
110 Journal o f Marine Science and Technology, Vol. 7, No. 2, pp. 110-116 (1999)

PROTEIN RECOVERED FROM OYSTER WASH 
WATER BY ULTRAFILTRATION AND THEIR 

UTILIZATION AS OYSTER SAUCE THROUGH 
FERMENTATION

Chyuan-Yuan Shiau* and Tuu-jyi Chai*

Keywords: Oyster wash water. Protein, Ultrafiltration, Sauce.

ABSTRACT

T he use o f  u ltra filtra tio n  to recover p ro te ins front oyste r wash 
w ater was found to increase the protein concentration by 18 folds. The 
concen trations o f total suspended solids and chem ical oxygen dem and 
in the perm eate were reduced by 98 and 47% , respectively . Ferm en­
tation was a good m ethod to im prove the flavor of the reten íate  from  
u ltra filtra tio n . The increase in concen tra tions o f  ex trac tive-N , free 
am ino acids and sm all pep tides supported  the idea that the ferm enta­
tion  p ro cess  w ith  K oji (c u ltu re d  w ith  A sp e rg illu s  o ryza e)  cou ld  
acce le ra te  the  h y d ro ly sis  o f  the recovered  p ro te in . T he K oji fe r­
m ented ju ic e  was m ade into oyste r sauce, w hich  was accepted by the 
panel as be in g  eq u iv a len t in q u a lity  to co m m ercia l o y ste r sauces, 
R ecovery o f  p ro teins presen t in oyster w ash w'ater could be econom i­
ca lly  feasib le  in term s o f  th e ir  p o ten tia l u tiliza tio n , as w ell as the 
even tual reduction  o f organ ic  m atter in effluen t d isposal.

INTRODUCTION

O yster stocks contain some liquid inside the shell, 
which is lost im m ediately after shucking. When freshly 
shucked oysters are exposed to fresh water, they may 
absorb substantial quantities o f w ater and at the same 
time continue to bleed and thus lose more soluble solids 
[1, 2], O ysters are com m only processed  by external 
washing, shucking, blowing (washing oyster meat in an 
aeration tank), draining, and packaging. The shucking 
process produces a large amount of w'ash water which is 
discarded as w aste. This not only creates a pollu tion 
problem , but is also a resource waste.

R ecovery o f soluble solids from  w ash w ater for 
m arketable byproducts and/or ingredients may generate 
additional revenue to oyster processors and also reduce 
organic m atter in w ater to m eet the requirem ents of 
e fflu en t g u ide lines. U tiliza tion  o f clam  and oyster

Taper Received September 5. 1999. Revised O ctober 28, 1999. Accepted  
November 22. 1999. Author fo r  Correspondence: Chyuan-Yuan Shiau.
* Professor. Department o f  Fatui Science. National Taiwan Ocean University, 

Keehotg. Taiwan, R O C

processing  effluen t w astes has been accom plished . 
Com m ercial clam  ju ice  and dehydrated flavor ingredi­
ent have been p repared  and characterized  from  clam 
processing waste water [3, 4], Shiau and Chai [5] used 
a steam -jacketed kettle to concentrate oyster shucking 
liquid waste for production o f oyster soup. The mem­
brane p rocesses including u ltra filtra tion  and reverse 
osm osis are sim ple concentration  techniques w ith no 
heat treatment. They have been applied in food process­
ing including dairy products, fruit juices, egg white, soy 
proteins, enzym es, and other m aterials [6, 7J. Lin and 
Chiang [8] used a loose reverse osm osis m em brane to 
recover flavor com pounds from salted shrim p process­
ing waste water.

Fish sauce is com m only used as a food condim ent 
in A sian countries with about 400 m illion consum ers 
[9 j . Free am ino acids have been im plicated  as being 
responsible for the characteristic taste o f seafoods [10], 
Several researchers reported that free am ino acids were 
the m ost im portan t co n tribu to r to the flavo r o f fish 
sauce [9, 11], The purpose o f this study was to recover 
proteins from  oyster w ash w ater by u ltrafiltra tion , to 
convert the recovered  proteins into free am ino acids 
th ro u g h  fe rm e n ta tio n , and  fin a lly  to  p ro cess  the 
ferm ented m aterials into oyster sauce.

MATERIALS AND METHODS 

Sample Collection

O yster (C rassostrea  virg in ica)  w ash w ater was 
collected from a packing plant. The water samples were 
held in 20 L plastic  carboys and stored in ice during 
transport to the laboratory. The sam ples were stored in 
a cold room  (4°C) for fu rther processing and chem ical 
analyses w ithin 24 hr after collection.

Recovery of Protein by Ultrafiltration (UF)

A P ellicon  C asse tte  System  (M illip o re  C orp.,



C. Y. Shiau & T.J. Chai: Protein Recovered from Oyster Wash Water by Ultrafiltration and Their Utilization as Oyster Sauce 111

Bedford, MA; Mode! OM -141) was used to  concentrate 
oyster wash w ater to the desired  concentration . The 
solution that passed through the membrane was permeate, 
and the solu tion retained  by m em brane was reteníate 
(concentrate). The concentrate stream was recirculated 
back to the initial solution. A com m ercial polysulfone 
m em brane, PTGC (M illipore Corp.) with a 10,000 m o­
lecu lar w eight cu t-o ff (M W CO) was used. The total 
m embrane processing area was 4,645 cm 2. The process 
was operated at 10°C and 2.07 Bars (30 psi) pressure, 
and the in itia l flow  rate was 2.7 L /m in . F o r each 
experim ent, 20 L wash water was concentrated to 1 L on 
a batch basis. It took 4.3 hr to achieve concentration 
goal. At the end o f each p rocess, 0.5%  A lco n o x R 
detergent was used to clean the membrane at 35°C for 30 
inin. A fter com pleting the experim ent, the mem brane 
was thoroughly w ashed and stored in a 4% form alde­
hyde solu tion under refrigeration . The w ater quality 
ind icators and chem ical com position o f the perm eate 
and reteníate were determ ined to com pare with those of 
the initial feed water.

Fermentation Process

The UF reténtate was mixed with 12% salt (w/w, 
raw  m aterial) and incubated at 25°C for ferm entation 
w ith or w ithou t the add ition  o f 2% K oji m eal (rice 
inocu lated  w ith A sp erg illu s oryzae). Koji m eal was 
provided by a soy sauce com pany in T aipei, Taiw an. 
The pH value, VB-N, extractive-N, free amino acids and 
com bined  am ino acids were analyzed  during  the 5- 
m onth period o f ferm entation.

Preparation of Oyster Sauce

The UF reteníate were ferm ented at 25°C for 3 
m onths with rice Koji and then filtered through a stan­
dard No. 8 U.S. sieve  (2.38 m m  open ings) and the 
filtrates mixed with sugar (8% o f ferm ented ju ice), corn 
starch (5% ), wheat flour (3% ), m onosodium  glutam ate 
(0.1% ) and caram el (4% ) to make oyster sauce. The 
m ixture was packed into a 200 mL autoclavablc bottle 
and retorted at 121 °C, 1.05 kg/cm 2 (15 psi) for 15 min. 
The chem ical com position  and sensory evaluation  of 
final products N (w ithout Koji) and R (sample with rice 
Koji) were analyzed and compared to 3 m ajor represen­
tative com m ercial oyster sauces.

Chemical Analyses

I. Proximate composition

M oistu re , lip id , ash , and salt w ere determ ined  
according to AOAC methods [12]. Total nitrogen was

m easured by the K jeldahl m ethod. Extractive-N  was 
determ ined , after p rec ip ita ting  the pro teins w ith 7% 
trichloroacetic acid, by the K jeldahl method.

2. Chemical indices

The quality param eters o f  oyster liquors, includ­
ing pH value, total solids, total suspended solids (TSS), 
and chem ical oxygen dem and (COD) were determ ined 
according to the standard procedures of USEPA [131. 
V olatile basic nitrogen (VB-N) was measured using the 
m icrodiffusion technique o f Conway [14].

3. Free and combined amino acids

The determ inations o f  free and com bined am ino 
acids were according to the previous report [15], The 
sam ple was hom ogen ized  for 2 m in w ith the sam e 
volume o f pre-cooled 14% trichloroacetic acid (TCA) 
to precipitate the proteins. The homogenate was cen tri­
fuged (4000 x g) at 4°C for 10 min and the precipitate 
was extracted tw ice in the same way. An equal amount 
o f e ther was added to the ex trac ted  supernatan t for 
rem oving TCA. This extraction  was repeated succes­
sively 5 times. The aqueous solution was evaporated to 
dryness in a vacuum evaporator at a tem perature below 
40°C  and then d ilu ted  w ith w ater for am ino  acids 
analysis. Amino acids were measured with a LKB 4150 
automatic amino acid analyzer before and after hydroly­
sis of the extracts w ith 6 N HC1 at 110°C for 16 hr in an 
evacuated sealed tube. Am ino acids obtained w ithout 
pre-hydrolysis o f HC1 w’ere referred to as “free amino 
acids”. The difference between the value of amino acids 
with MCI hydrolysis and free amino acids were referred 
to as “com bined am ino acids”.

Sensory Evaluation

The sensory panel consisted o f 6 Chinese restau ­
rant chefs, 2 housew ives and 2 U niversity em ployees. 
They were fam iliar with the taste and arom a o f oyster 
and oyster sauce. Two experim ental oyster sauce prod­
ucts and 3 com m ercial p roducts were evaluated  fo r 
color, aroma, taste, oyster flavor intensity and overall 
acceptability according to the method used for sensory 
ev a lu a tio n  o f c lam  ju ic e  [4]. Each p a n e lis t was 
presented with 5 product sam ples, each in a plastic cup 
in a random  order. The sam ples w ere scored  on a 
7-point scale, with 1 designating “dislike very m uch”, 7 
being “like very m uch “ fo r color, arom a, taste  and 
overall acceptability . A 0-6 scale was used for rating 
o y ste r f la v o r in te n s ity : 0 = none at a ll, 1 = ju s t  
perceivable, 2 = mild, 3 = m ild-distinct, 4 = d istinct, 5 
= distinct-strong, and 6 = strong.
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Statistical Analysis

The results o f sensory evaluation were analyzed 
for significance by analysis o f variance (ANOVA) [16] 
and D uncan’s m ultiple range test.

RESULTS AND DISCUSSION

Clarification of Wash Water and Recovery of Proteins by 
Ultrafiltration

Since the m olecular w eight o f  the m ajor proteins 
in oyste r w ash w ater ranged from  20 to 28 KD [5J, 
an ultrafiltration m em brane with less than 20,000 m o­
lecular w eight cu t-o ff (M W CO) m ight be suitable for 
retain ing these proteins. Therefore, a 10,000 MW CO 
m em brane was selected for the UF process to recover 
proteins in wash w ater collected from  the oyster pack­
ing plant. The volume o f retentate after the UF process 
was 1/20 o f the initial volum e o f wash water.

The com parison  o f  chem ical changes in w ash 
w ater before  and after UF is show n in T able 1. As 
com pared to the feed wash water, the concentrations of 
to ta l suspended  so lids (T SS) and chem ical oxygen 
dem and (COD) in the perm eate were reduced by 98 and 
47% , respective ly . R eduction  o f the organic m atter 
concentration  in the perm eate could  reduce the trea t­
ment cost o f waste effluent from oyster shucking plants. 
A fter the UF process, total solids were increased from
0.58 to 4.03%  in the retentate and decreased to 0.38% in 
the perm eate . The co ncen tra tions o f  p ro te in -N  and 
ex tractive-N  in the retentate were 0.395 and 0.069% , 
respective ly . The p roxim ate com position  in the UF 
re te n ta te  w as rem ark ab ly  d if fe re n t from  th a t o f  
u n co n cen tra ted  w ash w ater. The co n ten t o f crude 
p ro te in  (to ta l-N  x  6 .25) accoun ted  fo r 70% o f to tal 
solids in the retentate, whereas only 3% was salt. About 
26% and 39% of total solids were salt and crude protein 
in unconcentrated wash w ater, respectively.

Salt had the lowest recovery, indicating most salt 
w ould pass through the m em brane into the perm eate. 
The recovery o f protein-N  was 91.36% , which was far 
greater than for other com ponents. Since only about 8. 
6% o f protein was lost in the perm eate stream s, the UF 
process w ith a 10,000 M W CO m em brane was a good 
m ethod for the recovery o f  pro teins from  oyster wash 
w ater. To u tiliz e  th ese  reco v ered  p ro te in s , o ther 
processes em ploying ferm entation were developed for 
the m anufacture of oyster sauce.

Fermentation of Recovered Proteins

Fermentation with mold cultures has been reported 
lo  rem ove and mask unpleasant flavors and fish odor of

Table 1. Comparison of components in oyster wash water, UF
retentate and permeate'

Parameter Wash water Retentateb Permeate

pH value 7.62 7.66 7.92
Total solids (%) 0.58 4.03 0.38
TSS (mg/L) 403 4,683 10
COD (mg/L) 1,320 19,200 700
VB-N (mg/100g) 0.85 1.90 0.66
Total-N (%) 0.036 0.464 0.012
Extractive-N (%) 0.014 0.069 0.010
Protein-N (%)c 0.022 0.395 0.002
Ash (%) 0.21 0.29 0.19
Salt (%) 0.15 0.13 0.15

a With a 10,000 MWCO membrane. 
b Retentate is 1/20 of the original volume. 
c The difference of total-N and extractive-N.

enzym atic protein hydrolysates o f aquatic source foods 
[17]. T his study  em ployed  A sp erg illu s  oryzae  for 
ferm entation; this organism  is widely em ployed in food 
in d u stry  fo r  v a rio u s  fe rm e n ta tio n s . It p ro d u ces 
p ro teo ly tic  and am ylolytic enzym es [18, 19] and has 
advantages over m any o ther m icrobial ferm enta tion  
organism s.

To find the optim al salt concentration to prevent 
spoilage o f the ferm entation  m ixture, salt concen tra­
tions ranging from 0 to 16% were added to the retentate 
and incubated for 12 days. The results (data not shown) 
indicated that 12% salt prevented spoilage of the prod­
ucts during  ferm enta tion . T herefo re , 12% salt was 
added to the UF retentate which was incubated at 25°C 
w ith  and w ith o u t th e  a d d itio n  o f  2% K oji fo r 
ferm entation . Koji has been used for p roducing soy 
sauce and ferm ented soybean pastes (m iso) in oriental 
countries for a long time [20].

Changes in pH Value, VB-N and Extractive-N during 
Fermentation

The pH value was sharply decreased in the early 
stage o f ferm entation and then gradually decreased after 
the first m onth o f ferm entation (Fig. 1). Some acids 
might be produced in the ferm entation process resulting 
in the drop o f pH value. Volatile acids such as acetic, 
p ropionic , bu tyric , valeric and lactic acid have been 
identified  in fish  sauce [21], The drop degree o f pH 
value in the rice Koji sample was found higher than the 
contro l treatm ent. VB-N gradually  increased  in the 
sam ples during ferm entation (Fig. 1) and increased with 
time. The increase in pH value of the Koji sample might 
be due to the increase  in VB-N. The ex trac tiv e-N  
increased as ferm entation  progressed, suggesting that
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Fig. 1. Changes of pH value, VB-N and extractive-N in UF retentate with 
the addition o f rice koji during fermentation at 25°C.
-0-, control group; #  , with koji.

proteins were hydrolyzed by enzym es into extractive 
nitrogenous com pounds. A higher level o f extractive-N  
was found in Koji sample. The addition o f Koji to the 
UF retentate apparently accelerated protein hydrolysis 
as com pared to the control sample.

The changes in pH value, VB-N and extractive-N  
during the course o f ferm entation indicated that the rate 
o f protein hydrolysis o f the UF retentate with addition 
o f Koji was faster than that w ithout Koji. A pparently,

ferm entation w ith Koji could reduce the p rocessing  
time. A rapid increase in protein digestion in the early 
fermentation stage was observed, and the rate decreased 
after the first m onth incubation . The Koji enzym es 
m ight have been inhibited  by end products o f  the fer­
m entation process, resu lting  in reduction  o f  enzym e 
activity after prolonged incubation.

Changes in Free and Combined Amino Acids during 
Fermentation

The changes o f  the profile  and quantity  o f  free 
am ino acids (FA A ) after ferm entation  are show n in 
T able 2. The FAA pro file  o f  the UF re ten ta te  was 
similar to that o f wash water [2], The predominant FAA 
were taurine, a lan ine, g lu tam ic acid, g lycine and ß- 
alanine. The profile and quantity of FAA in the retentate 
show ed no rem arkable d ifference from  those o f two 
non-fermented samples. The FAA originated from Koji 
resulted in a higher level o f the total FAA in Koji sample 
than that in natural sam ple w ithout Koji.

T he to ta l am o u n t o f  FA A  in c re a se d  a f te r  
fermentation. In natural sample the total FAA increased 
from 57 to 250 m g/100 g after 3 m onths ferm entation. 
In Koji ferm ented product, the total FAA content was 
841 m g/100 g, w hich was 12 tim es h igher than non­
ferm ented sample. The m agnitude o f FAA increase in 
the Koji ferm ented product was 3.4 times higher than 
that o f natural sam ple, indicating that the ferm entation 
process with Koji accelerated the hydrolysis o f proteins 
resulting in an increase o f FAA.

The FAA p ro file  also  had a great change after 
fermentation. As compared to the non-fermented sample, 
the concentration o f all individual FAA except taurine 
sign ifican tly  increased  in both ferm ented  p roducts. 
Taurine was not a constituen t am ino acid o f  protein
[22], and therefore, the hydrolysis o f protein would not 
produce tau rine . A spartic  acid , th reo n in e , v a line , 
leucine, isoleucine and phenylalanine, the m inor FAA 
in the re ten tta te , had a h igher rate of increase after 
ferm entation than glutam ic acid, g lycine, alanine, ß- 
alanine and ornithine, the m ajor FAA in the retentate. 
The increased concentrations of j3-alanine and ornithine 
were much lower than those of other FAA. M ethionine 
and tyrosine, not detected in the non-fermented samples, 
were found in the ferm ented products.

Com bined am ino acids (CAA) were proposed as 
am ino acid constituen ts o f  sm all m olecular peptides
[23]. Table 3 shows changes in CAA after fermentation. 
Like FAA, CAA in Koji sample was higher than that in 
natu ral sam ple. The CAA p ro file  o f re ten ta te  was 
dif fe ren t  from  tha t of w ash water .  The p red o m in an t  
CAA in wash w ater were glutam ic acid, g lycine, and 
alanine, which together accounted for 54% o f the total
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Table 2. Changes in free amino acids (mg/100g) of UF retentate 
before and after fermentation at 25°C

Amino acid Retentate NaturaP Koji"

0-Time 3-Month 0-Time 3-Month

Taurine 20.74 18.21 17.29 16.94 14.88
Aspartic acid 2.45 2.21 24.39 3.56 98.55
Threonine 0.69 1.01 10.43 2.00 41.08
Serine LOI 0.99 1.72 1.90 33.60
Glutamic acid 8.76 7.96 41.75 9.83 130.52
Glutamine C — — — —

Proline 2.58 2.30 15.26 3.28 27.28
Glycine 3.72 3.08 14.04 3.58 34.69
Alanine 8.58 7.64 21.20 7.49 57.38
Valine 0.63 0.71 13.52 2.17 51.73
Methionine — — 2.55 — 0.45
Isoleucine 0.45 0.49 11.91 1.80 43.56
Leucine 0.44 0.66 18.36 2.37 64.54
Tyrosine — — 1.88 — 35.86
Phenylalanine 0.38 0.61 9.47 1.50 38.55
/Lalanine 3.02 3.78 4.48 3.51 6.86
Ornithine 2.71 2.69 13.05 2.93 24.23
Lysine 2.45 2.57 21.22 2.42 54.26
Histidine 0.80 0.81 4.67 0.97 21.36
Arginine 1.86 1.70 2.22 2.04 50.61
Total 61.24 57.42 249.51 68.29 840.99

'' Ultrafiltrated retentate contained 12% NaCl.
* Retentate contained 12% NaCl and 2% rice Koji. 
c Not detectable or trace.

CAA. However, these CAA found in the retentate only 
accounted for 37%. This indicated that the u ltrafiltra­
tion process changed the CAA profile o f wash water. In 
addition, the ratio o f CAA to the sum of CAA and FAA 
in the re ten ta te  was m uch h ig h er than that o f  wash 
water, showing that the retentate consisted o f a higher 
proportion of peptide am ino acids after the u ltrafiltra­
tion process.

CAA increased after ferm entation, but the rate of 
increase was lower than that for FAA. The total amount 
o f FAA in the Koji ferm ented product was 2.5 tim es 
higher than that o f the natural ferm ented product. The 
increases in concen tration  o f  aspartic  acid , leucine, 
iso leucine , lysine, and h istid ine w ere the only com ­
pounds with decreased levels after ferm entation.

Quality o f Oyster Sauce Products

The chem ical com position  o f  tw o experim ental 
oyster sauces and three com m ercial products are shown 
in T able 4. The com position of d ifferent com m ercial 
products was varied. The moisture content ranged from 
4(1 <2 to 75.47% . crude protein from 2.25 to 13.13%,

Table 3. Changes in combined amino acids (mg/l(H) g) of UF 
retentate before and after fermentation at 25°C

Amino acid Retentate NaturaP Kojib

0-Time 3-Month 0-Time 3-Month

Taurine C — — — —

Aspartic acid 5.23 4.71 5.99 4.18 21.03
Threonine 3.35 2.47 4.30 2.27 9.18
Serine 2.12 2.32 1.96 2.06 7.04
Glutamic acid 7.51 6.82 11.87 6.95 14.87
Glutamine — _ _ — — —

Proline 0.88 — 0.07 2.06 —

Glycine 3.34 3.10 6.50 3.69 17.52
Alanine 1.64 1.52 3.73 1.46 1.55
Valine 1.31 1.20 2.57 1.40 8.42
Isoleucine 0.77 0.95 2.00 1.15 6.22
Leucine 1.51 1.26 1.90 1.26 8.33
Phenylalanine — — 5.91 — 2.47
/Lalanine 0.85 0.86 1.89 0.82 1.35
Ornithine 0.92 0.88 1.72 0.93 1.91
Lysine 1.41 1.61 2.26 1.19 12.86
Histidine 1.26 1.22 0.97 0.93 8.53
Arginine 1.55 1.41 — 2.91 —
Total 33.65 30.03 53.64 33.26 121.28

J Ultrafiltraled retentate contained 12% NaCl. 
b Retentate contained 12% NaCl and 2% rice Koji. 
c Not detectable or trace.

and salt from 4.82 to 10.36%. The great variation in the 
production o f oyster sauce had a variety o f  procedures 
and added ingredients.

The levels o f total-N  [24] and ex tractive-N  [21] 
have been used as the quality indices for fish sauce. The 
experim ental products N and R had a low er level o f 
total-N  than the com m ercial products C2 and C3, but 
higher than C l. The extractive-N  in com m ercial prod­
ucts was also higher than that o f experim ental products. 
It is common practice for oyster sauce m anufacturers to 
add a rtific ia l flavor enhancers such as M SG to their 
products, so that a higher level o f  extractive-N  would be 
found in the products. The level o f VB-N in 5 samples 
ranging from 11.78 to 28.54 mg/100 g, was much lower 
than that o f o ther ferm ented seafood products, w hich 
usually contain a very high level o f  VB-N [21].

All sam ples had higher salt conten t than that of 
common foods. A high concentration o f salt was added 
to oyster sauce to inhibit the growth of m icroorganism s 
during processing  and storage [10,21]. In addition , 
preservatives, such as sodium benzoate as shown on the 
label, were present in com m ercial products.

Sensory evaluation data for 2 experim ental oyster 
sauces (N and R) and 3 com m ercial products (C l, C2 
and C3) from 10 panelists are shown in Table 5. Signifi-
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Table 5. Sensory evaluation of oyster sauce products

Attribute C l* C2 C3 N R

Color
Aroma
Taste
Oyster flavor intensity 
Overall acceptability

5.30+1.16“ 
4,9011.73" 
4.6011.78" 
4.50±0.86b 
4.7011.77^

5.6010.97“ 
5 .0011.16b 
5.3011.57“" 
5.60+1.22“ 
5 .4011.27b

6.2011.14“ 
6.1011.45“ 
6.20+0.92“ 
4.6011.12b 
6.5010.71“

5.00±0.82b
3.50K).97‘
4.IO±1.73h
4.70+L14b
4.101L261'

5.40+0.07“
4.6011.08"
4.2011.03"
4.2011.06"
4 .5 0 i l . l8 bc

* C 1-C3 were commercial oyster sauces. Experimental products were made from 3-month fermented UF retentate: N, w ithout 
Koji; R, with rice Koji.

a-c Sensory scores means with the same superscript letter in a row did not vary significantly (p>0.05) from each other (n=10 
panelists). Hedonic scale = 7, “like very much”, and 1, “dislike very much”. For oyster flavor intensity, 0, none at all, and 
6, strong.

Table 4. Chemical composition of oyster sauce products

CU C2 C3 N" R

pH value 4.99 4.56 5.20 5.31 4.82
Moisture (%) 67.46 75.47 40.32 69.68 69.21
Total-N (%) 0.36 2.10 1.52 0.37 0.42
Extractive-N (%) 0.23 1.05 1.29 0.07 0.15
Lipid (%) 0.53 4.29 2.15 ___C -
Ash (%) 10.11 5.60 11.94 9.99 10.10
Salt (%) 9.28 4.82 7.91 9.15 9.46
VB-N (mg/100g) 24.20 28.42 14.70 11.78 19.27

a C 1-C3 are commercial oyster sauces. 
b Experim ental products were made from  ultrafiltrated 

retentate fermented at 25°C for 3 months without Koji (N) 
and with rice Koji (R). 

c Not determined.

cant d ifference (p < 0.05) was found in color, arom a, 
taste and acceptability. On the other hand, experimental 
product N was rated lowest. A lthough product C2 con­
tained more protein than C3 (Table 4), its sensory score 
was low er than C3. However, extractive-N  in product 
C3 was higher than C2. This might be the reason why 
product C3 was more acceptable than C2. No sign ifi­
cant d ifference (p > 0 .05) o f  color, arom a, taste and 
overall acceptability was found between product R, C l 
and C2, indicating that the experim ental products made 
from  the Koji ferm ented oyster wash w ater could be 
accepted by the panelists as com m ercial oyster sauces.
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