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Abstract : The purpose of this research was the optimization of Cirsium setidens blanched at
various conditions by response surface methodology. Conducted to investigate the change of
Cirsium setidens DPPH radical scavenging activity, total phenolic compounds and flavonoids during
the blanching processes. With two parameters such as blanching time and temperature, response
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surface methodology and central composite design was used to study the combined effect of
blanching time (70 to 170 seconds) and blanching temperature (70 to 99°C). The changes of DPPH
radical scavenging activity, phenolic compounds, and flavonoids on blanching process conditions
such as temperature and time were evaluated. After blanching, total phenolic compound was

determined from 13.00 to 35.48 mg/ml. total flavonoids was determined from 2.31 to 8.38 mg/ml.

DPPH radical scavenging activity was determined from 42.10 to 67.14 %. The optimum conditions
were determined to be blanching temperature of 85C and blanching time of 150 sec.
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Expert (Couresy: Stat—ease Inc.,Statistics Made
Easy, Minneapolis, USA)E AH&stct. SHH
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150 (+1), 170 (+1.41) & 3} H(Table 1).

2.3. & OjlE sIEE
=7 e A2 gallic acid(Sigma
Aldrich Co., USA)E ZEZFEZZ 3}o] Folin-

Ciocalteu reagent(FCR)¥HAY =®H oz HXM35H]
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2 AZE sk & #Hsdd +42 100 L
ME 8BS 1.5 mL Na,CO; (20 g/100 mL),
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Aldrich  Co., USA)E EFEH=E  35lo
aluminium chloride HJM®-S o]&ste] ZA5HA
tH27], EFEEE2 20, 40, 60, 80, 100 mg/L
= AzxE stk & EetEkol=o el A
F2 0.5 mL ME8H 1.5 mL 95%

ol 09

hesperidin(Sigma
T=a

WGl methanol,
0.1 mL 10% aluminium chloride(Sigma Aldrich
Co., USA), 0.1 mL 1 M NaOH, 2.8 mL DIW
T Ag2ollA 30 min. W& Al7IAL

Table 1. Levels of independent variables such as reaction temperature and time substrate

concentration in central composit design Box—Benken design

. Level
X Independent variables T 1 0 1 141
X; Temperature (C) 70 75 85 95 99
Xo Time (sec.) 70 90 120 150 170
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2.5. DPPH radical scavenging activity
g2d =3

Bloiss[28]1¢] ®ol weh DPPHe| thgh 2t
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27 2% ascorbic acidE ©]-&3lH oW A|met
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[(B—A)/B]Ix 100
AL Alm H7HA O S8k,
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Table 2. Cirsium setidens total phenolic compounds,

R LR

3.1, 2&2 dix|7| £ 33

2Ed) gx719) 14 2A859 Lxet A
7te]  Agwgof  tfste]  Central composit
design o2 AHS AAsSIY dojxl HAFAx
=, & HEsds, E28tHko|E, DPPHE Table
20] ettt 5 wlE el W= 13.00 -
35.48 mg/gelal o A& F a2 35.48
mg/g, ETtELolEx 3RFO M= 231 -
8.38 mg/g ol Hof dF EgfHlolE FF2
8.38 mg/g, DPPH &HZ 2759 Hel=
42.10 - 67.14%°]3 Zd o= DPPH =ttjz
A2A5L 67.14%=2 =7 =k

ARAAIE 0|83t FH4] gt Z4kEAe 4
= TEEHEAY o8 sHE mdo] Hgt
A ARE gElE tETeREY HAEd= v
SHTE HHgole dHHS] 21 &
AL FHo=2 3AH29]. quadratic 37 2E
£ Aik= Table 3o vepliglct =d A
Al4=(determination coefficient) R* Zr2 A3
(observed value)@t <ll&gk(predicted value)¥t
Ao A (correlation) AES HOFEYH & =
eF 0.98, St ol= 0.93, DPPHE 0.97 ©]
g F f&sdse 3.2%, £ ESELolt:E

oo 1o rr Lo

=271 o0

7.8%, DPPHE 3.3% #9jolA Awwz] oyt
= AL HosEth FgZAA(ack of fit) HAE

flavonoids and DPPH radical scavenging

activity (%) of independent variables in centrall composit design

Process  lempertature  Time  Total phenolic compounds Total flavonoids ~DPPH
No. (©) (sec.) (mg/g) (mg/g) (%)
1 75 90 25.20 5.26 62.15
2 95 90 23.49 6.46 50.81
3 75 150 35.48 2.35 57.92
4 95 150 13.00 2.93 54.83
5 70 120 34.00 4.67 56.62
6 99 120 21.00 7.12 42.10
7 85 70 21.25 5.49 62.58
8 85 162 22.06 3.25 67.14
9 85 120 18.00 7.29 62.18
10 85 120 17.04 8.15 61.60
11 85 120 15.07 8.38 60.88
12 85 120 18.50 791 59.63
13 85 120 16.20 7.94 60.98
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Table 3. Analysis of variance(ANOVA) for fitted second-order polynomial model and lack of fit

for Cirsium setidens

Sum of squares

Source DF Total phenolic compounds® Total flavonoids® DPPH*
Model 5 540.53° 49.75 306.33
Residual 7 12.21 391 19.09
Lack of Fit 3 4.60 3.25 15.49
Pure Error 4 7.61 0.66 3.60
Cor Total 12 552.75 53.67 325.43

@ Coefficients of correlation (R?) of total phenolic compounds, flavonoids and DPPH
radical scavenging activity were 0.98, 0.93, 0.97.

b Significant at 5% level.

Table 4. Estimated coefficient for the filled second oder polynomial representing the relationship
between the responses (changes of total phenolic compounds, flavonoids, and DPPH

radical scavenging activity) and process variables (blanching time and temperature)

Coefficient
Total phenolic Total DPPH radical
Factor compounds flavonoids scavenging activity
(mg/g) (mg/g) (%)

Intercept 16.96 7.93 61.05
Linear

Time -5.32 0.65 -4.37

Temperature 0.11 -1.20 0.78
Quadratic

Time 5.19 -1.24 -6.01

Temperature 2.27 -2.00 1.73
Interactions

Time X Temperature -5.19 -0.15 2.06

AAoM= Foido] yehtr] gob 2 Ao
ARG Bdo] e AHRE oF 4~ itk

Table 40lAE 2] FAASE Helie A
o=z F Hedd, Z9ELols, DPPH =tz
&Aool e 27FA] 8]l & 2k, AHE
st IA FFE Te AR Usth
(p€0.05). 2 AE ZAit= 2k, ATl gt 4
F2 12}, 22K, WS (cross product term)of Al
folido] et aQlEe] B EE w5HoZ
FEFE vHS & 5 St olEef digh FH4
2 Table 5°f At

Azl o F HlE FEe] A
A= Fig. 1914 Ho o},
g#]7] &= 75Tt 150 sec. HHS5IHS W &
H= e FHdigrol uEhy, 2= 95T
150 sec. BESSIES We £ dle g9 Hax
Zrol uEhgth & 70C- 85T7HA] A A3]
A5zt 90 sec. o] %ol F75] Al&shE
AIE HoAAFQh AR 2E9t= tE2A 70
- 162 sec. 742 FES| STV 2 HoS
At gtAe Kim S[30]2 Efe] dix]7] A=
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Table 5. Polynomial equations calculated by response surface program

R LR

Responses Second oder polynomial equations R’
. Y= 16.96-5.32.X+0.11.X+5.19X,+2.27
Total phenolic compounds (mg/g) 519X, 0.98
. Y= 7.93+0.65X-1.20X-1.24 X"~
Total flavonoids (mg/g) X7-0.15X. 0.93
Y= 61.05-4.37.X+0.78X6.01.X/+1.73 0.97

DPPH radical scavenging activity (%)

X22+2.06X]X2

X;: Temperature (C) and X Time (sec.)
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Fig. 1. Contour and 3D plots of response surface.
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Effect of blanching conditions of

temperature (C) and blanching time (sec.) on total phenolic compounds

containing in Cirsium setidens.
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Fig. 2. Contour and 3D plots of response surface.
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Effect of blanching conditions of

temperature (C) and blanching time (sec.) on total flavonolic compounds

containing in Cirsium setidens.
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Fig. 3. Contour and 3D plots of response surface. Effect of blanching conditions of
temperature (‘C) and blanching time (sec.) on DPPH compounds containing

in Cirsium setidens.
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Fig. 4. Perturbation plots of response surface. Effect of blanching conditions of temperature

(C) and blanching time (sec.) on Cirsium setidens. A, B, and C represent total

phenolic compounds, flavonoids, and DPPH radical scavenging activity, respectively.
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