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Chemical Composition and Rheological Properties of Enzymatic
Hydrolysate of Porphyran Isolated from Pyropia yezoensis

Seo-kyoung In and Jae-Geun Koo*

Department of Food Science and Biotechnology, Kunsan National University, Kunsan 573-440, Korea

The chemical and rheological properties of natural and enzymatically hydrolyzed porphyran isolated from Pyropia
yezoensis were investigated. The enzymatic hydrolysate was prepared by hydrolysis of porphyran using -agarase
followed by fractionation based on molecular weight (>300 kDa (Fr-1), 100-300 kDa (Fr-2), 10-100 kDa (Fr-3) and
1-10 kDa (Fr-4) using an ultrafiltration membrane. Each hydrolysate fraction consisted mainly of galactose (42.7-
57.5%), 3,6-anhydro galactose (6.5-15.1%) and ester sulfate (8.6-14.1%). The sulfate content of the enzymatically
hydrolyzed fractions decreased with an increase in molecular weight, whereas the 3,6-anhydro galactose content
increased significantly. The rheological behavior of porphyran and enzymatically hydrolyzed porphyran solutions
demonstrated a pseudoplastic behavior, which agrees with the Herschel-Bulkley model. The effect of temperature
on the viscosity of the porphyrans and hydolysate fractions were measured and modeled using the Arrhenius equa-
tion. The activation energy of the porphyrans and enzymatically hydrolyzed porphyran (Fr-1) increased from 12.30
to 20.29 kJ/mol and 9.06 to 23.84 kJ/mol, respectively with increasing concentrations from 3% to 7%. These data
indicate that the extent of the apparent viscosity of porphyran and enzymatically hydrolyzed porphyran are influenced
by both temperature and concentration.
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Fig. 1. Flowchart for the preparation of porphyran hydrolysates.
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FT-IR 24
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HPE B0 2 BAselh
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(HAAKE RotoVisco 1, Thermo Electron, Germany)E ©|-&
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7 : A+-3-2 (Shear stress, Pa)

K : 24 Z]4 (Consistency index, Pa.s")
¥ : Atk &% (Shear rate, 1/5)

n: -5 %5 (Flow behavior index)
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7 : -3 (Shear stress, Pa)

C : 329 (yield stress, Pa)

K : 24 A]5*(Consistency index, Pa.s")
¥ %j?l_' 21 (Shear rate, 1/s)

n & A% (Flow behavior index)

SMBI0l|4X| EX

2y} 23| g A7ReES)] B8E(Fraction 1)) &%
H3H20, 30, 40, 50C)o) w2 &3} A4S Arrhenius
model (3)& o]83fo] 481 th(Rao and Anantheswaran |,
1982).

n=K, exp(Ea/RT) -+ 3)

n: 2X7] HXx (Apparent viscosity, Pa-s)

K, : %44 (Constant, Pa-s)

Ea : @A 35} 4 A] (Activation energy of flow, J/ mol)
R : 7|44 (Gas constant, J/ mol K)

T : Ad|-2= (Absolute temperature, K)
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galactose, A7) 9] shaFo) ZV2F 47.1%, 12.7%, 14.3%2 o1&
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Fig. 2. FT-IR spectra of porphyran and its enzymatic hydrolysate
fractions.

Table 1. Chemical composition of porphyran and enzymatic hydrolysate fractions (%)

Yield Protein Sulfate Rhm 3,6-An-Gal® 6-Me-Gal’ Gal
Porphyran - 3.1+0.1 15.5+0.2" 1.0 9.9 1.6 55.9
Fraction 12 54.8 3.1+0.1 144 +0.3 0.9 6.5 1.7 57.5
Fraction 2° 6.6 2.3%0.1 11.3+0.1 0.8 9.3 1.4 489
Fraction 3* 5.9 5.8+0.1 13.5+04 0.7 11.6 14 50.2
Fraction 4° 8.5 43+04 86+05 0.7 15.1 1.2 427

'Values are mean + standard deviation.

>MW 300,000, *MW 300,000-100,000, “MW 100,000-10,000, *<MW 10,000

3, 6-anhydrogalactose, ’6-O-methyl-galactose.
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Fig.3. Shear stress vs shear rate plot of different concentrations
(3%, 5%, 7% and 10%) of porphyran solution at 20°C.
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Fig. 4. Shear stress vs shear rate plot of different concentrations
(3%, 5%, 7% and 10%) of fraction 1 solution at 20°C.
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Fig. 5. Shear stress vs shear rate plot of porphyran and enzymatic
hydrolysate fractions solution at 20°C.
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Table 2. Rheological parameters for porphyran and its enzymatic hydrolysate fraction 1

Power law Herschel-Bulkley
Conc. (%)
K1 n2 C4 K1 n2 R23

3 0.0107 0.9177 0.9953 0.0202 0.0096 0.9322 0.9958
0.0327 0.9386 0.9982 0.0145 0.0320 0.9615 0.9940

Porphyran
0.0912 0.9155 0.9964 0.1312 0.0849 0.9155 0.9964
10 0.2714 0.8969 0.9988 0.7942 0.2277 0.8969 0.9989
3 0.0559 0.9092 0.9990 0.0333 0.0159 0.7470 0.9145
Fraction 1 0.0093 0.8544 0.9666 0.0394 0.0154 0.8678 0.9800

i

7 0.0127 0.7244 0.8585 0.0698 0.0341 0.9061 0.9948
10 0.0039 0.8313 0.8900 0.0871 0.0659 0.8899 0.9951

!Consistency index (Pa.s). 2Flow behavior index. *Deremination coefficient. *Yield stress.

=St ME Hx Hat

23} A= FAI7E B27] 98l SEloF & Aol oy
A5 ojulste Y 0 2 A7 o] Flk, o] 2, o]3HetA &
Al Ak g2 of uhet Eebth(Rincon et al., 2014). 323] 3¢
3} 2 T)e} G4 745 B8 E(fraction 1)) H& ¥ 250
o3k 23t ol L 2] 9] ok Yot 7] Sl A= 1,000 1/
sollA] &5 WS 7| HA §5E(3,5,7%) H2 RV HA=E
=745l th(Fig. 6, 7). £u] 243} fraction 1 W7 24142 e}
Wleh BR7] e ristet 2= H3K(1/T)of whet Arrhenius 2]
& 23 13k B3} of | A= Table 33 ek AAAS ()7t
& a2k 0.64-0.88, fraction 1-2 0.94-0.95% &7} =84
5 =0, HAA 02 sujgto] v] 3 fraction 10] =34t 5
of w2 43} o q A gh2 2] 5% 713, 5, T%E 57t
of wha} zkz} 12.30, 17.27, 20.29 k)/mole & Z7}8+9] 31 & A7}
B3| 23]129] fraction 1% 2F2F9.06, 11,60, 23.84 kl/mole
2 27151t} Paual et al. (2001)2 Albizia lebbeck gum exu-
date®] 1, 2, 3%2] 43} oY =|7} 242+ 15.9, 16.6, 17.2 kI/

2 r ® 3%
o 5%
v 7%

Ln Viscosity (Pa.s)
\
o

6 . . . . . . .
0.00305 0.00310 0.00315 0.00320 0.00325 0.00330 0.00335 0.00340 0.00345
T (1/K)

Fig. 6. The Arrhenius plot for apparent viscosity of the different
concentrations of porphyran (3%, 5% and 7%).
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Fig. 7. The Arrhenius plot for apparent viscosity of the different
concentrations (3%, 5% and 7%) of enzymatic hydrolysate frac-
tion 1.

Table 3. Constants for Arrhenius model for porphyran and enzy-
matic hydrolysate fraction 1

Concentration Ea

Ko R23
(%) (kd/mol)'  (Pa.s)?
3 12.30  3.63E-05 0.6453
Porphyran 5 17.27  1.67E-05 0.8882
7 20.29 1.15E-05 0.8603
3 9.06  6.74E-05 0.9414
Fraction 1 5 11.60  4.93E-05 0.9415
7 2384 1.01E-06 0.9577

! Activation energy of flow. 2 Frequency factor. * Deremination co-
efficient.
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