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Optimization of Extraction Process and Analysis of Monosaccharide
Composition of -1,3-xylan from Caulerpa lentillifera
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Abstract: This study screened several common economic algae to optimize the extraction process of f-1,3-xylan and
analyze its monosaccharide composition. The extraction process of crude xylan was optimized by alkaline extraction
method, and the monosaccharide composition of crude xylan was identified by a specific enzymatic method using Caulerpa
lentillifera as the main raw material. The effect of extraction time, solid-liquid ratio and NaOH concentration on the yield of
crude xylan was optimized with a single factor tests followed by three-three level orthogonal experiment to study the
optimal extraction conditions of crude xylan. The results showed that the extraction rate of crude xylan was influenced by
the following factors: Extraction time>material-to-liquid ratio>NaOH concentration. The optimum extraction process was:

Extraction time of 3 h, NaOH concentration of 2.5 mol-L™', feed-to-liquid ratio of 1:100 g-mL™", and the yield of crude
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xylan was 28.1%+0.6%. The enzymatic products were determined by thin-layer chromatography, which showed that the

crude xylan extracted from Caulerpa lentillifera was f-1,3-xylan and the monosaccharide fraction was f-1,3-xylose.

Key words: algael; Caulerpa lentillifera; -1,3-xylan; alkali extraction; extraction process; f-1,3-xylanase (Xyl13088)
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LL3Z (Porphyra) . FW VK5 (Durvillaea antarctica) .
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Fig.1 Extraction process flow chart
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M 1.2.2 BrEBmEaemE, Bkt 1:40 gomL ', #EHL
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o, BEDUE IR T, THRRAR SRS %

1.2.3.2  $RHET [a] MR RBES SR 0052 AR
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2 2.5 mol-L ™' NaOH 7KW A $2 B, A vkia 44
TArBIERE 1. 1.5, 2. 3 F1 5 h, Fi£: NaClO, il 4,
B R, TR SR S5

1.2.3.3 B L XM AR TR B = m i sz 25 PR [E]
1.2.2 BRFEAE ARG, IH)E A 2.5 mol-L™' NaOH
IR N PR BRI, BEHL 1:20, 1:40, 1:60, 1:80,
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Table 1 Orthogonal experiment of crude xylan extraction from
Caulerpa lentillifera
K LA . B o
NaOHV& B (mol-' L) $2HUNEI(h)  BHELL(g'mL™)
1 2 2 1:60
2 2.5 3 1:80
3 3 5 1:100
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FH 2 N G MER A E S ISR T Xyl13088 5L
FE3, M5 T pET-His-Xyl3088-SpyTag % ik 44,
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0.2 mL 0.1 g-mL ™" &'~ & 8 R WA 250 L H
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WHFEST /KA, 76 70 °C S E 2 h F1 12 h 5435 B>
FARZENEIS RSO, WA 1 mol-L7' [ NaOH i
AT A pH=7.0, /5K )2 EAT O bR fL Al
FHE, B RIS MIFER) 2 E SRR T T, BT
PERIANTE], 8ok I FIAS W LT, PR B ak e
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Fig.2  Yield of crude xylan in different algae
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BE 80 °C, B LA 1:30 grmL ™' BYSAE T X253
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ST AR 7 il By i G5 RO 7 A L, Bk iy

AR e i, FLA S A R e R SRS %
W6 T H L U i s, W BRI 25 4 R e A S ok

2, T 2058

2.2 BFERSEER

2.2.1 NaOH XA RIS R FERNE
bt 1:40 gmL ", $2HE A2 1.5 h IS4, DR
RGN ELFEhR, %88 NaOH e B XHHHAS SR AH
FERLSEIN . H AR SRMEMES T K, 51 T ORA W,

T LA TR P P B S AR ERBEAE S 4n i

BER A — S EE MR, S AT YER L RTRR L R

J N ZEBESE I WAk 2 2= e, A3 AR R = 2=
HESZ Y SC ZR, FE K ER IR ARG AR S5 AF T, HR AR X ERS

FHIE 3 AT, 24 NaOH ¥ BN 1 mol- L' B, FHAR IR
BEISRAAIR, (R 3.6%+0.1%, FBHHAK NaOH ¥R
AL FRAE FHER S5, ASRE S0 425 o 1 25 70 260 Bk e 440 i

BE, T P BHEBCRAL, HEBIS M SRR | 274k

R G HAWA TR 45 & R BRI 43, A 2 LA

SEL IR ZEA A BRI S5, LLIRR e 2 AR R
BEET 4 NaOH ¥ F] 2.5 mol-L™' B}, 15%# T-F
2%, IKF 21.4%+0.2%; FEFE NaOH ¥ ¥ & 55 i,
NaOH A M 4 mol- L' i, A] GBS OB HIKEAR,
W A SRBEAS 2R A BRI 20.0%+0.2% . K1,
TEHTAF R FNZ TR R, e N 2.5 mol- L™
NaOH A A R Ok 251

AR (%)
s & 8 o

W
T

1.0 15 20 25 3.0 35 40
NaOH¥& & (mol/L)
€13 NaOH ¥ 1 2570 4 Bk i R SRS 3R A9 72
Fig.3 Effect of NaOH concentration on yield of crude xylan
from Caulerpa lentillifera

2.2.2  PEHUAT RIS SRS SR A5 fokhi b
1:40 g-mL™", LAHJEE >} 2.5 mol-L™' NaOH /KA M
PRBGRAE T, A SRR R B 5555, 5
AN [ FR B TR XA SR M = s . R IRl 4 71
T, R HREUET AL AN 1 h #5RKE] 3 h B, KA SR AEAS
Fiti 5 7K st e B8 i i, B 18.6%+0.1% 2
2 24.1%+0.2%, G5RFRAHIE KoK s a1 Bl
THE RSB IS3, FEPEHRAT AR s LT,
PEPOR N Z A S 4, IR G AR, KB4
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WP AR p Z2PH S B G NT . S R B E]
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FE o GBI AR AN B2, S BERE
PRSI RIS, Ty 2] A BEYR Y
), VPR U], 3 h PR AR

1 2 3 4 5
FFIE] (h)
Pl 4 BRIBUR AL 250 A B LA SR A 3 A 52
Fig.4 Effect of extraction time on yield of crude xylan from
Caulerpa lentillifera
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2.5 mol-L™' NaOH 7KW ARG, F2IUHTRIS 1.5 h
FAFT, LA RIS R B EdE R, BEEA R
O REAC SRS 2R A 52 A& 5 AT, 2kl b
7 1:20 grmL™" B, FHARSRBEIFREAR, [ R 8.2%+
0.1%, AT BB A TAE S B 3 o, R g2,
SR B IRY BLER S, AT AN o AR S AT R
H, PNITAS SR, BEEABH EL A RIS, Ll Fde
TR Fréy 2 Ak e AR AL AR AS W T, %320 ol SR o, e = 1%
15, FHAR B R b ARG T g, Tk 21.1%+0.3%
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2 KRR B SHRIBOE 3210 45 R
Table 2 Results of the orthogonal test for crude xylan
extraction from Caulerpa lentillifera

H5  ANaOHWKIE  BIEEUE]  CREHALL KRR R(%)
1 1 1 1 16.8
2 1 2 3 223
3 1 3 2 214
4 2 1 2 202
5 2 2 3 272
6 2 3 1 226
7 3 1 3 203
8 3 2 2 259
9 3 3 1 21.0

K, 60.5 573 60.4
K, 70.0 754 67.5
K, 672 65.0 69.8
k, 20.2 19.1 20.1
k, 233 25.1 225
k, 224 217 233
R 3.1 6.0 32

FHe 2 A, 865 5 S R SRS R e v,
A 27.2%0 ST HRE RS AL A 25 A 2 R R AS SR b
AISZ AR EEANA], R AEERTC, SRR R X PHIASR R
AFRAY SRR, PRI B R 2R T SRy S B
(8] (B) >} b (C)>NaOH ¥ )JE (A), RIH B} E] X
A BROBE A 3 52 W) B R, LR & BHAK L T NaOH
W dm At g K AE T, 3 DR KR
A,B,C,, BIH2HCHT ] 3 h, NaOH ¥ & 2.5 mol-L™',
BHEEL 1:100 g-mL!,
2.3.2 JrZESHT RS ERAAL T 2RSS RS Ty
ZESTHTEE R 3, R AT A, — AR F XK 2514
R A AS BMHAS R4 S I A B A TR] (B) >R
H(C)>NaOH ¥ JE (A), S5 ZZ/0 s R —2.
PAEATAL, = A2 vh R B TR PR AC SRS AT
FHRONA o PRI R U T T e, TR AR

3R AR B 5 22 70 B
Table 3 Regression model ANOVA for crude xylan yield of
Caulerpa lentillifera

T 2R HEZEFHFM AmE ¥F F P
A NaOHJ¥ 3.105 2 1.553 0964  0.109
B H2HU[A] 42.105 2 21.053  13.071  0.031
C BH L 15.887 2 7.943 4932 0.067
BRI 3.221 2 1.611
Bt 4420.03 9

1 *P<0.05F /R £ 573 B3, **P<0.01 %R 2 B 3% .
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Fig.7 Content of reducing sugars before and after enzymatic
hydrolysis of crude xylan from different algae
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Fig.8 TLC of hydrolysis products of xylan
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