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Abgtract—The effect of operating parameters (temperature and time) and various reaction modes(batch, semi-batch
and continuous flow) on the behavior of amino acid production from hydrothermal decomposition of fish-derived
wastes was investigated. The amino acids obtained in batch experiments at 523 K were mainly alanine (Ala) and
glycine (Gly) at maximum yield of 65 and 28 mg/g-dry fish, respectively. At arelaively lower temperature of 473K,
the relative concentration of high-molecular-weight amino acids such as aspartic acid (Asp) and serine (Ser) is sig-
nificantly high, but decreases as temperature increases. It is likely that high-molecular-weight amino acids decom-
pose faster than low-molecular ones. Semi-batch and continuous flow modes of reaction suppressed decomposition
of amino acids into organic acids (or volatile materias) by continuoudy removing the products from the reaction zone
as soon as they were formed. Thus, alarge amount of high-molecular-weight amino acids such as Asp and Ser at these
reaction modes was observed. This increases the yield of total amino acids at short reaction time and at temperature
relaively higher than 523 K. It was also observed that the composition of the resulting products aso depends on the

modes of reaction.
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INTRODUCTION

Reections in high-temperature and high-pressure (HTHP) water
have been gaining atention recently [Savage, 1999] due to poten-
tid for water to act as areaction medium and catayst under these
conditions. Much research work has been done in this regard, and
the technique was found useful especidly for wastewater treatment
[Goto et d., 1999] and solid wastes resources recovery [Shanableh,
2000]. Although these have not been widdy used in industry, gppli-
cation to dedtruction of toxic wagtes has shown to be practicd in
gmdl scde [Shaw et d., 1991]. Some recent sudies ded with the
gpplication of the technology to recover useful materids from vari-
ous organic wedtes, induding plagtics [Adschiri et d., 1997; Kim
etd., 2002; Sco et d., 1999], cdlulosic [Sasski et d., 1998; Park et
a., 2002] and proteinaceous (fidh-derived) wadtes [Yoshida et d.,
1999; Kang et d., 2001; Damon et d., 2001].

Regarding fish-derived wadtes, large quantities of fish processed
in indudtry per year are being put into wadtes. Technologies that
would tregt these wastes, or even better, recover some useful orgar+
ic materids before digposd are important. One possible vauable
product that can be derived from fish wagtes is amino acid obtained
from hydrolysis of proteins. Yoshida et a. and our research group
[Kang et d., 2001, 2004; Daimon et d., 2001] have sudied sub-
critical water hydrolyss to produce organic and amino acids from
fish-derived wedtes

In the design of an gpplicable hydrothermd  treatment process,
information on the effects of various operating parametersisimpor-
tant. Among the parameters influencing hydrothermd reections, tem-
perature and time are usualy the mgor concern of severd researchr
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ers[Saski e d., 1998; Meyer et d., 1995]. These are the two most
important parameters necessary for the technical and economic as-
sessment of the process. To fadilitate the design of an actud pro-
cess, the behavior of products composition and yield on operating
modes should also be sudied.

The main purpose of this study isto invegtigate and andyze the
behavior of amino acid production, with regardsto compaosition and
yidd, from fish-derived wagtes under various operating conditions
(temperature and time) and reaction modes (batch, semi-batch and
continuous flow). This information would be necessary in the de-
sign and economic evauation of an applicable hydrothermd treat-
ment processto recover amino acids from fish-derived wastes.

EXPERIMENTAL SECTION

1. Properties of Fish Wastes and Sample Preparation

A solid sample conggting of the entrails of “white crosker” was
obtained from a loca seafood processing company. Some of the
charateridics of the entralls are shown in Table 1. Before the experi-
ments, the entrail swere homogenized for 5 min usng amixer (CQM-
N1, Toshiba Corp.) & the maximum speed setting (4,500 rpm) and
dored in afreezer a 252 K.

For continuous flow experiments, liquid samples were prepared
by mixing homogenized entrails with deionized water at a ssample
to water weight ratio of 1: 20, and then centrifuged about 10 min

Table 1. Characterigtics of the entrails used in this experiment

Elemental analysis (wt%6) Others Water content
C H N (Wt%) (Wt%0)
449 6.6 10 38.5 78
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Fig. 1. Schematic diagram of continuous flow tubular reactor ap-
par atus.

using a N-100F Centrifuge (Kokusan Corp.). The supernatant solu-
tion was used only in the experiments.
2. Experimental Apparatus and Methodology

The experimenta apparatus and procedures for batch and semi-
batch experiments have been described in detail dsawhere [Kang
et d., 2001]. Briefly, in each run for batch experiments, waste fish
entrails and deionized water were charged into the reactor & aweight
ratio of 1:20. The reactor was immersed into the preheated mol-
ten At bath. After the desired reaction time hed e gpsed, the reector
was plunged into awater bath to bring them quickly to room tem-
perature, effectivdy ceasing any reactions occurring. For semi-batch
experiments, about 259 of solid sample was placed indde a cap-
sule and introduced rapidly into the reector & pre-exiging hydrother-
mad conditions. Reaction products were then continuoudy collected
a the sampling port.

For continuous flow experiments and investigation of reaction
a short time, a continuous-flow tubular reactor (Organo Corpora-
tion) system shown in Fig. 1 was used. The gpparatus condsts of
two pumps, a preheater, a reactor, a cooling unit and a reguleor.
Thetubular reactor is made of Inconel 625 with an OD of 105 mm
and ID of 68 mm. This could be operated a amaximum opereting
temperature and pressure of 673 K and 40 MPa, respectively. Sam-
ple and weter were delivered at a congant flow rate. The gpparatus
was designed to mix two separate flows a a known temperature
and fixed flow rates and to dlow this mixture to react at isotherma
conditions. The totd flow rates can be varied from about 0.08 to
80 cm’/min. The reactor pressure was controlled by the regulator
vave The temperature of deionized water was brought to the desired
levd by a prehester, then mixed with the same amount of sample
solution before entering the main reector. To improve heet trandfer
between the heater and the fluid indde the reactor, the heater was
coiled around gtainless sted rods that were in direct contact with
the Incond reector. Thermocouples were connected & the entrance,
center and exit of the reactor. The residence time was adjusted man-
udly by the flow rate of sample and water.
3. Analytical Methods

The amino and organic acids contents of the reaction products
were determined with an amino acid andyzer (LC-10AD, Shimedzu
Corp.) and an organic acid andyzer (LC-10A, Shimadzu Corp.),
respectively. The amino acid andyzer is a combingation of an ion
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excusion column (Shim-pack Amino-Na, Shimadzu Corp.) and
pogt-column labeling methods with spectrofluorophotometer (RF-
10A, Shimadzu Corp.). In sample preparation for amino acid anay-
s filtration was done using ultrafiltration membrane (30,000 frac-
tiond molecular weight, Millipore Ultra Free C3) to maintain good
performance of the chromatogrgphic system. The quantities of 17
kinds of amino acids (presented here according to eution order) -
namdy, aspartic acid (A), threonine (Thr), serine (Ser), glutamine
(Glu), praline (Pro), glycine (Gly), danine (Ala), cydtine (Cys), vdine
(Vvd), methionine (Met), isoleucine (ILeu), leucine (Leu), tyrosine
(Tyr), phenyldanine (Phe), higidine (His), lysine (Lys) and argin-
ine (Arg)- were determined in eech andytica run.

The organic acid andyss system condgs of an ion excdluson
column (Shim-Pack SCR-102H) and e ectroconductivity detector
(CDD-6A). The objective of andlyss was to know diphatic car-
boxylic acids, hydroxycarboxylic acids, ketocarboxylic acids and
other organic acids having dissociation congant (pKa) of 2to 5 and
carbon number of 5 or less

TOC of the products was measured with a TOC andyzer (TOC-
500, Shimedzu Corp.).

RESULTS AND DISCUSSION

1. Speculated Main Reaction Pathway for Hydrolyss of Pro-
teins under Hydrothermal Conditions

Two main consecutive reections are being considered for the re-
covery of amino acidsby hydralyds of proteinsin fish-derived wadtes.
These are production of amino acids from hydrolysis of proteins
and decomposition of amino acidsto other products such as organic
acids. Proteins decompose to amino acids via low-molecular pep-
tides. The amino acids degrade to organic acids, resulting in com-
plete decomposition to volatile carbon (carbon dioxide, etc.) and water
under severe conditions or at long reaction time. In this regard, prop-
er control of reaction parameters such as temperature and time is
necessary in order to obtain high yield of amino acids.
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Fig. 2. Effect of reaction temperature at sub- and supercritical con-
ditionson theyidd of amino acidsin batch experiments (re-
action time=60 min).
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2. Temperature-Dependence of Reaction

The effect of reaction temperature on amino acid production was
gudied in detail with a batch reactor [Kang et d., 2001]. A sum-
mary of the results in Fg. 2 shows that the maximum production
of totd amino acidswas obtained a areection temperature of 523K,
the temperature a which theion product of water is maximum under
saturated vapor presaure. “Others’ indicates the amount of other
amino acids andyzed as described in the Analytical Mehods The
amino acids obtained under this condition were mainly danine and
glycine (65 and 28 mg/g-dry fish, repectively).

At ardatively lower temperature of 473 K, the maximum yields
of high-molecular-weight amino acids such as Asp and Ser are ob-
served, but decrease as temperature increases. It can be postulated
from the results that high-molecular-weight amino acids decom-
pose fagter than low-molecular ones. Thus, operation  this tem-
perature would be aufficiently effective to obtain high-molecular-
weight amino acids (Asp and Ser) because this condition would
uppress decomposition of amino acidsto other organic compounds.
At temperatures higher than 523 K, the yield of total amino acids
decreases as aresult of rgpid decomposdtion rate compared to pro-
duction rate of amino ecids.

3. Effect of Reaction Time on Formation of Amino and Or-
ganic Acids

Further experiments were carried out to ducidate the effect of
reaction time a temperatures of 523 and 653K (the resuits are shown
in FHg. 3). A dashed line indicating the amount of initid free amino
acids, obtained by extraction a 298 K for 30 min, is dso shown to
srve asareference Thisamount isSmilar to the amount at 298 K
in FHg. 2. At 523K (4 MPg), the production of amino adds is evi-
dent from the increase in the yidld of amino acids againgt reaction
time Theyidd at reaction time of 60 min is about twice the initia
amount of amino acids. On the ather hand, a 653K (45 MPa), or-
ganic compounds decompose reedily resulting in a decreese in the
yidd of amino acids, even lower than the amount of initid freeamino
acids. Basad on the speculated main reaction pathway of hydroly-
dgsof proteins the significant decrease in the yidd was due to de-
compodtion of amino acid to organic acids. In this regard, the for-
mation of low-molecular-weight carboxylic acids was aso investi-
gated, and the results at temperatures of 523 and 653 K are shown
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Fig. 3. Yidd of total amino acids againg reaction time at 523K (4
MPa) and 653K (45 MPa).

Yield of amino acids [mg/g-dry fish]

80
523K (4MPa)
<
(2]
(=4 60_
f
v
R
£ 40
[2)
i)
®
o 20r
=
=
8
Fe O &l
8 60
£ 80
g 653K (45MPa) 1 Malic acid
2 EH Succinic acid
= [ Lactic acid
% 60F Propionic acid
3 Acetic acid
© ormic acid
€ 40t
2
o
- I I
o 20f
Q
=
0

30 60
Reaction time [min]

Fig. 4. Yidd of low-molecular-weight carboxylic adds againg re-
action timeat 523K (4 MPa) and 653K (45 M Pa).

inFHg. 4. Even a arddively lower temperaure of 523K, lov-mole-
cular-weght carboxylic ecids are formed, obtaining atota of about
60 mg/g-dry fish after 60 min. The products were mostly formic,
acetic, propionic and succinic acids. Theyield of acetic acid gradu-
aly increases with increasing temperature and time, while amount
of other organic acids decreases. It should be noted that acetic acid
is gable a high temperature, and is difficult to degrade evenin the
presence of oxidants [Meyer et d., 1995]. The decreasing amount
of other organic acids indicates further decomposition into volatile
compounds such as CO,, CO and H,O at longer reaction time.

Based on the results, proper control of reaction time dong with
temperature is necessary in order to get high yield of amino acids.
The main concern is to enhance the hydrolysis of proteins and ef-
fectively suppress the decomposition of amino acids. One possible
olution isaprocessthat would dlow remova of amino acid as soon
asit isformed. This process would shift the reaction towards pro-
duction of amino acid (the intermediate product) while suppressng
its decompogtion to other compounds such as organic acids. For
0lid materids such as fish-derived wadtes, a process that would
treat solid samples at stable reaction conditions needs further con-
Sderation.
4. Process Improvement - On the Idea of Continuous Removal
of Products from the Reaction Zone

To address the problems encountered with the batch operation,
experiments were conducted in a semi-batch reector with rgpid sam-
ple injection. The experimenta apparatus and procedures were de-
<cribed in detail elsawhere [Kang et d., 2001]. In brief, water wes
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Fig. 5. Comparison of maximum yield and compostion of amino
acidsin batch and semi-batch experiments.

alowed to flow through the reector a condant flow rate. After reechr
ing the desired operating conditions, sample was introduced rapidly
to the reector. After dropping the capsule containing about 259
sample into the reector, the firg 96 cm® water indde the pipeine
downgream the reactor to the sampling port was removed. Then,
sampling was done continuoudy for 2.5 min. The collected sam-
ples were andyzed for amino acids, organic acids and totd organic
carbon (TOC). The TOC of the first 96 cm® water was negligible,
indicating the absence of any organic compounds. The reection tem-
peraure was varied at 523, 573 and 673 K, while the pressure was
held congtant & 30 MPain al experiments

In the operation of a semi-batch reactor, further decompogtion
of amino acids is suppressed resulting into high yidd because the
products are withdrawn right away from the reaction zone. This
operdion is more advantageous compared to the batch reactor be-
cause the effect of equilibrium and the presence of byproducts are
minimized. The maximum yield under the tested conditions was
obtained a 573K and is shown in Fig. 5 in comparison with the
maximum yield obtained in batch experiments

Recovery of high-molecular-weight amino acids such as A9
and Ser was higher in semi-batch compared to batch operation, re-
aulting in high yidld of totd amino acids. This agrees with the result
of batch experimentsin Fg. 2 that Asp and Ser could be obtained
in grest amount & mild condition. Moreover, in a semi-batch reec-
tor system, further decomposition of these amino acids could be
avoided because the products are continuoudy being withdrawn as
soon as they are formed. To obtain high yield of amino acids, the
results suggest operation of the systemn a short reection time and
relatively high temperature compared to the optimum temperature
obtained from the batch reactor operation.
5. Continuous Treatment of Liquid Samples in Short Reac-
tion Time

It should be noted that it is quite difficult to get an accurate result
using a batch reactor for reaction time shorter than 5 min dueto the
trandtion in temperature and presaure prior to reaching the desired
reaction conditions. To further investigete the behavior in short reec-
tion time, continuous flow experiments were conducted utilizing
liquid samples and employing the continuous flow tubular resctor
goparatus The solution was alowed to reect & reection times shorter
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Fig. 6. Concentration of amino addsin the produds obtained from
continuousflow experimentsat 573 and 673K (P=30 M Pa).

than 5 min and reection temperatures of 573 and 673 K. The effect
of reaction time (resdence time in the reector) on the concentration
of amino acids of 573 and 673K is shown in Fg. 6. The concen-
tration of amino acids a reaction time of 0 min indicates the free
amino acidsin the origind solution. At 673K, the total concentra:
tion of amino acids decreased significantly a any reection time be-
cause the degradation of amino acids is fagt a high temperature.
The highest amount of amino acidswas obtained a 573K and reec-
tion timeof 2 min. At 5min, thetotal concentration of amino acids
dgnificantly decreased since mogt amino acids, except Gly, could
have been degraded after 5min. Agp and Ser were not detected in
the products, presumably due to decomposition at these tempera-
tures Besides, only agmdl amount of Ser and no Agp was obtained
intheacid hydrolysis of thesample.

The results agree with that of the semi-batch experiments; this
uggests operation of the system in short reaction time and rela
tively higher temperature conditions to obtain high yield of amino
acids. Operating conditions should be controlled depending on the
reection mode and desired amino adid (i.e, low temperature for high-
molecular-weight amino adids and high temperature for low-molec-
ular ones). In short reection time of lessthan 3 min, ardaivdy higher
temperature is preferred using the semi-batch or continuous flow
mode and compared to the batch mode. Thus, the composition of
the resulting products should dso be considered.

6. Comparison of Amino Acid Compostion Obtained from
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Fig. 7. Comparison of amino acid composition of products ob-
tained from various reaction modes at 573K (time=2min,
P=30MPa, Note: the batch reactor was under saturated
vapor pressure of 9 MPa).

Various Reaction Modes

Fg. 7 shows the comparison of amino acid composition of prod-
ucts obtained from various resction modes a 573K and reaction
time of 2 min. The operaing pressure was 30 MPa, except for the
betch reactor that was under saturated vapor pressure of 9MPa The
compostions of amino acids obtained by adid hydrolysis of the sam-
ple usad in the experiment are d 0 shown to serve asreference. The
results of acid hydrolysis of the sasmples vary due to differencesin
sample preparations for batch (or semibatch) and continuous flow
experiments. The acid hydrolysis of sample for continuous experi-
ments contains high-mol ecular-weight amino acidsthat could have
been diswolved easly in water.

At batch mode, low-molecular-weight amino acids such as Gly
and Alawere dominant. In semi-betch and continuous flow aperation,
production of high-molecular-weight amino acids was enhanced.
As discussed previoudy, this could be due to continuous removal
of products from the reaction zone as soon as they are formed, thus
inhibiting their decompodgtion into orgenic addsor valdile materids

The combined fractions of Gly and Ala are dmost the same for
both batch and semi-batch experiments. However, Alais dominant
compared to Gly in batch than semibatch mode of reection and vice
versa, It should dso be considered that it takes about 7 min for the
batch reactor to reach the desired temperature of 573 K and the re-
aults presented here were taken during the trangition period. Even
if it 90, the figure shows that the results of semi-batch operation are
comparable to batch mode at short time. The continuous operation
favors formation of high-molecular-weight amino acids compared
to batch and semi-batch modes of operation. This behavior cannot
be dearly explained and merits further invedtigation.

CONCLUSIONS

Various reaction modes (semi-batch, batch and continuous) are
goplied for reaction temperature and time effects sudy on produc-
tion of amino acids in hydrothermd reaction. The following con-
clusonswere obtained.

At 523K, ampleamino acids (Alaand Gly) were mainly obtained

a maximum yield of 65 and 28 mg/g-dry fish, regpectively. At rd-
aively lower temperaure of 473K, the yied of high-molecular-
weight amino acids such as Agp and Ser is high, but decreases as
temperature incresses. It can be podulated from the results thet high-
molecular-weight amino acids decompose fagter than low-molecu-
lar-ones. Thus, operation a 473 K would be sufficiently effective
to obtain high-molecular-weght amino acids (Asp and Ser).

In semi-batch and continuous flow modes of reaction, recovery
of high-molecular-weight amino acids a short reaction time and rdl-
atively higher temperature than 523K increases the yidd of totd
amino acids. The system suppresses decomposition of amino acids
into organic acids or volatile materids by continuoudy removing
the products from the reaction zone as soon as they are formed. It
was dso found that the compostion of the resulting products dso
depends on reaction modes.

This result suggests that proper control of reaction temperature
iS necessary in order to obtain maximum yield of specific amino
addsin the range of 474-573 K. Therefore, a hydrothermd process
for production of amino acids from fish wagtes should be operated
a short reection time. Thisis advantageous congdering the problems
(energy and capital cost) asociated with the operation of a hydro-
therma process
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