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Properties of Porphyran and Hemicellulose extracted with Different extract
Solutions and Enzymatic Pretreatments from Porphyra

Se-Ra AN" - Jae-Geun KOO'

(‘West Sea Fisheries Research Institute, National Institute of Fisheries Science * *Kunsan National University)

Abstract

Laver, Porphyra, is distinctive for its high content of proteins and polysaccharides such as porphyran
and hemicellulose. The chemical properties of the polysaccharides extracted with different extraction
methods such as hot water, dilute acid(pH 4.0) or alkali solution(2N NaOH) were examined to investigate
the suitable extraction conditions for porphyran and hemicellulose from laver. For porphyran extraction,
dilute acid solution was more preferable to hot water and alkali solution because of its higher
3,6-anhydrogalactose content and lower protein content. However, alkali solution was more suitable to
extract the hemicellulose because of higher mannose content indicating the extraction of mannan. To
decrease contamination of the polysaccharides with protein, the dried lavers were pretreated with enzymes
(Protamex, Flavourzyme, Alcalase, Viscozyme) before hot water extraction. All enzyme pretreatments
increased the yield of polysaccharides by compared with control (enzyme unpretreated) and Flavourzyme
pretreatment was most effective to decrease protein contamination in the polysaccharide. All viscosities of
porphyran solutions pretreated by enzymes were lower compared to the control porphyran solution and
showed pseudoplastic behavior with yield stress. In case of alkali extraction of residues obtained after
enzyme hydrolysis and hot water extraction, protease pretreatment increased the mannose contents in the
polysaccharide while the xylose content was increased by Viscozyme pretreatment.
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Porphyra
- Hot water extraction (100°C, 3hrs, 2times)
- d-HCl extraction (80 °C, 3hrs)
- Alkaline extraction (2N NaOH, 2hrs)
\ |

Residual fraction Soluble fraction

- Neutralization - Neutralization
- Dialysis - Dialysis
- Addition of ethanol - Addition of ethanol

Precipitate Supematant

- Freeze drying - Concentration

- Freeze drying

- Freeze drying

s Frac 1 s Frac 2 s Frac 3

[Fig. 1] Flowchart for the fractions extracted with
hot water, diuted HCI or 2N NaOH
solutions
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Porphyra
- enzyme reaction(40°C, 11hrs)
+ Alcalase, Flavourzyme, Protamex, viscozyme
- Hot water extraction (100°C, 3hrs, 2times)
\ |

Residue Soluble
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Residual fraction Soluble fraction

- Neutralization - Neutralization
- Dialysis - Dialysis
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[Fig. 2] Flowchart for the fractions extracted with
2N NaOH after enzyme hydrolysis from
Porphyra yezoensis
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<Table 1> Chemical compositions of the Porphyra yezoensis(%)

Mois Pro livid Carbo Monosaccharide contents
S . 1pi 2 -
ture tin T hydrat¢’ Rhm Rib An-Gal 6-Me-Gal® Xyl Man Gal Glu Total

84 183 389 20 324 03 03 2.4 0.6 1.0 22 178 15 261

“Carbohydrate = 100-(moisture+ash+protein+lipid), °3,6-anhydrogalactose, °6-O-methyl-galactose

<Table 2> Yields and compositions of the fractions extracted with hot water, diluted HCI or 2N NaOH
solutions from Porphyra yezoensis(%)

Monosaccharide contents

Yield STli’ti Prztel SOi L An 6Me
g m Gal'  Gal’

HW Frac-1 430 299 63.5 63 05 0.0 27 0.0 23 49 95 09 208

Xyl Man Gal Glu Total

HW Frac-2 222 59.6 213 80 1.6 1.9 82 1.5 05 1.2 319 0.0 467
HW Frac-3 20.0 4.6 18.3 24 0.0 0.0 00 0.0 0.0 0.0 1.8 09 27

d-HCl Frac-1 540 39.6 67.7 40 04 1.6 1.7 0.0 1.7 38 &1 1.7 189

d-HC Frac-2 173 63.6 158 102 1.7 0.0 124 0.0 00 1.0 313 0.0 464

d-HCl Frac-3 184 5.0 14.2 1.5 0.0 0.0 0.0 0.0 0.0 0.0 1.8 00 1.8
2N NaOH Frac-1  29.2 52.5 26.9 9.1 06 00 78 0.7 22 54 248 1.6 432
2N NaOH Frac2 2.4 21.9 522 4.7 00 00 4.0 0.0 00 21 152 00 214
2N NaOH Frac-3  13.7 4.7 534 4.1 00 04 00 0.0 0.0 0.0 1.6 0.0 20

13 6-anhydrogalactose, °6-O-methyl-galactose
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<Table 3> Yields and compositions of the fractions extracted with 2N NaOH
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after enzyme hydrolysis

Monosaccharide contents

Yield Protein

Ara An-Gal* Xyl Man Gal Glu Total
Alc Frac-4 25 15.8 0.0 0.1 1.3 16.6 5.4 1.9 0.5 25.8
Alc Frac-5 2.7 17.7 0.0 0.0 42 0.5 14.5 8.9 0.7 28.7
Alc Frac-6 1.8 25.4 0.0 0.0 0.9 0.0 2.1 5.0 0.0 8.0
Fla Frac-4 3.8 22.8 0.1 0.1 1.7 17.7 6.5 24 0.5 29.0
Fla Frac-5 2.4 11.0 0.0 0.0 6.3 1.2 14.8 12.8 0.0 35.1
Fla Frac-6 22 18.6 0.0 0.0 5.8 0.0 5.0 12.1 0.0 229
Pro Frac-4 2.6 18.5 0.0 0.3 0.8 20.2 5.5 1.3 0.3 28.4
Pro Frac-5 35 8.7 0.0 0.0 44 0.8 15.6 93 0.0 30.2
Pro Frac-6 1.9 242 0.0 0.0 1.1 0.0 31 6.1 0.0 10.3
Vis Frac-4 6.9 50.9 0.0 0.0 0.4 14.5 1.1 0.3 0.3 16.7
Vis Frac-5 0.8 325 0.2 0.0 1.9 8.4 8.2 6.1 1.7 26.5
Vis Frac-6  14.1 85.6 0.0 0.0 0.0 0.0 1.9 0.6 0.0 2.5
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<Table 4> Yield, chemical compositions of polysaccharides extracted with hot water after enzyme

hydrolysis(%)
Monosaccharide contents
Total .
Yield Protein SOy ) An-  6-Me
Rhm Fuc Rib Ara a , Xyl Man Gal Glu Total
Gal® -Gal
Ale 388 540 227 6.0 04 00 06 02 39 0.8 04 24 263 08 358
Frac-7
Fla 343 614 132 72 05 02 02 00 41 0.8 05 19 283 00 365
Frac-7
Pro 39.1 495 233 65 05 02 00 05 3.1 0.6 05 16 203 14 286
Frac-7
Vis 344 649 212 67 07 00 00 00 73 1.0 02 36 335 3.0 492
Frac-7
Control®° 222 59.6 213 80 1.6 00 19 00 82 IS5 05 12 319 0.0 467
*3,6-anhydrogalactose, °6-O-methyl-galactose, ‘refer to HW Frac 2 in <Table 2>
Protamex®}  Alcalase A 2]dt EES 495%, 4. FT-IR EA
Fslod B shako
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[Fig. 3] FT-IR spectra of ploysaccharides extracted
by hot water after enzyme hydrolysis
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<Table 5> Herschel-Bulkley Model of polysaccharides extracted with hot water after enzyme hydrolysis

concentration(%) c* K® r
Alc 3 0.1086 0.0708 0.6512 0.9905
5 0.1074 0.0675 0.6604 0.9983
7 0.1689 0.1049 0.7341 0.9997
Fla 3 0.5339 0.0258 0.6298 0.9869
5 0.3004 0.0285 0.7628 0.9956
7 0.8439 0.0654 0.7441 0.9971
Pro 3 0.4761 0.0236 0.5854 0.9012
5 0.4509 0.0306 0.7386 0.9975
7 0.8986 0.0596 0.7020 0.9937
Vis 3 0.9699 0.0444 0.6659 0.9980
5 0.8116 0.0393 0.6939 0.9681
7 3.9832 0.1383 0.7116 0.9886
3 0.6156 0.0424 0.7861 0.9665
HW Frac-2 5 52659 0.1234 0.6539 0.9666
7 12.1430 0.1539 0.6796 0.9342
%Yield stress, bConsistency index, ‘Flow behavior index
FEA] @AY ko] A} dAE FEF X international. 16th. Ed.
A= xu@o] F=ZFo] Ao} dugoe] ¢}  Cho,  KyunglJa-Lee, Young-Suk &  Ryu,
% EAlo] 2295 mannan® FZE} xylanS Belvmvg-Ho(1990). Antitumor effect and immunology
. _ U activity of seaweeds toward Sarcoma-180. Korean
TEHA W%k a4 7k ll(Protamex, Journal of Fisheries and Aquatic Sciences 23(5),
Flavourzyme, Alcalase, Viscozyme) & 4= F=3t 345-352.
84 gy $£8&e g4 AHg  AE7F Dodgson, K. S. & Price, R. G.(1962). A note on the
343391%% &h Aglehd ok uizTel wla) determination of the ester sulphate content of

S7FeF3 3L Flavourzyme 7H-all7h w2l A7 o
7 agdoliet. ek a4 AHEd 4 v
o] HA=7F Aststla o7t A4 5
otk 54 Ay $ g “}%31 %% =y
protease?l
7} Viscozyme A E|$H Al H]E}
. Hbdel Viscozyme A2 & &4z F
xylose?] % o] F7akqlnh
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