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: Milford ; Heidolph
; : Labconco ;
2 EBT%E
2.1 BERFREBEEHETLAR
2.1.1
50 mmol/L pH 7.0 10 mL
1%(W1V) , 2 mL 40C
1~9 h,
2.1.2
50 mmol/L pH 7.0 10 mL
1%(W1V) , )
40°C 4.0 h,
2.1.3
50 mmol/L pH 7.0 0

02% 0.4% 0.6% 0.8% 1.0% 1.2% 1.4% 1.6%
1.8%  2.0%(W/V) ,

2.2 DNS#METZLEBRELSE

2.2.1
10 mg
100 mL 0.1 02 03 04 05 0.6
0.7 0.8 0.9 1.0mL s
1 mL, 1 mL DNS, 3 min,
10 mL, 520 nm 1 mL
(mg), ,
2.2.2
1 mL R
2.3 CF-BRBUAM T EHESE
2.3.1
20 mg 50 mL,
0 0.05 0.1 0.15 0.2 025 0.3 0.35
0.4 mL R 1 mL,
S5mL 0.025 mol/L H,SOy-
, 25 min,
0.2 mL 0.1% - , ,
15 min, , 520 nm
, (mg),

) H@ART/CLE

2.3.2
1 mL s

>

2.4 KB LGTFHRLE

e K
IR GTE = ETTR
25 BKAETREBREFEGS R &
10 000 r/min 5 min
, 60%(V/V), 4°C ,
) A
) 10 kDa
3 kDa ,
10 kDa (D) 3kDa
(C) 3kDa (B)
26 THHTRENM
(HPGPC)

Shodex Ohpak SB-803HQ
(8.0 mmx300 mm), 0.1 mol/L Na,SO,,
0.5 mL/min, ,
Chemstation GPC

2.7 BEEBREACHEE R Z
2.7.1 DPPH
0.04 g/L DPPH

2 mL 2 4 6 8gl)
, DPPH ,
30 min, 5000 r/min 10 min 517 nm
C(VO)
DPPH
DPPHii§ i3 = A=) 000,
A,
Ag— DPPH ;
A— DPPH ;
Ar—
2.7.2 (-OH)
1 mL 9 mmol/L FeSO, 9 mmol/L
- S 1 mL
246 8gl) 1 mL 8.8 mmol/L
H,0,, 37°C 30 min, , 510 nm
vC
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RID1 A, Refractive Index Signal (XINMENG\15052820.D)
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Fig. 5 High-performance gel chromatogram profiles of alginate oligosaccharides
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Tab. 1 Average molecular weights, degrees of polymerization, 2.50 g/L DPPH 40.40%
and yields of alginate oligosaccharides ’ ’
R DPPH
(kDa) (%) 03]

A 0.84 4.80 50.82 ?

B 1.40 8.00 5.15 3.3.2

C 2.25 12.80 11.48

D 34.56 196.25 12.00 >

[23] 3
s A DPPH 4
A DPPH , 4
6 g/l |, R 78.65% A
DPPH ICs, 0.79 g/L Liu % , 4
. S N brpuRid
60% L i E{ﬁ%;b ki (/%(?JJ::I{E%
oo | BCETE | 10kDa = 3kDa SIB
ikt 4 ULIE LR HIERE [ (15-3 kDa)
N AW 5T
Yok P Yol T i)
A 414D ilive
(<1.5 kDa) (>10 kDa) (3-10 kDa)
6

Fig. 6 Process chart of alginate oligosaccharides
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%2 K45 H DPPH BRIEM
Tab. 2 Scavenging effects of alginate oligosaccharides on DPPH

) H@ART/CLE

DPPH (%)
(g/L)
A B C D vC
0.2 12.91+0.23 2.9140.43 2.71+0.09 3.88+0.98 1.2340.14 50.71+1.19
0.4 21.79+2.89 3.79+0.39 3.86+0.12 4.01+1.23 3.45+0.77 77.86+2.90
0.6 34.56+0.79 4.56+0.56 4.23+0.21 5.33x1.43 4.56+1.68 88.00+0.97
0.8 53.23+1.33 5.23+0.64 5.17+0.53 6.10+1.89 5.67+0.98 98.28+3.00
1.0 65.86+1.02 7.86+0.25 8.09+0.81 9.43+1.54 6.78+0.54 98.28+1.90
2.0 68.09+0.91 14.44+0.49 12.10+0.29 13.60+2.43 11.56+1.04 98.28+0.79
4.0 75.17+1.02 14.50+1.02 12.53+0.35 15.34+0.56 13.66+1.09 98.28+3.78
6.0 77.7240.90 15.44+0.80 13.97+0.30 23.72+2.98 18.49+2.00 100.00+2.84
8.0 78.88+1.12 16.44+0.83 15.97£0.19 24.71£0.79 19.49+0.44 100.00+1.99
R3 BEBEENZAREMBERENE
Tab.3 Scavenging effects of alginate oligosaccharides on -OH
(L) &
A B C D vC
0.2 7.57+0.04 6.57+1.46 3.57+1.01 2.55+0.09 1.23+0.29 58.88+0.98
0.4 30.39+0.89 20.29+0.74 10.29+0.55 6.29+1.14 13.45+0.37 70.7140.85
0.6 73.85+1.99 53.84+0.80 33.85+0.99 23.67+0.57 14.56+0.83 93.35+2.07
0.8 77.86+0.84 60.86+2.11 40.86+0.09 35.67+0.78 25.67£1.26 98.87+0.96
1.0 84.56+0.90 75.56+2.39 56.56+2.01 43.9740.91 36.78+1.28 100.00+2.89
2.0 98.54+0.63 88.12+1.05 67.81+3.05 57.99+1.06 47.22+40.33 99.37+0.37
4.0 98.56+0.29 95.92+0.49 88.42+0.89 86.26+2.09 77.98+2.49 100.00+0.77
6.0 100.00£2.01 99.00+1.91 88.64+2.33 90.31+1.48 80.94+0.94 100.00+1.40
8.0 100.00+0.37 100.00+0.62 92.64+2.07 95.31+0.59 82.91+1.96 100.00£1.02
, , DPPH
A 2¢g/L vC
., ICso 050 g/L e . 4
, 8 kDa DPPH )
1.20g/L 75% , A
, A 75%
0.59 g/L ,
’ [24] [26-28]
[25]’ ’ , 4 - i’%
3.33 60%
4 , 4 4
, A HPGPC 4 ,
0.84 1.40 225 34.56 kDa,
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R4 BERBEOLEEREN
Tab.4 Reducing power of alginate oligosaccharides
(/L) (OD7004m)
A B C D VC
2.0 0.10 0.04 0.05 0.05 0.04 1.06
4.0 0.17 0.06 0.06 0.05 0.05 1.08
6.0 0.19 0.10 0.06 0.08 0.07 1.06
8.0 0.23 0.10 0.07 0.09 0.17 1.06
2.25 kDa 138-142.
67.45%, , Wu Yanyan, Zhang Wan, Li Laihao, et al. The research
[29] progress of antioxidant and moisturizing active sub-
stance in seaweed[J]. Marine Sciences, 2015, 39(9):
4 » 4 138-142.
DPPH , [7] , , ,
, A DPPH [J1. ,
, ICs, 0.79 g/L , 2013, 37(12): 34-39.
A 2 Liu Xu, Qu Guiyan, Zhou Yibin, et al. Ultrasound as-
sisted extraction and in vitro antioxidant activity analy-
g/l A 0.8 g/l VC sis of fucoidans from Ascophyllum mackaii and Lami-
4 A naria japonica residue[J]. Marine Sciences, 2013,
) 37(12): 34-39.
, [8] , , .
NO [J1.
, 2014, 38(10): 1-5.
Wang Xuemei, Wang Jing, Zhang Quanbin. Effect of
fucoidan on NO production induced by LPS in rat
[1] Iwamoto M, Kurachi M, Nakashima T, et al. Struc- glomerular mesangial cells[J]. Marine Sciences, 2014,
ture-activity relationship of alginate oligosaccharides in 38(10): 1-5.
the induction of cytokine production from RAW264.7 9] (Lepidium meyenii Walp.)
cells[J]. Febs Letters, 2005, 579(20): 4423-4429 [D]. : ’
[2] Thiang Y W, Lori A P, Neal L S. Alginate lyase: Review 2013 1-112.
of major sources and enzyme characteristic, struc- Gan Jin. Study on antioxidant activities and antioxida-
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Efficient preparation of alginate oligosaccharides by enzymatic
hydrolysis and evaluation of antioxidant activities in vitro

ZHANG Ming-jie, LI Heng, JIANG Min, HAO Yao, XU Zheng-hong, SHI Jin-song

(School of Pharmaceutical Science, Jiangnan University, Wuxi 214122, China)
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Abstract: Alginate oligosaccharides are characterized by various biological activities. In this study, we developed a
technique for the efficient preparation of alginate oligosaccharides by optimizing the process conditions for enzy-
matic hydrolysis and separation. We evaluated the antioxidant activities of the obtained alginate hydrolysates in
vitro. We found the optimized conditions for alginate oligosaccharides preparation to be as follows: a substrate
concentration of 1.2%, a ratio of enzyme to substrate dosage of 4.35 U'mg ', and a hydrolysis time of 4 h. Through
successive processes of ethanol precipitation and ultrafiltration, we obtained four constituents with average mo-
lecular weights of 0.84, 1.40, 2.25, and 34.56 kDa, respectively. The yields of these four constituents were 50.82%,
5.15%, 11.48%, and 12.00%, respectively. Our in vitro antioxidation study results show that the constituent A (Mw
0.84 kDa) demonstrated the most significant antioxidant activity and the hydroxyl radical scavenging ability was

similar to that of vitamin C.
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