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Recovery of Monosaccharide and Amino acid from
Brown seaweed (Undaria pinnatifida)
by Sub- and Supercritical Water Hydrolysis

Myong—-Kyun Roh

Department of Food Science and Technology, Graduate School,
Pukyong National University

Abstract

The objective of ‘this research were to. produce. monosaccharide
and amino acids from freezing-dried brown seaweed (Undaria pinnatifida)
powder by sub- and supercritical water hydrolysis and to characterize the
products. The hydrolysis ~was earried fout in a batch type reactor
consisting of 4.6 cm “insideéw diameter ‘and 200 <¢m? vessel made of
Hastelloy276. The reactor used -in this study equipped a temperature
controller and achieved heat quickly and was not quenched rapidly. Brown
seaweed powder and 100 mL of 1 % acetic acid in distilled water were
charged into the reactor at a ratio of 1:100(w/v). A stir inside the reactor
was continuously moving at 100 rpm. The applied temperature and

pressure ranges were 180 ~ 374°C and 8.82~221bar, respectively for 1



hour. Qualitative and quantitative analysis of products were performed by
HPLC-RID. The hydrolysis product of brown seaweed was mannose. The
efficiency of the reaction was increased with the temperature and
pressure by inorganic catalyst. The efficiency of the reaction was checked
by measuring reducing sugar, monosaccharide. The maximum vyields of
mannose (488 mg/1 g sample) was produced at high temperature and
pressure (374°C, 221 bar) with 1% acetic acid.

The total amino acid content was found to be significantly higher
in brown seaweed hydrolyzed by low temperature and pressure comparing
to high temperature and pressure. The amounts—of low molecular weight
amino acids (glycine, alanine, serine etc) were higher than that of high
molecular weight amino acids. The amount of amino. acid produced by
subcritical hydrolysis of brown seaweed was increased with the addition
of acetic acid. The amino acids were decomposed at high temperature and
pressure. The maximum vyields of amino acids (290.84 pug/mlL) were
produced at low temperature and- pressure (220°C, 22 bar) with acid

catalyst.
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Fig. 1. A schematic diagram of supercritical fluid extraction (SFE).
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Table 1. Supercritical solvents and their basic constants

Critical data

Solvents B.P.(C)
T(C)  PMPa) pc(g/cm)
CO2 -78.5 31.3 7.38 0.448
NH3 -33.4 132.3 11.27 0.240
H:0 100.0 374.4 22.97 0.344
Methanol 64.7 240.5 7.99 0.272
Ethanol 78.4 243.4 6.38 0.276
Isopropanol 82.5 235.3 4.76 0.273
Ethylene -103.8 9.3 4.98 0.217
Propylene -47.8 91.9 4.62 0.232
Ethane -88.0 32.4 4.89 0.203
n-Propane =44.5 96.8 45 0.220
n—-Butane =0.5 152.0 3.80 0.228
n—Pentane B0 196.6 3.3 0.232
n-Hexane 69.0 234.2 2.30 0.234
2,3—-Dimethylbutane 58.0 226.8 3.14 0.241
Benzene 80.1 288.9 4.89 0.302
Toluene L)% 318.6 4:11 0.292
Dichlorodifluoromethane -29.8 111.7 209 0.558
Dichlorofluoromethane 8.9 "W o 5.16 0.522
Trichlorofluoromethane 2l 196.6 4.22 0.554
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Table 2. Application areas for supercritical fluid extraction

Fractionation polymer

Porous polymer

Swell polymers

Chemical fiber

Chemicals from coals, metals isotopes, alcohol

Spice extracts

Lecithin
Chemical Fat free proteins
and Vegetable fats and oils

Food Industries| Animal fats

Aromas and-essences(Coffee, tea, hops)
Natural coloring substances(Paprika)
Aroma transfer

Catalyst treatment

Active=carbon treatment

Fat refining(deacidification)

Reduction of alcohol in beverages

Alkaloids
Pharmacy Sterines

Antibiotics

Recycling of Used oils

Residue Polymer wastes

_17_
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OH
OH 0= OH
0 2| lo = N
HO/‘\ HO o
n
0~ TOHJ
Alginic acid
Sub- and Supercritical
Water
O.__E_‘_,H O‘-u_._.h_‘_‘/H
HO—1+—H H—1—OH
HO—H H——OH
H——OH HO——H
H—1—OH HO—+——H
CH>OH CH-OH
D-Mannose L-Mannose

Fig. 2. Production process of mannose from Undaria pinnatifida by sub-

and supercritical water hydrolysis.
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Proteins

: Amino acid Organic acid
(Pe;ﬁ:de) N . o A
I
-NH-C-CO - (NH2-C~COOH) n
Iii n l!{ ! Formic acid,

]
i
1
l : "
| Acetic acid, :
{
{
1
1

Propio]
End products 4/{ “;E;ﬁm
i »

Volatile carbon | etc.
HO -

Fig. 3. Reaction pathway for the production of amino acids from Undaria

pinnatifida by -subcritical water hydrolysis.
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Table 3. Analytical condition of gas chromatography & mass detector

Gas Chromatography

Model
Control Mode
Injection Temp.

Interface Temp.

Carrier Gas

Flow

Oven Temp.

Shimadzu GC-17A
Splitless

250TC

250TC

He, 1 mL/min constant flow

35T (10min)-8 C/min—120C (10min)-12C/min—
180T
AT-1-(Alltech), Non-polar

Column 100% Dimethyl Siloxane
(60 m < 0.32 mm X 1 /m)
Mass detector:
Model GCMC - QP5050A

Acqusition mode
Interface temp.
lonization energy

Mass range

Scan
250C
707 eV

35 7 350 M/Z

_26_



Table 4. Analytical conditions of canister system

Canister system

Model

GC start option

GC cycle time
Cryo

Line temp.

Valve temp.

MCS line temp.
Trap standby temp.
Cryo standby temp.
MFC standby flow
Dry purge time
Dry purge temp.
Dry purge flow

Desorb preheat temp.

Trap desorb time
Trap desorb temp.
Cryo cool temp.
Cryo inject time
Cryol inject temp.
Trap bake time
Trap bake temp.
MCS bake temp.
MCS cool

AUTOCan
Autosampler/Concentrator,
Tekmar. Co.

Canister

End of desorb
40 min
On

200 C
200 C
70 C
100.C
Pag C
100
0.5 min
R C
5
270 C
4 min
270 C
=185
1 min
200 C
10 min
270 C
270 C
70 C
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Table 5. HPLC conditions for the detection of mannose

Instrument

Column

Column temp.
Detector
Wavelength
Injection volumn

Flow rate
Moble phase

Hewlett Packard(USA), Model
1100series

Carbohydrate Column and NH2
Column (4.6mm X 250mm)
Room temp.

Refractive Index Dectector

575 nm

20 uL

1.0 mL/min

Acetonitrile 75
Deionized Water 25
w/v)
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TAE o AbS Fol Wk Zyow FElgk ¥ ninhydrin Ak}
120Col A HF$-A]7A UV/VIS Detector® =3t ninhydrin® ol A1+ 570 nm<}
440 nm® F 3HHFE o] 8skqlth(Sabina etak, 1999). Prolin ¥ Hydroxy
proline< ninhydrin¥ ¥k-§ A& 7] ool 440 nmolA] A& 8y 1
9] e] o}m =4k ninhydrind Whg ¥ AFA S 7] wZel 570 nmoll A =3t

Ak A 2712 Table 69 e AT
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Table 6. Operating condition of amino acid analyser for analysis of
free amino acids

[tem Operating condition

Instrument Sykam amino acid analyzer S433

Column and Dimension Column size 4 x 150mm, Resin Li+ form

A  35% Acetonitrile with 0.1% acetic acid

Mobile phase o ) ) )
B : 65% Acetonitrile with 0.1% acetic acid

Detector UV detector(440nm, 570nm)
Reagent flow rate 0.25mL/min
Flow rate .
Buffer flow rate 0.45ml/min
Injection volume 50 uL
Analysis time set at the ;
64min
auto sampler
Switching reagent/water 55min
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Table 7. Proximate composition of Undaria pinnatifida

Freezing dry basis (%)

Composition Component(%)
Moisture 1.14
Crude protein 20.1
Crude lipid 4.9
Ash 13.5
Total sugar® 60.36

4 100-(moisture + crude protein + crude lipid + ash)
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Table 8. Volatile compounds identified in Undaria pinnatifida by determined

GC/MS
RT Area(%)
NAME (min) Untreated Treated
Brown Seaweed Brown Seaweed
Ethanol(CAS)Ethyl alcohol 3.91 74.96 86.60
Propanal(CAS)Propion aldehyde 4.39 0.87 0.53
1-Propanol(CAS)Propanol 6.03 0.15 0.33
Butanal(CAS)n-Butanal 6.87 0.03 2.09
Isovaler aldehyde 10.24 0.20 -
2-Ethylfuran 13.49 0.68 0.09
trans—2-Pentenal 15.56 0.07 -
Methyl-Benzene(CAS)Toluene 16.64 0.70 0.41
cis—2-Penten-1-ol 16.74 0.50 -
n-Hexanal 17.65 1.04 -
(E)-2-Hexenal 19.60 0.49 0.89
n—Hexanol 20.45 0.69 -
1,2-dimethyl-Benzene 20.66 0.09 -
Styrene$$Ethenyl-Benzene 21.32 0.04 —
n-Heptanal 21.48 0.02 T
2,2,5—trimethyl-Hexane 29.97 0.11 I
Decanal 35.43 0.03 n
Penta decane 45.78 1.04 -
Diethyl Phthalate 47.46 0.11 -
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Table 9. mannose content of products

Temperature (TC) Pressure (bar) mg/lg sample
180 8.8 28.97
200 14.3 39.83
220 22.1 69.41
240 32.2 117.09
260 45.7 190.73
280 62.6 267.99
300 83.7 355.52
320 108.5 432.17
340 142.4 464.77
360 183.1 479.86
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Fig. 9. Recovery yield of mannose from Undaria pinatifida by sub— and

supercritical water hydrolysis.
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Table 10. Comparison of radical scavenging effect between mannose and

Ascorbic acid.

temp (C)

pressure (bar)

Ascorbic
acid

Radical

scavenging
effect(%0)

95.62+
0.00
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Fig. 11. Comparison of maximum yield and composition of amino acids in
non-SCQ. treated sample and after—SCO; treated sample from

Undaria-pinnatifida by subcritical water hydrolysis.
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_54_



o]
o

!

=
=5

o]

°©

1y

[e)

=

3}

we 4%
Wl

=

=
=5

A

) .

2 A

Ll

3)

s
oF<I A

s}
&

el

=
==

4.3 W99 o}gAl & ZheRsiel vA
1999 ofdA 5 7k

g3
HH
o

_55_



EAsp ESer OGlu COGly B Ala @ Others
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450 With catalyst
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Fig. 13. Amino acids vyield with catalyst from Undaria pinnatifida by

subcritical water hydrolysis in batch process.
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Fig. 14. Amino acids vyield without catalyst from Undaria pinatifida by

subcritical, water hydrolysis in batch process.
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Fig. 15. Amino acids vyield with catalyst from Undaria pinnatifida by

subcritical water hydrolysis in continuous process.
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Fig. 16. Amino acids yield without catalyst from Undaria pinnatifida by

subcritical water hydrolysis in continuous process.
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Fig. 17. Comparison of ;amino acids yield from Undaria pinnatifida.
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Fig. 18. Comparison of batch and continuous process for production
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