIEE (ng/g)

LIEAEBUIEL (%)
B 1 ZEGRSENES SEIRREMm
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Table 2 Variance analysis for the effect of ethanol volume fraction

on the extraction of total flavonoids from strawberry
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Fig.2 Effect of extraction temperature on extraction of total

flavonoids from strawberry
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Table 3 Variance analysis for the effect of extraction temperature

on extraction of total flavonoids from strawberry
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extraction of total flavonoids from strawberry

Rl A B ¥y r P
2HH] 6. 176 5 1.235 38.272 <0.01
HN 0.387 12 0.032
Bt 6.563 17

2.1.4 FRIRRT R 2 B R EAAF R ¥h (E WK
TR0 70% AR BURE 60 °C  $2BURCRHHL 40 1
(CPRFR BT o b ) BsF $R IR [ o) R0 B0 9 75 3 1) 5
WA 4 fif7s . M 4 BT RLE Y o I il R B
i 41 ST (] Py 385 o 2 R I s BRI A 3, BB
BF ] 150 min B, FEAR SRR U e, O,
A AE PR A F RS ) 3o K, %o o i 2 40 o 4 4 s A

I, FBURBURIFARFEAL ™ . 2T R (£ S)
B, PR [R] X6 R R T A A 5 L (P<
0.01), Hi, 7% 150 min hy e fd4 st

HEEAE (ug/g)

0 1 1

1 1 J
30 60 90 120 150 180
FRIRESIA] (min)

E 4 REATEIXEE S BRI
Fig.4 Effect of extraction time on extraction of total flavonoids

from strawberry

*5 REMEMNESIEMRNZMWNFTESNER
Table 5 Variance analysis for the effect of extraction time on ex-

traction of total flavonoids from strawberry

5 B R ¥ F P
A 33.116 5 6.623  392.293  <0.01
AN 0.203 12 0.017
Bt 33.319 17

2.2 Mo Rz @5y i
221 vam@EHHFE MY Box-Behnken 5015
TR, 76 B R R IR 25 R SL A b, X B R T A 2
DT 4 INE 3 K9S, T 5 i 45
mzk 6 iR,
222 HESMHBEFEAE S H] Design-Expert10
xR 6 TR0 B 1 [l I AR AR Ty 22 43 #r , 45 SR
T R Ik EEAA AT A S R A5 2 0 (R
X Gty 17 A% S ) [T 5 R A

TR R SR Y (mg/g) = 15.499 8 -
0.493 94+ 0.249 1B + 0.553 0C - 0.149 9D +
0. 003 0AB+0.001 6AC +0.003 44D +0.002 3BC +
0.003 9BD - 0.002 1€D-0.002 14, -0.009 5B, -
0. 005 5C,—0. 000 8D, .

H 2% 7 WAL, J5 22508 S 35 A 00 25 R R %
A [|] 5 4 2%, 2R TS I 2% (P=0. 636 7>0.05) ,
HIRA e 2 S g B T A R
1 YRIGE € %F i 37 1 52 000 8.5, 2 YR30 B, %F il iz
(52 MR 25, €, D, X6 T 7 P 5 Ml 4. 3, 3¢ . 30
AD BD X0 [0 F P 52 Ml A ok 2%



1454

AN N A o

2019 4F % 35 % e M

% 6 Box-Behnken % 3% fifl f7 25 R
Table 6 The response results for Box-Behnken
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5 o 0 -1 -l 2.85 20 1 0 1 0 4.58
6 0 0 1 -1 3.65 21 0o -1 0 -1 4.26
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12 1 0 0 1 4.24 27 0o 0 0 0 5.05
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Table 7 Variance analysis of regression model
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Fig.5 Contour(A) and response surface map(B) of the interaction between ethanol volume fraction and temperature on the extraction of

total flavonoids from strawberry
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Fig.6 Contour(A) and response surface map(B) of interaction between ethanol volume fraction and liquid-to-solid ratio on the extraction

of total flavonoids from strawberry
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of total flavonoids from strawberry
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