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Optimization of Extraction Process to Increase Antioxidant

Effect of Sargassum serratifolium

Seong Hee Kim
Department of Food Science and Technology, Pukyong National University,

Busan 48513, Korea

Abstract

Sargassum serratifolium has been known to contain a high level of
meroterpenoids as antioxidatnt components. The optimal condition of
extraction temperature and time was obtained for the maximum
extraction of yield, antioxidant activity and phenolic content from
Sargassum serratifolium by using response surface methodology (RSM).
Independent variables include extraction temperature (30~707C) and
time (12~36 hr), dependent variables include yield, DPPH radical—
scavenging activity and total phenolic content. The extraction
temperature and time significantly influenced the yield, DPPH radical—
scavenging activity and total phenolic content. As the extraction
temperature and time increased, yield increased, but DPPH radical—
scavenging activity and total phenolic content decreased. The optimal
condition obtained by RSM is 54T extraction temperature, 7 hr
extraction time. In this condition, the yield was 8.2%, DPPH radical—
scavenging activity was 60% and total phenolic content was predicted to
be 163 mg GAE/g. These results of this study suggest useful information
in the manufacturing process for developing Sargassum serratifolium

extract as food and cosmetic ingredients.
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Fig 1. A picture of Sargassum serratifolium
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1. AgA=

ol

A&o) AbgH FY AN (Sargassum serratifolium) < FAF Q1 &<t

A AT e FUstdth TYR w4 G Aol AHstn

dF Axd 5 #A st —20%00A sAA skl AFE-SFIH

FUEARE 259 E2es 5 SiE SYEARLEY A

o
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[§)

o
a

A% Lim 5(2019) 9] A7relld Bad d3E vfgo® o
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s FEE

2 ARGSth FHEARE AJR 20ge] F= &9 200mLE 7hete] X

Y 243 (BS—11, Lab companion, Korea) 914 & e m& A3t
W 25 fFAste] FEEAT. FE0] Fd F o 3A (Qualitative filter

paper, HM, Korea)E ©o]&3to] oyttt oA JHdFTe-&5=7]

(Laborota 4000, Heidolph, German) & ©|&3}o] a5 d& & =g}



Yield(%) = weight of extract 100
)= itial weight of dry sample

FUREAEY] &, dAsts, 5 ZEds &% HH3E fste] wb
SEHTAHS AT AP A= F 7R Y 5 H WS (Independent
variables) 2 FE=2%(X,, T)¢ FE=A1F Xy, hr) S AR A4

AX (central composite design) = ©]8-3ko] A A5FSItH(Table 1). 271 9]

_4

Akl 379 FEoE o]Fojd FATAHEAANeRE A 2%, FA
(e=1.414) 47h¢} THHel 572 F 13W9 ddew AASG
(Table 2). 7+ SHwso W 9 44 32 o4 49 245 s e
2 sttt £4H5 (dependent variables) = 48 (Y,, g), DPPH =}
Uz 25 (Yo, %)% § E2=d% (Y3, mg GAE/mL) 0.2 dH 33l C

w38 w2 Zgeto] 7 WEgkS A7 LA ALgaint



Table 1. Independent variables and their coded and actual values used for

optimization of extraction condition from Sargassum serratifolium

Range and levels

Independent variables  Symbol

—1414 = -1 0 +1 +1.414
Extracyicly X1 29 30 50 70 78
temperature (TC)
Extraction time (hr) X» 7 12 24 36 11




Table 2. Experimental order of central composite design used for response
surface methodology with two independent variables from Sargassum
serratifolium

Independent variables

Run No. Coded values Uncoded values

X1 Xo X1 Xo

1 5l =1 30 12

Factorial 2 1 —1 70 12

portions 3 —4! 1 30 36

4 1 1 70 36

5 —1.414 0 22 24

Axial 6 1.414 0 78 24

portions 7 0 —1.414 50 7

8 0 1.414 50 41

9 0 0 50 24

10 0 0 50 24

Center 11 0 0 50 24
points

12 0 0 50 24

13 0 0 50 24

X1: Extraction temperature (C), Xo: Extraction time (hr)

10



2.3. DPPH #HZ &A% 573

DPPH &}tz £~ 4% (DPPH radical scavenging activity)< Blois &

o

(1958) 9] WHe <t st S8 =0 ¥ 5% F5&

"

Img/mL $E=Z &uje] 3|Aste] A5z AREsIGlem, 72t Als &9
2mLe] 0.2mM DPPH €9 2mLZE 713t & ¢kalo A 3087t vk-S-A] 7 Th.
Control® A& Al & & Ab&ste] sdd WMoz REEAZth REE
Mg F3F XA (UV1800, Shimadzu, Tokyo, Japan)E ©]&3}o
517nmelx FREE SAsRoH, b5 AAA e we @od 27w
(%) & AAFsteiTh

Asq; of control — Asq; of sample

Scavenging activity(%) = A — x 100
517

BAHE FE 52 & HE % (Total phenolic contents; TPC)2 Folin#}
Denis(1912) & Wdsto] ZAHsAH. 4 AE55s lmg/ml &%
Erjel =1 th&, AEED 100wl FFF 900uE  7hste]  total
volumne] 1mL7} HEE 33Xttt 7)o Folin—Ciocalteu reagent

100pts 7Fs § Ao 487 HASGITE ©o]F 7.5% NaxCOz&9
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200uE FVstel ERSL, FRE T00uF Fhehi AN 1Az

HES Al Z T vk A7l 3 B33 = A (UV1800, Shimadzu, Tokyo,

Abgstel wE AFAdE APsdth §ER gallic acid ®EES

o

Azt Fds o r A ¥ 2F ARAS A mg gallic

acid equivalent per mL (mg GAE/mL) & YEFHSA T}

2.5. Holg £4 8 FEx7 HH3}

Z7 24 42 2g]+= Minitab 17 software (Minitab Inc., State College,

Pa, USA) & AH&-&F3lt.
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+
-
=
>
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-
=
"><
+
N
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=
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:><

3k wkS X e}l FIAEE Maple software (Version 7,
Waterloo Maple Inc., Waterloo, Ontario, Canada) & ©| &3t YehA
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22 g Ae HAFEAS 3] gt gAgoewr HAAHR
(stationary point) S E3slo] wrsxH R do] HUd, HA24, <hdd 42

A X E #GEE Tt 21 & Minitab softwares AFgste] HA F

& 212 ST, AZE AAFEANN A LFL B9 IS

o JFEE AFAAL. 5 ASY AN FERANA AA FF L 29
& Fastel dZH W@y 4Por A M@ WadA AZ@
3 ARG Aole 2B FA FHEES AFsHAG

10.0, 25.0, 50.0, 100.0 pg/mLe] =5z 3A3 & T3 HPLC A%

SCRIERE TS

13



Sargachromanol

Fig 2. Chemical structure of sargahydroquinoic acid, sargaquinoic acid and
sargachromanol
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Table 3. HPLC conditions of determination of Sargahydroquinoic acid,

Sargaquinoic aci d, Sargachromanol

Parameters Operation conditions

Phenomenex Luna RP—18(2)
(150%x3.0mm, 3 zm)

Column

A: 0.1 formic acid in methanol

Mobile phase B: 0.1 formic acid in water

Flow rate 0.34 mL/min
Pump Shimadzu LC—=6AD

Photodiode array detector

LRreator (Shimadzu SPD—M20A)
Autosampler SIL—20A
Injection volumn 100 0

15



2.8. 34 &9 #49 5%

i

FE=9Y &99¥ 2 Oyaizu (1986) 9 WS WAt SAs AT F5=
= Img/mLe 5% &uo] 3Xsto] ARz ARES o™, A5 0.5mL
o] 0.2M sodium phosphate buffer (pH6.6) 2.5mLE 7} $ potassium
ferricyanide €9 2.5mLE #7}slal 50TCeoA 2087F HF-8A AT HE-&
A7l % 10% trichloroacetic acid (TCA) €< 2.5mLE H7FsH v 4
e A5 2mLel %54 2mL9 0.1% iron(I) chloride £ <Y
0.4mLE 7}8te] £33 & 2 4.4mLE 7181l 33354 (UV1800,
Shimadzu, Tokyo, Japan) & °]&3to] 700nmelA FFEE S 3k3

ZT 0 2+ ascorbic acidE AFEstsiord, 5 oo AAHY

upet AAbskolt.

Reducing power(Abs) = A,y, of sample — A,y of control

FE==9 53483 Shimada 5(1992)9 WHle wet ZA3AT)
A® 0.2mLel %2+ 0.74mLE 7}t &3 & 2mM FeCl, £
0.02mL ¢} ferrozine € 0.04mLE FH7}ste] A2oA 20587F HE-&A]

ATk WEE A7l 3 B33 ¢ A (UV1800, Shimadzu, Tokyo, Japan)Z ©]
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et ARk s

Asgo of control — Asg, of sample
Chelati t(%) = x 100
elating effect(%) Asgo of control

2.10. TAA=

e AYE 33 vHESt] Hphy xeHAE YERY T A EE 99
ZEAA 8= SAS 9.4 (SAS Institute Inc., Cary, USA) T Z13S Alg3s}

ATt
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Table 4. Experimental data of extraction yield for optimization of extraction
condition from Sargassum serratifolium

Extraction Extraction time .
Standard order tempereolture (Xo, hr) Yield" (%)
Xy, ©)
1 30 12 5.2 £ 0.7
2 70 12 9.8 £ 0.1
3 30 36 6.8 £ 0.1
4 70 36 11.9 £ 0.3
5 22 24 54 £ 0.1
6 78 24 11.6 £ 0.1
7 50 7 8.2 £ 0.0
8 50 41 10 £ 0.1
9 bQ 24 8.9 £ 0.1
10 50 24 8.7 £0.2
11 50 24 9.3 £ 0.1
12 50 24 9.2 £ 0.1
13 50 24 9.2 £0.2

*Mean+SD (n=2)
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Table 5. Analysis

of variance for extraction vyield from Sargassum

serratifolium
Sources DF SS MS F—value p—value
Regression 5 48.5485 9.7097 84.08 0.000
Linear 2 47.5099 23.7549 205.70 0.000
X1 1 42.6340 42.6340 369.18 0.000
Xz 1 4.8759 4.8759 42.22 0.000
Square 2 0.9762 0.4881 4.23 0.063
X3*Xq 1 0.9717 0.9717 8.41 0.023
Xo#Xo 1 0.0378 0.0378 083 0.585
Interaction 1 0.0625 0.0625 0.54 0.486
Residual
Lack of fit 0.5564 0.1855 2.94 0.162
Pure error 4 0.2520 0.0630
Total 12 49.3569
Fitnes?RoZI; model 0.984

20



Extraction temperature Extraction time

R A B

LR

Extractiontermperature

-y
.
-
R

'—..-T-.
1

P —

| |
rl|||!|lr:'r1! lrllrI
- =) 3 1] .o |

Extractiontime

Fig 3. Response surface plot and contour plot showing the effects of
extraction temperature (X1) and time (X2) on extraction yield(Y1)
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2. DPPH &z AA%F

DPPH 2tz 275 F4& w23 1dsi Age 43t a345 5
A Qo] AEolv AF 5 HgE FE220] wol ARl gl WY
olth. DPPH= atsh =4l ofs] nriAos ghesof wepao]

MOR do} A=Hl, oledt MAE mAIete] Az itk FS

A%t} (Wisanu %, 2009). ¥ 23 zHdo| wE DPPH #dZ AAS

Flo

Table 6°] UERSIH. APxH T FE25% 70°CAA 3643t &3t
L AL 297%% 7FF 22 DPPH &Sy A2ASS Yehdlon, ==
=5 30°ColA 12X FEdt= 4o Hulatel 62.1%5 7= Ao

ZE=A7F(y) ol W3 DPPH #dZ &A%

&9l 27 oA o eyt

Y, = 53.080 — 10.448x — 4.900y — 4.646x2 + 0.704y? — 3.825xy

2 2F trkg 2o ot s AR BAHEA] A3k Table 7 o Ve
R? kS 0.983 & e o, 2 2 thaAgALe p<0.05 oA G935z,
2 2 g Aol gkggk olSel Adsitta Ak skl DPPH 2t 2

AAGe Wt 3 WS EH I e} TIAEE Fig 4 o YER At
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Table 6. Experimental data on DPPH radical—scavenging activities for
optimum extraction condition from Sargassum serratifolium

. DPPH radical

Extraction . . .
Extraction time scavenging

Run No. temperature L

X, ©) (Xs, hr) activity

; (Yo, %)
1 30 12 62.1 + 0.7
2 70 12 46.2 + 5.6
3 30 36 60.9 + 0.6
4 70 36 29.7 + 6.2
5 22 24 56.1 + 1.2
6 78 24 30.3 + 9.3
7 50 7 615 + 2.1
8 50 41 46.3 + 8.6
9 50 24 53.3 + 1.4
10 50 24 51.9 + 04
11 50 24 544 + 0.5
12 50 24 53.3 £+ 2.1
13 50 24 525 + 2.2

*Mean+SD (n=2)
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Table 7. Analysis of variance for DPPH radical—scavenging activities from
Sargassum serratifolium

Sources DF SS MS F—value p—value
Regression 5 1286.22 257.244 81.07 0.000
Linear 2 1065.38 532.692 167.88 0.000
X1 1 873.34 873.34 2. %5 0.000
Xz 1 192.04 192.04 60.52 0.000
Square 2 162.32 81.158 25.58 0.001
X#X1 1 150.17 150.175 47.33 0.000
Xo#Xo 1 3.45 3.445 1.09 0.332
Interaction 1 58.52 58.522 18.44 0.004
Residual
Lack of fit 3 18.64 6.214 6.97 0.046
Pure error 4 3.57 0.892

Total 12 1308.43

Fitness of model

(R2) 0.983
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Fig 4. Response surface plot and contour plot showing the effects of
extraction temperature(X;) and time(Xg) on DPPH radical—scavenging
activities (Yg)
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1 E Ao
A=l

phlorotannins

Aol A
o de A St (Yende

2013). #H+
SCM),
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=
[e)
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78°Coll A 24 At F=ZE35k= A9l 105.3 mg GAE/mL
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3. & = ¥
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Table 8. Experimental data of total phenolic contents for optimum extraction
condition from Sargassum serratifolium

Extraction . . Total phenolic
Run No. temperature Extr(e;;:2t1(;lr;)t1me contents’
X1, ©) ’ (Ys, mg GAE/mL)

1 30 12 161.7 £ 12
2 70 12 118.3 + 4.5
3 30 36 132.6 £ 7.8
4 70 36 108.2 + 3.3
5 22 24 163.1 £ 13
6 78 24 105.3 £ 5.7
7 50 7 182.6 + 6.1
8 50 41 119.8 + 3.4
9 50 24 1279 + 2.2
10 50 24 1231 £ 2.1
11 50 24 1256.2 + 4.3
12 50 24 126.3 £ 1.9
13 50 24 125.8 £ 1.8

*Mean+SD (n=2)
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Table 9. Analysis of variance for total phenolic contents from Sargassum

serratifolium
Sources DF SS MS F—value p—value
Regression 5 ShalE22 1116.24 11.90 0.003
Linear 2 4843.74 2421.87 25.82 0.001
X1 1 2795.333 2795.33 29.80 0.001
Xz 1 2048.40 2048.40 21.84 0.002
Square 2 647.23 323.61 3.45 0.091
Xy*Xy 1 9.12 9.12 0.10 0.764
Xo#Xo 1 647.14 647.14 6,90 0.034
Interaction 1 00, 248 90.25 0.96 0.359
Residual
Lack of fit 3 644.47 214.82 70.36 0.001
Pure error 12.21 3.05
Total 12 6237.90
Fitnes?RoZI; model 0.895
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Extraction temperature Extraction time

Extraction temperature

Extraction time

Fig 5. Response surface plot and contour plot showing the effects of
extraction temperature (X1) and time(Xs) on total phenolic contents (Y3)
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Table 10. Optimum conditions and comparison of predicted and observed

values for verification

Optimum extract

condition Relative
Responses . Predicted  Observed® error
Temperature  Time (%)
(C) (hr)
Yield 78 41 12.8 125 + 0.1 2.3
(%)
DPPH 39 7 62.8 66.1 £ 3.3 5.3
(%)
TPC 22 7 205.8 212.6 + 8.7 3.3

(mg GAE/mL)

aMean+SD (n=2)
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Table 11. Conditions to optimize 3 response variables such as yield, DPPH
radical—scavenging activity, Total phenolic content

X4 X2
Extraction temperature (C) Extraction time (hr)
Coded value Actual value Coded value Actual value
0.185 53.7 —1.414 7
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Table 12. Experimental and predicted results of verification under the

optimized condition

Y Yo Y3
Yield DPPH TPC
(%) (%) (mg GAE/mL)
Predicted values 8.2 60.3 162.9
Experimental values 8.6 £ 0.1 63.1 + 2.5 175.3 + 9.3
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o] EM3Itt. HAxHNA FEF FY ZAE FEE A A A2
°f ¥k Table 13 o Yeider. FY EANES] A 7HA] &S
SHQA 50.41 mg/100g, SCM 3.28 mg/100g, SQA 9.69 mg/100g &% A
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2= 9lelt}(Table 14). atA 9k ) %<l ascorbic acid Rt} &

37



Table 13. Identification and quantification of three major antioxidants from
Sargassum serratifolium in the optimum condition

(Unit: mg/100g)

Sargahzigsqumow Sargachromanol = Sargaquinoic acid Total amount
50.41 3.28 9.69 63.39
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Table 14. Reducing power of Sargassum serratifolium extracts

0.5mg/mL 1mg/mL
S. serratifolium 0.18 + 0.00 0.39 + 0.00
Ascorbic acid 0.82 + 0.03 1.78 + 0.05

"Mean+SD (n=3)
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Table 15. Chelating activity of Sargassum serratifolium extracts

0.5mg/mL 1mg/mL
S. serratifolium 2.1 + 0.36 11.03 + 0.89
EDTA 99.5 + 0.30 100.0 + 0.00

"Mean+SD (n=3)
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