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ABSTRACT 

Phlorotannin is a bioactive secondary metabolite from the brown algae. In this paper, 
phlorotannin and antioxidant activities from the ethanol extracts of Sargassum seratum collected in 
January 2011 in Nha Trang bay, Viet Nam were studied to optimize extraction process through Box-
Behnken design. The experiment was optimized by Nemrodw software. Antioxidant activities, such as, 
total antioxidant, reducing power, DPPH free radical scavenging were studied. Research factors 
include extraction temperature range, X1 (24-60oC), extraction time, X2 (12-16 hours) and solvent-to-
material ratio, X3 (15-5- v/w). The results showed that optimization values such as phlorotannin 
content (Y1), total antioxidant activity (Y2) and reducing power activity (Y3) corresponded to 6.13 mg, 
15.9 mg acid ascorbic and 46.6 mg FeSO4/ 1g dry material (DM), respectively and the optimal 
conditions were 43°C, 33 hour and 27:1 (v/w). Some chemical components in the optimal extract also 
were qualiatively evaluated such as fats, flavonoid, alkaloid, terpenoid and oil. 
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TÓM TẮT 

Phlorotannin là hợp chất chuyển hóa thứ cấp giàu hoạt tính sinh học trong rong nâu. Bài báo 
này đã sử dụng mô hình Box-Behnken để thiết kế thí nghiệm tối ưu hóa công đoạn chiết phlorotannin 
và hoạt tính chống oxy hóa của rong nâu Sargassum seratum, rong được thu vào tháng 1/2011 ở vịnh 
Nha Trang, Việt Nam, dung môi chiết là ethanol. Tối ưu hóa thí nghiệm bằng phần mềm Nemrodw. 
Những hoạt tính chống oxy hóa đã được nghiên cứu như: chống oxy hóa tổng, khử Fe, bắt gốc tự do 
DPPH. Vùng điều kiện nghiên cứu là nhiệt độ chiết (X1) 24-60°C, thời gian chiết (X2) 16 - 42h và tỷ lệ 
dung môi: nguyên liệu (X3) 10-50 (v/w). Kết quả cho thấy các giá trị tối ưu như hàm lượng 
phlorotannin (Y1), hoạt tính chống oxy hóa tổng (Y2) và hoạt tính khử Fe (Y3) tương ứng với 6,13mg, 
15,9 mg acid ascorbic và 46,6 mg FeSO4/ 1g rong khô (DM). Điều kiện tối ưu cho các hàm mục tiêu là 
43°C, 33h và 27:1 (v/w). Một số thành phần hóa học trong dịch chiết tối ưu cũng đã được định tính 
như chất béo, flavonoid, alkaloid, terpenoid và tinh dầu. 

Từ khóa: Antioxidant, Box-Behnken, brown algae, phlorotannin 
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1. INTRODUTION 

Phlorotannin is one of the polyphenolic 
compounds in brown algae. The molecular 
weights of phlorotannins are most found in 
the 10 to 100 kDa range (Riitta Koivikko, 
2008), and derived from phloroglucinol 
monomes (Wei and Xu, 2003; Yan, 1996; 
Yan, 1997). Phlorotannin was only found in 
brown algae and its content ranges from 20 - 
250 mg/g dry algae (Ragan and Glombitza, 
1986). The initial research about 
phlorotannin has concentrated on 
quantitative analysis, the effect of 
environment conditions on synthesis of 
phlorotannin, such as light, temperature and 
phlorotannin content comparison in the 
different seas in the world (Steinberg, 1989; 
Steinberg, 1992; Swanson and Fahselt, 1997; 
Kuda et al., 2005). 

Antioxidant activity is one of the 
bioactivities researched most of 
phlorotannin, and was shown on some brown 
algae species such as Cystoseira sp. 
(Chkhikvishvili ID and Ranazanov, 2000), 
Fucus sp. (Jiménez-Escrig et al., 2001), 
Ecklonia stolonifera (Kang, 2004), Koivikko, 
2007), Sargassum kjellmanianum (Wei and 
Xu, 2003; Yan, 1996; Yan, 1997) and Eisenia 
bicyclis (Nakamura et al., 1996). Nearly, 
polyphenolic compound was known as non-
toxic antioxidant compound and safe with 
cardiovascular disease prevention ability 
(Marco, 1997). 

However, polyphenol/phlorotannin 
content was affected by many factors, such 
as species, natural condition, and extraction 
condition (Koivikko et al., 2007). Brown 
algae Sargassum seratum is widely 
distributed in Khanh Hoa Beach/Coast as 
well as in South - Central Viet Nam (Bùi 
Minh Lý and Lê Như Hậu, 2010). 

Response surface methodology (RSM) is 
an effective statistical tool for the 
investigation of complex processes. The 
method illustrated successful the response 
surfaces of bioactive elements (flavonoid, 
polyphenol,…) from many types of medicine 
(Đặng Văn Giáp, 2002; Mao et al., 2008; 
Nguyễn Cảnh và Nguyễn Đình Soa, 1985). 
In the research, Box-Behnken experiment 
model was used to optimize antioxidant 
phlorotannin/ polyphenol extraction process. 
Antioxidant activities, such as total 
antioxidant activity, reducing power, DPPH 
free radical scavenging were investigated. 
Research factors were temperature range 
(X1) 24-60°C, time (X2) 16 - 42h and solvent-
to-material ratio (X3) 10-50 (v/w). 

2. MATERIALS AND METHODS 

2.1. Sample collection, classification 
and preservation 

S. seratum was collected in Lo river, 
Nha Trang bay, Khanh Hoa, Viet Nam in 
Junuary 2011. The samples were classified 
after collection, the seaweed was cleaned by 
sea water, dried to 19% moisture and 
preserved at room temperature. 

2.2. Experimental design 
The extraction parameters were 

optimized by RSM method (Gan and Latiff, 
2011). Box-Behnken matrix was used. 
Extraction temperature (X1), extraction time 
(X2) and solvent to material ratio (DM: NL) 
(X3) were the independent variables. 
Research variable regions of 3 independent 
variants were encoded and presented in 
table 1 based on the experiment result of 
single factor. Experiment matrix included 12 
experiments and 3 experiments which were 
repeated in the center of matrix (Table 2). 
The experiments were repeated 3 times and 
the significant values were performed in the 
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observation. The experiments were used to 
decrease the impact of unusual changes in 
the observation. The variants were coded to 
follow the equation: 

x = (Xi - X0)/ ∆X 
wherein, x= code variant, Xi=: true 

variant, X0 = variant in the center 
experiment and ΔX: the difference between 
the maximum absolute value of true variant 
and X0 value. Mathematics equation of the 
Box-Behnken experiment model: 

 

whereby, Y= objective function, β0 = free 
coefficient, βi, βii and βij = linear coefficients, 
and ε = error. The coefficients perform the 
linear or non-linear effects on the variants. 
The demanded objective function (DOF) 

Y1: Polyphenol/phlorotannin content 
(mg/g DW): max 

Y2: Total antioxidant (mg acid ascorbic/ 
g DW): max 

Y3: Power reducing FeSO4 (mg FeSO4/ g 
DW): max 

2.3. Determination of total phlorotannin 
content 

Total phlorotannin content (TPC) was 
determined according to Folin-Ciocalteu 
method as described by Swanson and Druehl 
(2002), phloroglucinol being the standard 

substance. 01 ml Folin-Ciocalteu 10% was 
added to 300 μl extract and the compound 
was kept for 5 minutes. The compound was 
the added with 2 ml Na2CO3 10% mixed and 
kept for 90 minutes in the dark and finally 
the absorbance was measured at 750 nm by 
the UV-Vis Spectrophotometer JenWay 
6400/ 6405. 

2.4. Method of bioactive test 
Total antioxidant activity 

Total antioxidant activity (TA) was 
determined following the method by Prieto 
(1999). 900µl distilled water and 3 ml A 
solvent (H2SO4 0.6 M, sodium phosphate 28 
mM and ammonium Molybdate 4 mM) were 
added to 100µl extract. The compound was 
the kept for 90 minutes at 950C. The 
standard substance is acid ascorbic and the 
absorbance was measure at 695 nm. 

Reducing power activity 

Reducing power activity was determined 
according to the method of Zhu et al. (2002). 
Firstly, 0.5ml phosphate buffer pH = 7.2 was 
added to 500µl extract. Secondly, 0.2 ml 
K3[Fe(CN)6] 1% was added to the compound. 
The compound was kept at 500C for 20 
minutes. Thirdly, 500µl CCl3COOH 10% 
with 300µl distilled water and 80µl FeCl3 
0.1% were added. Finally, the compound was 
measured at 655 nm with the standard 
substance FeSO4. 

Table 1. The conversion between code variant and true variant 

Level of code variant 
Factors 

-1 0 1 

Extraction temperature (0C) 

Extraction time (h) 

Solvent: material score (v/w) 

24 

16 

10 

42 

29 

30 

60 

42 

50 
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Free radical scavenging DPPH 

Free radical scavenging DPPH was 
conducted according to Blois (1958), 200µl, 
400µl, 600µl, 800µl and 1000µl of extract 
was poured into each of test-tube in turn, 
and the 3ml DPPH (25mg/l) was added to 
that compound; the final product was called 
the sample solution. The blank solution 
(blank sample) was similar but DPPH was 
changed by 3ml absolute ethanol. The 
control sample was prepared similar the 
blank sample but the extract was changed 
by DPPH. The compound keeping in the 
dark in the room temperature. After 30 
minutes, the sample solution, the blank 
solution and the control sample were 
measured at 550nm. The percent of free 

radical scavenging was calculated according 
to the follow equation: 

%1001% 


















 


kiemsoat

mautrangmau

A

AA
A  

In here: Amau: the absorbance of the 
sample solution at 550nm 

Akiemsoat: the absorbance of the control 
sample at 550nm 

Amautrang: the absorbance of the blank 
solution at 550nm 

 UV-Vis Spectrophotometer JenWay 
6400/ 6405 machine was used to measure. 

2.5. Data analysis 

Data analysis and response surface 
prediction by Nemrodw (LPRAI, Marseille, 
France) software. 

Table 2. Experiment design according to code variant used Box-behnken method 
and the result 

X1 X2 X3 Y1 Y2 Y3 

-1 -1 0 1.607 1.652 1.575 

1 -1 0 1.292 3.64 6.65 

-1 1 0 1.071 1.666 7.63 

1 1 0 1.607 5.18 10.08 

-1 0 -1 1.512 2.1 11.2 

1 0 -1 1.67 4.97 10.325 

-1 0 1 0.914 1.246 6.02 

1 0 1 2.394 6.3 11.83 

0 -1 -1 2.079 2.772 8.19 

0 1 -1 5.796 15.316 44.835 

0 -1 1 2.142 1.736 3.78 

0 1 1 3.087 5.754 18.41 

0 0 0 6.017 15.4 45.15 

0 0 0 6.08 15.442 45.08 

0 0 0 6.048 15.414 45.01 
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3. RESULT AND DISCUSSION 

Phlorotannin with antioxidant activity 
extraction from brown algae S. seratum was 
optimized through response surface (RSM). 
The optimum condition is extraction time 
33h, extraction temperature 430C and DM: 
NL score 27:1 (v/w). Code variant and true 
variant were performed in the table 1, 
chosen to the objective function optimum. 15 
experiments were designed. Rotation variant 
experiments are from experiments 1 - 12 and 
the center experiments from experiments 13 
- 15 were used to predict error. The result of 
code variant and true variant treatment of 
extracted phlorotannin and antioxidant 
activities from S. seratum was showed in the 
table 2. Phlorotannin content oscillate from 
0.914 to 6.08 mg/g DW, total antioxidant 
activity oscillate from 1.246 - 15.44 mg acid 
ascorbic/g DW, reducing power activity 
vacillate from 1.58 - 45.2 mg FeSO4/ g DW. 
Data analysis of multi-factor regression, 
response variant and testing variant, all of 
them have related each other through a 
polynomial equation of degree 2: 

ANOVA analysis and calculate linear 
equation. Non-linear model with acceptance 
has level of significance (P ≤ 0.05), and the 
statistical effects, showed that relation 
between the variants of surface DOF. and 
experiment variants are non-linear. Balance 
of model was also analysis through ANOVA 
was not the statistical significance (P ≤ 0.05) 
in the model, this thing showed balance of 
data with the model. Exact and full value is 
sign to determine deviation of data. A 
deviation is suitable if it is greater than 4. 
The research has deviation which is greater 
than 4, this thing determined fully and 
showed the statistical significance model for 
extraction processing. Adjusted R2 value 
(>0.7) of equations showed correlation of real 
data with predictive data, so the model is 
suitable. A very small value of distribution 
coefficient showed trust and high prediction 
of experiment values clearly. Response 
surface 3D was performed in picture 1, 2. 
The result showed the effect of DM: NL score 
(X3) and extraction temperature (X1) on 
DOF are larger than the effect of extraction 
time factor (X2) on DOF. 

 

   

Figure 1. Illustration model 3D. (A) The response surface of the objective function Y1; (B) The 
response surface of the objective function Y2; (C) The response surface of the objective function Y3 

A B C 
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To solve regression equation to identify 
optimal value of real variant. Data was 
calculated by Nemrodw software and 
fastening calculation for response surfaces to 
find optimal point, variant value got 
corresponding to Y1= 6.13 mg/g DW, Y2 = 
15,9 mg acid ascorbic/ mg DW, Y3 = 46,6 mg 
FeSO4/ g DW. RSM using, optimal condition 
to extract phlorotannin and antioxidant 
activities by ethanol 80% to be X1 = 43°C, X3 
= 27:1 (v/w) với X2 = 33h. To confirm the 
result, the experiment was repeated 3 times 
at the optimal condition. Phlorotannin value 
is 6.05 ± 0.03 mg/g DW (n = 3), that thing 
showed clear corresponding of experiment 
data with the calculated model, and 
antioxidant activities and phlorotannin 
extraction procedure from brown algae 
Sargassum seratum were optimized. Base on 
experiment and response surface model to 

identify non-linear equation for the objective 
functions Y1, Y2, Y3, respectively as follows, 
in which Z1, Z2, Z3 are true variants: 

Y1 = 6.0483 -0.5700 Z1 +0.2998 Z2 
+0.2158 Z3 -1.0189 Z1² -1.7276 Z2² -3.1796 Z3² 

Y2 = 15.4187 -2.3239 Z1 +1.3235 Z2 
+1.5556 Z3 -3.3985 Z1² -5.5736 Z2² -7.6177 Z3² 

Y3 = 45.0800 +7.1943 Z1 +0.7738 Z2 -
0.6734 Z3 -10.3685 Z1² -15.5051 Z2² -22.4308 
Z3² 

In the optimum point, experiment was 
repeated 3 times with free radical 
scavenging and Y1, Y2, Y3 objective functions 
verification. The result was performed 
clearly in table 3. The result showed 
similarity between the theory with the 
reality is very high with correlation from 
94.3% to 97.5%. 

Table 3. Repeated experiment in the optimum point and result 
X1 (

0C) X2 (h) X3 (v/w) Y1 Y2 Y3 DPPHtb (%) 

43 33 27:1 5.92 15.06 45.27 61.55 

43 33 27:1 5.98 15.11 45.34 64.66 

43 33 27:1 5.96 14.99 45.29 65.75 

DPPH (%) 
X1 (

0C) X2 (h) X3 (v/w) 
0.2 ml 0.4 ml 0.6 ml 0.8 ml 1 ml 

43 33 27:1 34.00 58.60 71.50 80.32 82.11 

43 33 27:1 33.70 57.40 69.90 79.70 82.59 

43 33 27:1 36.00 59.80 70.23 81.40 81.30 

Note: DPPHtb is average DPPH 

Table 4. Some composition analysis of the optimum extract of brown algae S. seratum 
Compound 

group 
Reagent/ performance method Positive reaction 

Result of 
qualitative 

Result of general 
qualitative 

Fatty Drip extract on paper Blur ++ Have 

Oil Evaporate to residue Aromatic + Have 

Terpenoid Liebermann-Burchard 
Brown red - purple, the green 
layer 

+++ Have 

Alkaloid General reagent for alkaloid Precipitation + Have 

Flavonoid Mg/HCl concentrate Solution is pink to red + Have 

(-) None (±) Mistrustfulness (+) less (++) have (+++) more (++++) many 
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Table 3 showed that the optimum value 
of the objective functions as follow 5.95 ± 
0.017 mg phlorotannin/ g DW; 15.05 ± 0.035 
mg acid ascorbic/ g DW and 45,3 ± 0,021 mg 
FeSO4/gDW. The result showed that 
deviation between prediction data and real 
data is very little, demonstrate the suitable 
prediction. At the optimum point, DPPH is 
average of 63.98% ± 1.2%, the thing 
demonstrated that the efficiency of free 
radical scavenging is good. 

Some composition qualitative in the 
optimum extract were also performed. The 
results were showed in the table 4 follow. 

The qualitative result showed that 
flavonoid, terpenoid, alkaloid, fatty and oil 
are to exist in the optimum extract, inside 
terpenoid is more sign. However, terpenoid 
content can not equal or higher phlorotannin 
content. 

4. CONCLUSION 

The optimum condition for phlorotannin 
extraction with antioxidant activity are 
following: 33 (h) at 430C with DM:NL score 
27:1 (v/w). In the optimum condition, total 
phlorotannin 6.13 mg/ g DW, total 
antioxidant is equivalent 15.9 mg acid 
ascorbic/ g DW and reducing power is 
equivalent 46.6 mg FeSO4/ g DW. Ethanol 
80% was used to extract. The average of free 
radical scavenging DPPH is 64%. Flavonoid, 
terpenoid, alkaloid, fatty and oil are to exist 
in the optimum extract. 
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