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Abstract

Response surface methodology (RSM) was used to optimize extraction conditions for functional components of
buckwheat (Fagopyrum esculentum). A central composite design was applied to investigate the effects of three
independent variables, namelyextraction temperature (X1), extraction time (X2), and ethanol concentration (X3),
on responses including extraction yield (Y1), total phenolic content in the extract (Y2), a-glucosidase inhibition
activity (Y3), and acetylcholine esterase (ACE) inhibition activity (Y4). Data were analyzed using an expert design
strategy and statistical software. The maximum yield was 24.95% (w/w) at 55.75°C extraction temperature, 8.75
hextraction time, and 15.65% (v/v) ethanol. The maximum total phenolic yield was 222.45 mg/100 g under the
conditions of 28.11°C extraction temperature, 8.65 h extraction time, and 81.72% (v/v) ethanol. The maximum
a-glucosidase inhibition activity was 85.38% at 9.62C, 7.86 h, and 57.58% (v/v) ethanol. The maximum ACE
inhibition activity was 86.91% under extraction conditions of 10.12°C, 4.86 h, and 44.44% (v/v) ethanol. Based
on superimposition of a four-dimensional RSM with respect to levels of total phenolics, a-glucosidase inhibition
activity, and ACE inhibition activity, obtained under various extraction conditions, the optimum ranges of conditions
were an extraction temperature of 0-70C, an extraction time of 2-8 h, and an ethanol concentration of 30-80%
(V/V).

Key words : Fagopyrum esculentum M., extraction, optimization, RSM

M B 22 F< AulE o] ghth WY FAk= xylose, mannose,
galactose, glucuronic acid, arginine, leucine¥} #-2> L= o}

v (Fagopyrum esculentum M.)& vH £l &k Pieqk ofA 2 o] 8= &A% T mtind THEF

B2 v HZoleky $2r)E s Selze
olefa Pzri, Foplo} Ltf Hie] uho] L5 FIF-o} 7
27 5ol A 847145 o] fgslo] de)
o1gHole AFR FelA AthD). St WY
o5 715 AFelAt AnA] Wet o} ofg AT

TCorresponding author. E-mail : jhlim@kfri.re kr,
Phone : 82-31-780-9331, Fax : 82-31-780-9333

gHskar AhR). ©1# 3 rutine quercetin® 22 ZehE
=olE AlFe Aoz BAER] FaAS PPATAL
o Qb bl Fofshs Zom dAaL o 5
733} dolv ddsl 9 Pl A8AFOE 1 ET
Aoy AFAFOZ NLE AL L o= dHA L

T3, Mol s = X3pAYAe] do] WAl Ca, Re, K,

- 734 -



ATl o vE (Fagopyrum esculentum M) A# 715380 F5 24 %3 735

Na, Mg, Mn 53 2-& vjd|& AR 5o glon
HIEHY] Bl, B29] £ F¢0] Ho] 9¢H 77 =&
21 3F 0 Th(5).

HEde B 2ste] WErRE o]&shH, W, vt
&, HEE YR S6) 02, B XE soba Z5(7)
2, H7]o| A< panckake mix, ", =<7, Z3HAE], rp7tEY
TB89TOE o §Hh S oA &, X TS Ax
ke 98 = olgdt) A A3 H A} Vs AAE
o tigt 8771 S UHA] AAeh FA ARl g T4
o] Mzt F7Fekal o] wl=oly Y, S FellAlE olv
A2 wide] 30% BEE AEA L7 AAY FEZ i)
ATt oot M= GBS FAoZ Lo gt
Hilo] F7ketal Qlom, f-ejuetel AR} A A o
2 47 A2 2005 o] F2A] AR AL Al T EE
F2 AFES UERAL Joh10). A= A 5 e
=

4EE F, 47, £, Db, A 5 d001F0] glo.
o, 53], W e 1 2Ho] FEESH, BEG 247
S AUI LW ol FHEN Gel S5 FL
7M1, ofelet, vl dt Aol £k Este. ol g

b

g S A AR A2 = AL seasoning = 7
22X 7FgE o] AREAY, 7FRE ThE Rl 22, S5,
2 5] 17FAFL] Az oA HTFEEA ARSETE
sho} 3k JubA o2 AEFA= Wolr) s Hel whet
A Edo] T AR ¥ dojue Aoz
A A =], WEe Dol A] 53] rutin®] o] A A
7Vt WkEAY o5 wolst wdAe] mtin e
18~27u7+A] Z71ele Ao & JERY rutin 35 YO EH
g 2S JHste Aol tigk #Ae] Frleta Atk
(11,12).

kA, B Aol e wd RS 75 A2
Walr] fete] wE Ao F8AEY HAFES
34} etom, o]F fJste] W A e] )
a-glucosidase |35, ACE A3ll5ell tgt FE254<
FAEA ] el RYE At stk

7

==

A=

2 A ARE W -] of| ] 20083 A
e A4S T4 As ARSsIATh v T 4A3E
A A7 H DA AL AU F 19 45) 1587 B9
TE A% AJAA 6l 7] (Mikrofarm, EasyGreen Co., MA,
USA)S o]g3ate] 797 18 CollA A1 Ak wLAj%-&
B RES A9g 270l RS AYd 4] 70T
o] 2xolA FAET FEE HY AR AR
(TD5508 Freeze dryer, Inshin Lab., Co., LTD, Seoul, Korea)
E o] &3} 7AZX3}L blender(KA-2600, Kaiser, Korea)

Pl
o
ol
rio
o
i

methodology; RSM)S ©]-&3le] 2 FE2x79] o3
FEXU B2 FE2E9 o|g}shy
ot FEx19 HAHsE % 2
of o3t AASIE A, WHEEHEEAS HslA= SAS
(statistical analysis system) program(13)< A}8-3} At}
A A g SHHFX) S AP A F-2 Table
13} Zo] FZ2FANA T3 WF=E a1 E e AR, S
A5 FELEX), FEANNX, 7Tl et e
FTEX)E -1.68, -1, 0, 1, -1.682] 5HA 2 F 5 3}519] )
SHHFX)= SAHEA ol w2} Table 29F 220] 207
7to 2 AAste] F24APS AAsATh E3 ol 89
Aol ot S W THEAR(YDT, FEEY F24
AZA FE(Y), THEA sH=E FH(Y), ACE A&
(Ys) ¥ o-glucosidase A3l (Y22 3FH o, o]52
33] ¥HE S35t 1 Highs 3R AE-stATh
HEEY FESAY 19 Aste HE FE20L
Mathematica program(14)<- ©]-8-3} 43} WS HO =
YRR ST

o

Table 1. Experimental range and value of the independent
variable in the central composite design for extraction conditions

) ) Variable Level
Independent variables Variable
-1.68 -1 0 1 168
Extraction temperature (C) X1 72 225 45 615 828
Extraction time (hr.) X2 2 4 7 9 11
Ethanol concentration (%) X3 8 25 50 75 92
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Fig. 1. Response surface for yield in buckwheat sprout extract at
constant value (yield: 20-21-22%) as a function of ethanol ratio,
extraction temperature and extraction time.

Table 2. Central composite design matrix of three test variables
in coded values, three observed responses of cultivated media

Coded values Responses
Run no. Extraction Extraction Ethanol
Xy X; X5  temperature time concentration

(€) (hr.) (%)

| -1 -1 -1 25 4 25

2 + -l -1 67.5 4 25
3 -1 +1 -1 25 9 25
4 +1 4 -1 67.5 9 25
5 -1 -1 +1 25 4 75
6 +1 -l +1 67.5 4 75
7 -1 1 41 25 9 75
8 +1 0+ 4] 67.5 9 75
9 -168 0 0 72 7 50
10 +168 0 0 82.8 7 50
11 0 -168 0 45 2 50
12 0 +168 0 45 11 50

13 0 0 -168 45 7 8

14 0 0 +168 45 7 92
15 0 0 0 45 7 50
16 0 0 0 45 7 50
17 0 0 0 45 7 50
18 0 0 0 45 7 50
19 0 0 0 45 7 50
20 0 0 0 45 7 50

Ethanal concents ation (%)

Fig. 2. Response surface for total phenolics in buckwheat sprout
extract at constant value (phenolics: 100-150-200 mg/100 g) as a
function of ethanol ratio, extraction temperature and extraction
time.
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Table 3. Experimental data on yield, total phenolics, a-glucosidase
inhibition rate and ACE inhibition rate in buckwheat extract
under different conditions based on central composite design for
response surface analysis

Yidd  Toial phenolics SEUCOSEC 4 g iiion

Run no. inhibition rate

(%) (mg/100 g) % rte (%)
1 20.20 215.75 82.05 90.66
2 22.60 209.97 67.33 53.97
3 20.12 107.01 51.00 60.70
4 19.64 202.97 74.54 50.87
5 23.65 114.34 57.41 43.01
6 20.23 206.27 68.56 21.66
7 22.58 135.56 3551 36.95
8 20.85 210.33 71.04 25.80
9 24.71 134.15 20.29 2898
10 2171 219.93 64.49 18.74
11 20.67 202.40 56.05 72.15
12 24.29 108.66 32.00 45.55
13 19.59 225.54 75.94 21.31
14 21.79 206.61 74.08 24.02
15 20.37 214.31 76.49 7232
16 20.79 196.76 68.04 73.58
17 2047 215.00 71.85 76.59
18 20.94 202.59 71.52 67.53
19 20.44 205.93 67.59 66.92
20 20.04 197.88 75.46 66.14

Fig. 3. Response surface for a-glucosidase inhibition rate in
buckwheat sprout extract at constant value (a-glucosidase
inhibition rate: 40-60-80%) as a function of ethanol ratio,
extraction temperature and extraction time.
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Table 4. Polynomial equations calculated by RSM program for extraction comditin of buckwheat sprouts

Responses Second order polynomials R Significance
Yield YY=21.257022—0.00466§()2(>1(:8& gég??é(;{??g%%g;}({)}%gggé{g%é?000187X1X30008717 09461 0.0001
Total phenolics Yn>=—30.920567+1.21229);;(13_1(.3336641139)%}%09.;)53&%;()3(—2(2):8.2003315153%%—0.006075X1X3+0.002334 0.8875 0.0011
e ion e Yo A ST SO GOAKNOVBOKKO0HS g1 oo
ACE inhibition rate YACE=-2.673171-0.403534X1+16.083519X2+2‘451702X3+0.061223X1X22+0.002222X1X3—0.020899 0.8667 0.0024

XoX3-0.005879X,-1.662784X,-0.026871X5
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Fig. 4. Response surface for ACE inhibition rate in buckwheat
sprout extract at constant value (ACE inhibition rate: 40-60-80% )
as a function of ethanol ratio, extraction temperature and
extraction time.
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Table 5. Predicted levels of optimum conditions for the
maximized and minimized responses of variables by the ridge
analysis of their response surface

Responses
Xi Xz X3 resggﬁsgs Morphology
, 1577 390 6104  19.37(min) N
Yield (%) minimum
5575 875 1565  24.95(max)
Total phenolics 4093 635 826 82.19(min) N
(mg 100g) 2811 865 8L72 22245(max)
oguosidse 996 654 920 301(min) e poin
inhibition rate (%) 96y 786 5758  8538(max)
ACE 4827 860 8692  8.58(min) _
inhibition rate (%) 10,12 486 4444  8691(max)
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Total phenolics 150 mg/100mL

Fig. 5. Superimosed response surface for optimization of total
phenolics(150 mg/100 g), a-glucosidase inhibition ratio(60%) and
ACE inhibition ratio(80%) of buckwheat sprout extract as a
function of ethanol ratio, extraction temperature and extraction
time.
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Table 6. Analysis of variables for regression model of physicochemical
properties in extraction condition

F-Ratio
Extraction conditions Extraction Bxtraction fime Ethanol
temperature ) concentration
(0 %)
Yield 10347 979" o~
Total phenolics 037 0.36 19337
a-glucosidase inhibition rate 302 090 2577
ACE inhibition rate 279 6.03” g

“Significant at 1% level, ~Significant at 5% level, “Significant at 10% level.

-glucosidase 431895 2 ACE Aal|&A 50l gt +&
S4e A 1 23 v A 2229 FH454
< HUgt & § Je FEFRACE FELE 0~0C, 7=
AlZF2~8 hr 2 &&FE 30~80%= NSO M (Fig
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5), o] M| deje] ZAFEF2E 15C, FEATLS5
hr 3 TS EE 50%)04 & 15.18%, FH=4 3=
3HaF 189.27 mg/100 g, a-glucosidase A3 &3} 77.44% 2
ACE A3 &7} 8524% % =5 ATHTable 7). 1241 RSM
71l o3 dZE g FAZNA HA AFst] A&
AFXE B E v =L, a-glucosidase A5 2
ACE A3 835 45 e Ak ahs Ui
Z HE g 27 92 S Uil =249 3749
MRS A5 F Ik

Table 7. Predicted and observed values of the response variables
at a given condition within the range of optimum extraction
conditions

Response variables Predicted value Experimental value”

Yield (%) 15.18 16.18
Total phenolics (mg/100 g) 189.27 175.57
a-glucosidase inhibition rate (%) 77.44 79.17
ACE inhibition rate (%) 85.24 81.60

"Calculated using the predicted equations for response variables. Given optimal condition
of independent variables : extraction temperature 15°C, extraction time 5 hr, ethanol
concentration 50%.

"Mean values of triplicates determinations
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