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Pacific whiting and its by-products were good raw materials for high quality 

fish sauce production. Heat stable and salt activated enzymes were responsible for 

autolytic activity in Pacific whiting and by-products. According to temperature 

profiles of raw materials at various salt concentrations, two fermentation 

temperatures, 350C and 50oC, were selected and compared at 25% salt under static 

atmospheric condition. Higher yields and faster production rate were obtained 

from samples incubated at 50oC. Therefore, the apparent optimum condition for 

fish sauce fermentation using Pacific whiting and its by-products was at 50oC with 

25% salt under static atmospheric condition. All physicochemical characteristics, 

except color and browning color, reached the level of commercial fish sauce within 

20 days. Nitrogen contents in all samples reached the level of commercial fish 

sauce (16.3 g-N/mL) within 112 days. Predominant microorganisms found during 

fermentation were Staphylococcus, Bacillus and Micrococcus.   Alpha-amino acid 



content appeared to be identified as a good parameter to estimate total nitrogen 

content during fermentation (adjusted R =0.84). Soluble solid was a good index 

for protein degradation in fermentation (adjusted R =0.71). 

Proteolytic activity in Pacific whiting and its by-products were investigated 

using hemoglobin as substrate. Specific substrates and specific inhibitors were also 

used to classify the types of enzymes responsible for protein degradation in fish 

sauce fermentation. Serine proteases, cathepsin L-like enzymes and 

metalloproteases were active at 50oC in whole fish. However, trypsin-like 

enzymes, and cathepsin L-like enzymes were responsible for protein degradation in 

by-products at 50oC. At 35°, whole fish was degraded by serine proteases, 

cathepsin B-like enzymes, trypsin-like enzymes, and metalloproteases. Cysteine 

proteases were mainly responsible for the degradation of proteins in by-products, 

and serine proteases and trypsin-like enzymes had a minor role in hydrolyzing of 

by-products during fermentation. 
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FISH SAUCE: THE ALTERNATIVE SOLUTION FOR PACIFIC WHITING 
AND ITS BY-PRODUCTS 

Chapter 1 

INTRODUCTION 

Fermented fishery products have been consumed since ancient times. 

Garum, Roman fermented fish sauce, which was made from the viscera and blood 

of mackerel and valued very highly at that time, had been reported by Badham 

(1854). According to Beddows et al. (1976) and Beddows (1985), mackerel blood 

coagulated very rapidly under high salinity and it was broken down slowly by 

halotolerant enzymes from viscera. After a 9-month fermentation period, Garum 

was obtained as clear brown liquid drained out from the fermentation tank and the 

unhydrolyzed tissue in the fermentation tank was used to produce fish paste called 

Alec (Beddows, 1985). 

During the ancient Greek period, blood and viscera of Tunny fish were used 

to produce fish sauce called Aimeteon. Garos was another fish sauce made from 

liver of Scomber colias in Greece (Kelaiditis, 1949). The production of Garos was 

very quick because of high concentration of proteolytic enzymes in liver. Botargue 

and Ootarides were other kinds of fish sauce still produced in Italy and southern 

Greece in the 19* century (Badham, 1854). 



In Southeast Asia, the production of fish sauce is not limited to a domestic 

scale like in Europe. Fish sauce production in Southeast Asia has extended to an 

international scale each year, especially in Thailand. Fish sauce is very popular 

among Southeast Asian countries and Asian people in the western world. It is 

known by different names depending on the country: Budu in Malaysia; Patis in 

Philippines; Kecap-ikan in Indonesia; Ngam-ya-ye in Burma; Nouc-mam in 

Cambodia and Vietnam; Nampla in Thailand; Shottsuru in Japan, Colombo-cure in 

India and Pakistan; Yeesui in China; and Aek-jeot in Korea (Beddows, 1985; 

Saistithi et al., 1966). In Thailand, fish sauce is classified into 3 types by the Thai 

Public Health Ministry. They are pure fish sauce, hydrolyzed fish sauce, and 

diluted fish sauce based on the production process (Wilaipun, 1990). Pure fish 

sauce is derived from fresh fish or fish residue from former fermentation extracted 

with saturated brine. Hydrolyzed fish sauce can be obtained from the hydrolysis of 

fish or other animals with hydrochloric acid (HC1) or other hydrolyzing processes 

that are accepted by the Thai Public Health Ministry. Diluted-fish sauce can be 

produced from pure fish sauce or hydrolyzed fish sauce diluted with non-hazardous 

additives or flavoring agents. 

Fish sauce is a clear brown liquid and has a salty taste and fishy flavor. 

Generally, the conventional method employed to produce fish sauce in Thailand, 

Korea, Indonesia and other countries in Asia was keeping salted whole small fish 

such as sardine in under-ground concrete tank or earth-ware for 9 to 12 months for 

complete hydrolysis through fermentation (Jay, 1996; Wilaipun, 1990). Fish sauce 



has been used as a condiment and an important ingredient in Southeast Asia 

cooking. In addition, fish sauce was also a rich source of essential amino acids 

especially lysine. Many vitamins and mineral were also found in fish sauce 

(Wilaipun, 1990). Fish sauce was a very good source of vitamin B12 and many 

minerals such as sodium (Na), calcium (Ca), magnesium (Mg), iron (Fe), 

manganese (Mn) and phosphorus (P) (Wilaipun, 1990). The nutritive value offish 

sauce was limited due to higher salt concentrations (Van Veen, 1965). 



Research Objectives 

The overall objectives of this study were to characterize the enzymatic and 

microbiological degradation offish proteins in high salt concentrations and to 

determine potentials of making high quality fish sauce from Pacific whiting and its 

by-products. Physicochemical properties of fish sauce were measured and 

compared with commercially available anchovy fish sauce. The specific objectives 

were identified as follows: 

1) Determine optimum fermentation conditions for fish sauce development 

using Pacific whiting and its by-products 

2) Determine the physicochemical changes during fish sauce fermentation 

3) Develop the processing parameter for monitoring quality and changes 

during fish sauce fermentation 

4) Determine the autolytic enzymes responsible for fish sauce production in 

Pacific whiting and its by-products 



Literature Review 

Fish sauce processing 

Fish sauce is produced due to physical, chemical, and microbiological 

changes occurred at high salt concentration and low oxygen supply. Fish and salt 

are two major raw materials for fish sauce production. Generally, mixing fish and 

salt is the first step in making fish sauce. The ratio of fish and salt varies from 6:1 

to 2:1 depending on countries (Beddows, 1985). Other details in fish sauce 

manufacturing among fish sauce producing countries are different but the common 

goal are to maintain the proper fermentation conditions, high salinity and low 

oxygen level and to produce desirable fish sauce for a specific groups of 

consumers. 

Traditional Nouc-mam processing was reviewed by Beddows (1985) and 

Van Veen (1965). The fish were caught, kneaded, and pressed by hand and then 

placed in layers with salt in an approximate ratio of 3:1 (fish : salt) in clay jars that 

were almost buried in the ground. Shrimp could be used instead of fish but it was 

not popular (Truong Van Chom, 1951). The containers were closed tightly and left 

for several months. The bloody liquid (Nuoc-boi) was drained off the fermentation 

tank at the initial stage of fermentation after about 3 days (Beddows, 1985; Van 

Veen, 1965). The supernatant liquid was decanted from set fermentation vessels 

carefully. Today this traditional method is still used in rural area of Vietnam. 

However, most of Nouc-mam imported to the United State of America is produced 

in Thailand. For small fish, fermentation time was around 6 months and it would 



extend to 18 months if larger fish was used (Rose, 1918a,b,c). The first 

supernatant collected from the first fermentation cycle was referred to as primary or 

high quality Nouc-mam or Nuoc-Nhut (Beddows, 1985). After that, boiling brine 

was added into the fermentation tank to extract more Nouc-mam. It was then 

referred as secondary or low quality Nouc-mam. The Nouc-mam extracted by 

boiling brine had a short shelf life because of low salt content and high pH value. 

Some additives such as caramel, molasses, roasted maize, or roasted barley, could 

be added to fish before the second extracting cycle to improve the color of products 

(Rose, 1918a,b, 1928; Mesnard and Rose, 1920). Instead of using some additives, 

mixing high quality Nouc-mam with lower quality Nouc-mam enhanced the color 

and flavor of low quality Nouc-mam (Beddows, 1985). 

Recently, Nampla, Thai fish sauce has become popular among western 

consumers especially in the USA. Thailand is a leading fish sauce producer in the 

world market. The fish sauce industry in Thailand has been extended from 

domestic scale to an international scale over the last 50 years. Because of the 

different culture and appetite of Thai consumers, Nampla processing is quite 

different from Nouc-mam processing. According to Wilaipun (1990), Nampla 

production started with cleaning fresh fish with cold water to remove impurities 

and reduce load of microorganisms in raw materials. Generally, cleaned fish was 

then mixed with salt in the ratio 2:1 or 3:1 (fish:salt) (w/w), depending on the area 

of production. Then salted fish was transferred to the fermentation tank where 

bamboo mats had been laid on the bottom of the tank.  Another layer of bamboo 



mats was applied on the top of fish and loaded with heavy weights to keep fish 

under the brine, which exuded from fish, during the fermentation period. Brine will 

be over fish within the first week of fermentation. After 12-18 months of 

fermentation, the first supernatant was decanted from the fermentation tank to the 

ripening tank. After 2 to 12 weeks of ripening period, first grade Nampla was 

obtained (Saisithi et al., 1966). As in the production of low quality Nouc-mam, 

second grade and low quality Nampla can be produced in the same manner as low 

quality Nouc-mam. In Thailand, BX-water™ or Mikei-water™ was applied to 

improve the quality of low grade Nampla (Beddows et al., 1979a,b, c; Van Veen, 

1965). BX-water™ or Meiki-water™ is the by-product from monosodium 

glutamate (MSG) production. It is a rich source of glutamic acid. These by- 

products improve the nitrogen (N) content in low quality Nampla to meet the 

requirement set by the Thai Industrial Standard Institute. Caramel color and other 

additives which are not harmful for consumers are also added to improve color and 

flavor qualities of low grade Nampla. The production scheme of Nampla is shown 

in Figure 1.1. 

In northeastern states of Malaysia, Budu, similar to Nouc-mam and Nampla, 

was produced (Van Veen, 1965). Budu was not as popular as Thailand or 

Vietnam. The changes occurring during Budu production were investigated by 

Beddows et al. (1979a). Usually, Budu was produced from unused portions offish 

that could not be dried or when the weather was not suitable for drying fish (Van 

Veen, 1965). Small fish were mixed with salt in the ratio 3:2 (fish:salt) (w/w). The 



salted fish were loaded into a circular concrete tank (approximately 0.9 m dia. x 1 

m deep) and covered with a plastic sheet. Because of the higher salt concentration 

in Budu, the rate of fermentation and end products would be different from Nouc- 

mam and Nampla (Beddows, 1985). After the 3-12-months of fermentation, the 

pickle was picked up at irregular intervals and mixed with tamarind and 

caramelized palm sugar. This sweetened product had a darker appearance than 

Nampla and Nouc-mam (Van Veen, 1965). 

Other types of fish sauce have been produced all around the Asian 

continent. In the Philippines, Patis was produced by fermenting sardines, 

anchovies, ambassids, and shrimp (Van Veen, 1965). In Japan, fish sauce, 

Shottsuru and other kinds of Japanese fish sauce such as Shiokara could be 

prepared from sardines, cuttle fish, herring or fish waste materials (Shimo, 1951). 

Many traditional fish sauce production procedures are listed in Table 1.1. 

Table 1.1. Methods and types of fish used in fish sauce production in various 
countries (adapted from Beddows, 1985) 

Country Name Fish species Method (fish:salt) 
and time of 

fermentation 
Japan Shottsuru 

Uwo-shoyu 
Ika-shoyu 

Astroscopus japanicus (sandfish) 
Clupea pilchardus (sardine) 
Omnastrephis sloani (squid) 
Omnastrephis pacificus (squid) 

5:1 salt+malted rice 
andkoji(3:l) 
added; 6 months 

Korea Aek-jeot Stolephorus spp. (Anchovy) Salt 4:1; 6 months 



Table 1.1. (Continued) 

Country Name Fish species Method (fish:salt) 
and time of 

fermentation 
Cambo- 
dia 

Nouc-mam 

Nouc-mam- 
gau-ca 

Stolephorus spp. 
Ristrelliger spp. 
Engraulis spp. 
Decapterus spp. 
Dorosoma spp. 
Clupea spp. 
Clarius spp. 
Ophicephalus spp. 

3:1-3:2 salt; 3-2 
months 

Thailand Nampla Stolephorus spp. 
Ristrelliger spp. 
Cirrhinus spp. 

5:1-1:1 salt; 5-12 
months 

Malaysia Budu Stolephorus spp. 5:1-3:1 salt+palm 
sugar and tamarind; 
3-12 months 

Mianma Ngapi (No report available) 5:1 salt; 3-5 months 
Philip- 
pines 

Patis Stolephorus spp. 
Clupea sp. 
Decapterus pp. 
Leionathus spp. 

3:1-4;1 salt; 3-12 
months 

Indone- 
sia 

Ketjap-Ikan Stolephorus spp. 
Clupea spp. 
Leiagnathus spp. 
Osteochilus spp 
Puntius spp. 
Ctenops spp. 

6:1 salt; 6 months 

India 
and 
Pakistan 

Colombo- 
cure 

Ristelliger spp. 
Cybium spp. 
Clupea spp. 

Gutted fish with gills 
removed and 
tamarind added 6:1 
salt;up to 12 months 

Hong 
Kong 

Yeesui Sardinella spp. 
Jelio spp. 
Carangidae sp. 
Engraulis pupapa 
Teuthis spp. 

4:1 salt; 3-12 months 



Table 1.1. (Continued) 

10 

Country Name Fish species Method (fish: salt) 
and time of 

fermentation 
Greece Garos Scomber colias Liver only 9:1 salt; 

8 days 
France Pissala 

Anchovy 

Aphya pellucida 
Gobius spp. 
Engraulis spp. 
Atherina spp. 
Meletta spp. 
Engraulis encrasicholus 

4:1 salt; 2-8 weeks 
(depending on size) 

beheaded and 
gutted fish 2:1 salt; 
6-7 months 
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Fresh water fish or marine fish 

Mixing with salt (2:1 or 3:1) (fish: salt)(w/w) 

I 
Fermentation (12-18 months) 

I 
Filtering 

Raw 
fish sauce 

I 
Ripening 
Under sun 
2-4 weeks 

Top grade 
Fish sauce 

t 
Fish residue 

saturated brine. I 
Fermentation 
1-4 months 

Filtering 

r    n 
Second grade 
fish sauce 

Fish residue 

Saturated brine 

Boiling and 
filtering 

Caramel or 
additives I 

Third grade fish 
sauce 

Figure 1.1. Traditional Nampla production scheme (Wilaipan,1990) 



12 

Factors affecting fish sauce quality 

There are five major factors influencing fish sauce quality: fish species, salt 

types, the ratio of fish and salt, minor ingredients, and fermentation condition. 

Primary raw materials used in fish sauce production are fish and salt. Fish serves 

as a substrate for both enzymatic and microbial reactions in fish sauce fermentation. 

Salt selects the types of microorganisms and retards or kills some pathogenic 

microbes during the fermentation. Also, the amount of oxygen present in the 

fermentation tank controls the quality. Low oxygen levels in the fermentation tank 

has a synergistic effect with salt on selecting microorganisms in the process. In 

addition to fish, salt and oxygen level, the ratio offish and salt is very important for 

fish sauce quality. Different amount of salt would have a different effect on various 

enzymes from fish which are playing an important role in protein degradation 

during fermentation (Oregana and Listen, 1982). A certain aspect of fish sauce 

quality for a specific group of consumers can be adjusted using food additives. 

Budu has dark color and is preferred by Malaysians, but not by Thai consumers. 

Types of fish used in fish sauce are varied from country to county. This 

factor affects the nutritional quality of fish sauce especially in its nitrogen content 

of final product. Various kinds of fish used in fish sauce production are listed in 

Table 1.1. Fish serves as the protein source of microorganisms and enzymes 

which will degrade proteins to small peptides and amino acids. Proteins are highly 

complex polymers made of up to 20 amino acids (Damodaran, 1996). Most of 

proteins in fish turn into small peptides and amino acids except stroma protein such 
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as connective tissue during fermentation. Small peptides, free amino acids, and 

trimethylamine (TMA) contributed to a cheesy note in fish sauce (Dougan and 

Howard, 1975). Dougan and Howard (1975) described a cheesy aroma in Nampla 

and Nouc-mam caused by low molecular weight volatile fatty acids especially 

ethanoic and n-butanoic acids. Fatty acids found in fish are different among fish 

species. Unsaturated fatty acids made up to 40% of lipid in fish (Opstvedt, 1984). 

Because of high content of unsaturated fatty acids in fish, fish oil was easily 

oxidized. Since unsaturated lipid deposited in dark muscle, dark muscle fish could 

produce high quality fish sauce (Opstvedt, 1984). Minerals and vitamins, 

presenting in fish, also contributed to nutritive value of fish sauce. Major minerals 

in fish were 

Table 1.2. Nutritional compositions of different fish used in fish sauce production 
(Wilaipun, 1990) 

Nutritional 
compositions 

Unit Fish type 

Stolephorus spp. Ristrelliger spp. Clupea spp. 
Protein gram 18.00 20.00 20.20 
Fat/Lipid gram 0.30 6.70 4.30 
Carbohydrate gram 0.00 0.00 - 

Water gram 80.50 72.00 74.40 
Fiber gram 0.10 - 0.10 
Calcium mg. 218.00 170.00 4.00 
Phosphorus mg. 211.00 60.00 175.00 
Iron mg. 1.70 11.90 2.00 
Vitamin A IU 139.00 138.00 195.00 
Vitamin B, mg. 0.02 0.03 0.12 
Vitamin Bj mg. 0.04 0.62 0.05 
Niacin mg. 0.60 9.20 3.00 

Note: All values in this table base on 100 g of samples. 
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potassium (K), phosphorus (P), sulfur (S), sodium (Na), magnesium (Mg), calcium 

(Ca), iron (Fe) etc. Water soluble vitamins such as vitamin C (ascorbic acid), 

thiamin, riboflavin, niacin, vitamin B6 and vitamin B12 were also found in fish sauce 

(Wilaipun, 1990). Nutritional compositions in some fish, used in fish sauce 

production, are listed in Table 1.2. In addition to the chemical compositions of 

fish, microorganisms in fish were very important to the quality of fish sauce. 

Season, location, transportation, types offish, storage, and catching methods caused 

the differences in microorganisms in fish. Microorganisms found in fish and 

seafood are shown in Table 1.3. In fresh marine fish, there were about 102-107 

cells/cm2 on mucus on fish skin and about 103-109 cells/gram in fish intestine 

(Wilaipun, 1990). Spoilage microorganisms such as Escerichia sp., Serratia sp., 

Pseudomonas sp. and Clostridium sp. grew effectively because fish flesh served as 

a source of amino acids and additional nutrients produced by autolysis (Jay, 1996). 

Some volatile compounds were noted as spoilage indicators such as the reduction 

of trimethylamine-N-oxide (TMAO) to TMA (Jay, 1996). Histamine toxisis 

(Scombroid poisoning) was caused by ingestion of high level of free histidine in 

fish tissue (Sanceda, 1996). Fermented fishery products contained a high histamine 

content particularly when scombroid fish were used as a raw-material (Fardiaz and 

Markakis, 1979). Histidine in fish muscle was the major source of free histamine 

in fermented products. Histamine stimulated the heart, caused contraction and 

relaxation of extravascular smooth muscle in small intestine, and also stimulated 

the secretion of gastric acid (Soil and Wollin, 1977).   Many halophiles such as 
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Photobacterium phosphoreum, Photobacterium histaminum sp. nov.. 

Enter obacteriaceae, Proteus morganii {Morganella morganii), Klebsiella 

pneumoniae, Citrobacter freundii, Enterobacter cloacae, Hqfhia alvei and 

Escherichia coli could produce histidine decarboxylase (Fujii et al, 1994). 

Controlling of histamine formation could be conducted by lowering temperature 

storage and hygienic practices (Stratton, 1991). 

Salt is the other major ingredient in fish sauce production. Both sea salt 

and rock salt are composed of sodium chloride (NaCl) as the major component. 

Salt usually used in fish sauce industry is sea salt because of its easy availability. 

In Thai sea salt, sodium chloride was 88.26+2.79% while salt from other countries 

had a higher NaCl content (~97%) (Wilaipun, 1990). Other elements in sea salt 

were calcium sulfate (CaSO^ 0.24%, magnesium sulfate (MgS04) 0.17%, 

magnesium chloride (MgC^) 0.3%, calcium chloride (CaC^) 0.24%, water 

insoluble substance 0.4% and water 2.4% (Suwanik, 

Table 1.3. Genera of bacteria most frequently found on fish and fishery products 
(Jay, 1996) 

Genus Gram reaction Frequency 
Acinetobacter - X 

Aeromonas - X 

Alcaligenes - X 

Bacillus + X 

Corynebacterium + X 

Enterobacter - X 

Note: x = known to occur; xx = most frequently reported 
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Table 1.3. (Continued) 

Genus Gram reaction Frequency 
Enterococcus + X 

Escherichia - X 

Flavobacterium - X 

Lactobacillus + X 

Listeria + X 

Microbacterium + X 

Moraxella + X 

Psychrobacter - X 

Shewanella - XX 

Vibrio - X 

Pseudomonas - XX 

Note: x = known to occur; xx = most frequently reported 

1978). Mg2+, Ca2+, SO42' and other impurities retarded the diffusion of NaCl into 

fish flesh (Wilaipun, 1990). A slow diffusion rate can cause spoilage. Heavy metal 

ion content in salt increased the oxidation rate of fatty acids in fish oil and lowered 

the quality offish sauce (Wilaipun, 1990). Halobacterium sp., Halococcus sp., and 

Serratia salinaria were usually found in sea salt (Horie and Hinago, 1974). Jay 

(1996) reported the effects of salt on microorganisms. Osmotic effects killed or 

retarded microbes because of plasmolysis of microbial cells. Lowering water 

activity (Aw) caused longer length of lag phase (Jay, 1996). Na+ and Cl" interrupted 

transferring acyl group in some bacteria. In a very high ionic strength environment, 

enzymes were denatured and inactivated. Metabolism in bacteria cells could not 

function properly or totally stopped. Some bacteria were more sensitive to carbon 

dioxide in a high salt concentration environment than a low salt concentration 
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environment. Oxygen could not dissolved in a high salt concentration effectively; 

therefore, anaerobic conditions are provided to microorganisms in the bottom of 

fish sauce fermentation tank. 

The fish and salt ratio is another factor affecting fish sauce quality. In 

different countries, the ratio of fish to salt is varied depending on the type of fish 

sauce. For the Japanese fish sauce (Shottsuru) the ratio of fish and salt was about 

5:1 (Beddows, 1985). Korean fish sauce producers used the 4:1 ratio to produce 

Korean fish sauce (Beddows, 1985). Nampla was made from the ratio 5:1 to 1:1. 

The recipes for making fish sauce in many countries were shown in Table 1.1. 

Generally, fish and salt ratio would be varied depending on the size of fish used in 

the production (Wilaipun, 1990). At different salt concentrations, bacterial and 

enzymatic activities were changed, and altering flavors of fish sauce. Salt content 

determined the types of active microorganisms during fermentation. Various 

metabolic products from different microorganisms affected the quality of fish 

sauce. 

The oxygen level affected the quality of fish sauce. On the surface of the 

fermentation tank, the oxygen content is quite high but under the liquid surface and 

at the bottom of fermentation tank the oxygen level is very low. The aroma of fish 

sauce was produced due to aerobic and anaerobic bacteria present in fermentation 

tank (Beddows et al., 1980). Saisithi et al. (1966) isolated bacteria producing 

volatile acids from 9 months old fish sauce. Halophilic aerobic sporeformers were 

predominant microorganisms of fish sauce (Saisithi et al., 1966).   Bacillus-type 
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bacteria, aerobes, were found predominantly in Nampla and they produced a 

measurable amount of volatile acids (Saisithi et al., 1966). Staphylococcus strain 

109, catalase positive, was isolated and produced volatile acids twice as great as 

Bacillus spp. did (Saisithi et al., 1966). Micrococcus and Coryneform bacteria also 

played a major role in aroma production in Nampla (Saisithi et al., 1966). 

Streptococcus, catalase negative, also produced a measurable quantity of volatile 

acids (Saisithi et al., 1966). The amount of oxygen in the system was very 

important to control the quality of fish sauce. Sanceda et al. (1992) reported that 

anaerobic fermentation altered the aroma quality of fish sauce. However neither 

absolutely aerobic nor anaerobic condition is required for fish sauce production. 

In some countries such as Malaysia, Korea, and China, dark color fish sauce 

is preferred than light color fish sauce. Some minor ingredients such as sugar and 

natural acids are used to enhance the browning reaction. In Budu, palm sugar and 

tamarind were added (Beddows, 1985). Production of Shottsuru, Uwo-shoyu and 

Ika-shoyu also used malted rice and koji to enhance microbial fermentation 

(Beddows, 1985). On the other hand, high quality Nampla is produced from salt 

and fish only. The color of Nampla is lighter than Budu and Chinese fish sauce. 

The quality of fish sauce is evaluated subjectively by flavor and color. 

However it depends on the target consumers. The quality of fish sauce is defined 

differently by the culture and tradition of consumers, and the above mentioned 

factors determines the functional and nutritional quality. 
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Chemical and biochemical compositions 

Fish sauce is a hydrolyzed protein product produced by enzymes and 

microorganisms. A major change occurring during the fermentation period is to 

convert proteins to small peptides and free amino acids. Nitrogen content, pH, and 

volatile acids had been investigated from different kinds of fish sauce (Beddows et 

al., 1979a; Bersamin and Napugan, 1961; Del Rosario and Maldo, 1984; Fujii and 

Sakai, 1984a,b; Ijong and Ohta, 1996; Mizutani et al, 1992; Ren et al., 1993a,b; 

Saisithi et al., 1966; Yatsunami and Takenaka, 1996). Generally, most of 

polypeptide nitrogen decreased during the fermentation period but amino nitrogen 

increased. The pH value dropped because of released free amino acids from 

proteins and large polypeptides. Volatile fatty acids generally increased slowly 

during fermentation time. The changes of volatile fatty acids during ripening 

period have not been studied. Amino acid profiles of various kinds of fish sauce 

were reported by Wilaipun (1990) (Table 1.4). 

Beddows (1985) reviewed biochemical characteristics of Nouc-mam. Total 

nitrogen content in Nouc-mam ranged from 2.3% to 1.3% depending on the quality 

of Nouc-mam (Nguyen Thi Lau and Richard, 1959; Rose, 1919a,b). Rose 

(1919a,b,c) reported that Nouc-mam contained 2.3% nitrogen (w/w) of which 46% 

was in tritratable amino acid forms and 17% was in ammonia forms. During the 

120 days of fermentation, organic nitrogen reached a maximum of approximately 

2.0% with 2.38% of total nitrogen 
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Table 1.4. Amino acid compositions in fish sauce manufactured in several Asian 
countries (Wilaipun, 1990). 

Amino 
acid 

Amino acid compositions (mg/mL) 
Nampla Budu Patis Nuoc-mam Shottsuru 

Glu 5.82 1.78 14.48 4.0 10.0 
Ala 2.82 1.52 6.74 4.2 7.5 
Asp 2.76 110 6.59 2.4 4.8 
Lys 0.72 0.40 6.02 4.0 10.7 
Val 1.82 1.00 5.87 3.0 6.5 
Leu 2.02 1.64 5.72 4.0 8.4 
Gly 1.10 0.44 5.61 2.4 3.3 
Thr 1.61 0.70 4.90 2.0 3.0 
Pro 6.88 0.26 4.37 0.5 2.9 
He 1.82 0.98 4.01 4.0 5.2 
Phe - - 3.02 1.5 4.4 
Ser 0.74 0.16 2.97 0.8 1.3 
Met 0.74 0.048 2.98 0.8 3.7 
His 3.06 1.66 2.82 0.3 4.8 
Cys 0.24 0.42 0.90 0.25 0.6 
Tyr 0.14 0.32 0.53 0.8 1.0 
Arg - - 0.16 2.0 0.2 

content (Uyenco et al., 1954). Approximately 86% of the total nitrogen was 

organic nitrogen and 49% was free amino acid nitrogen (Uyenco et al., 1954). 

Nguyen Thi Lau and Richard (1959) reported that Nouc-mam contained Mg2+ 

(0.13%) and Ca2+ (0.035 %). Glutamic acid, aspartic acid, lysine, leucine, valine 

and isoleucine were found at approximately 4g/litre (Aurtet and Vialard-Goudou, 

1940). 

Saisithi et al. (1966) reported biochemical changes in Nampla. Total 

nitrogen increased from 49 mmoles/100 ml to 130 mmoles/100 ml during 9 month 

fermentation period.   Volatile acid (lactic) increased rapidly within the first 3 
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months and slightly decreased after 8 months of fermentation. Trimethylamine was 

detected in aromatic fraction using ion-exchange (AG1-X8) (Saisithi et al., 1966). 

Mclver et al. (1982) reported that acetic acid was a major volatile fatty acid in 

Nampla using GC-MS technique. According to the local industrial fish sauce 

standard established by the Thai Industrial Standard Institute (1983), NaCl content 

in Nampla must be more than 200g/L and total nitrogen content must be more than 

20 g/L. ThepH value of Nampla has to be between 5.0-6.0. Forty percent to sixty 

percent of total nitrogen has to be amino acid nitrogen content. Glutamic acid 

content per total nitrogen has to be between 0.4-0.8. Histidine and proline content 

in Nampla are higher than fish sauce produced in other Asian countries (Wilaipun, 

1990). 

The biochemical changes and composition of Budu (Northeastern 

Malaysian fish sauce) had been reported by Beddows et al. (1979a, 1980) and 

Beddows (1985). Protein degradation was due to enzymatic action only (Beddows 

et al. 1979a). The rate of protein breakdown and subsequent change in nitrogen 

content and distribution occurred in 3 stages: osmosis (0-25 days), hydrolysis of 

proteins (80-120 days), and distribution of nitrogen compounds (140-200 days) 

(Beddows et al., 1979a). Amino-N changed from 36.3% to 66.3% within 5-month 

fermentation period. On the other hand, volatile-N, protein-N and polypeptide-N 

decreased from 10.5% to 6.6%, 1.23% to 0.56%, and 52.0% to 26.5%, respectively 

within the same period (Beddows et al., 1979a). Protein conversion rate (%) 

increased dramatically during the first 60 days of fermentation and was quite 
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constant over the period of 100-200 fermentation days (Beddows et al., 1979a). 

There were 1.77 % total-N (organic), and 1.17g% of amino-N reported in Budu 

(Beddows et al., 1979a). Palm sugar and tamarind did not have any effect on 

nitrogen conversion of Budu production (Beddows et al., 1979). 

Ijong and Ohta (1996) reported the biochemical changes of Bakasang 

(traditional Indonesian fermented fish sauce). The pH value of Bakasang was 

between 5.95-6.55. Bakasang produced by adding glucose showed a greater 

decreased in pH than that without glucose (Ijong and Ohta, 1996). In the same 

ways as Budu fermentation, both total soluble nitrogen and total free amino 

nitrogen increased during fermentation. Alanine, isoleucine, glutamic acid and 

lysine were prominent in Bakasang but proline content was low (Ijong and Ohta, 

1996). Ijong and Ohta (1996) also reported the effect of salt on the contribution 

of amino acid in Bakasang produced by different salt content. Different enzyme 

and microbial action created different end products (Damodaran, 1996). 

Patis, Philippines fermented fish sauce, had been studied by Bersamin and 

Napugan (1961). NaCl content ranged from 22.26%-26.44% and total solids from 

28.56%-37.81%. First class Patis had total nitrogen (Nx6.25) more than 20 g/L. 

Chemical and physiological compositions of Patis were reported by Fujii et al. 

(1980): pH 5.1, total nitrogen 15.5 g/L, NaCl 29.1%, trimethylamine 14.9 mg- 

N/lOOml. Glutamic acid was predominant in Patis, 831 mg/lOOml. Alanine, lysine 

and aspartic acid were also found as major amino acids in Patis, 696, 677, 533 

mg/lOOml, respectively. Acetic acid was found 2.03 mg/ml. 
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Shottsuru, Japanese fish sauce, was studied by Fujii and Sakai (1984a,b). 

The pH, and NaCl content of Shottsuru were between 5.0-6.0 and 27.5%-34.5%, 

respectively (Fujii and Sakai 1984a,b; Ren et al., 1993a,b). Total nitrogen content 

ranged between 12.2-20.8 g-N/L (Ren et al., 1993a,b). The amount of 

trimethylamine was between 8.4-12.4 mg/lOOml (Fujii and Sakai, 1984a,b). The 

predominant volatile acid was acetic acid as in Patis (Fujii and Sakai, 1984a,b). 

However, lactic acid was reported as the predominant volatile acid instead of acetic 

acid (Ren et al., 1993a). No Mg2+ was detected in Shottsuru (Ren et al., 1993b). 

Glutamic acid was the major component of free amino acids, at 721.8 mg/lOOml. 

Lysine was predominant, 451-581 mg/lOOg which was more than leucine content in 

Shottsuru (Ren et al., 1993b). On the other hand, Fujii and Sakai (1984a) reported 

that lysine content was lower than leucine content. The histidine content of 

Shottsuru made from squid was 145 mg/lOOg but it was more than 300 mg/100 g in 

Shottsuru made from fish (Ren et al., 1993b). 

Ren et al (1993a,b) reported chemical and biochemical compositions of 

Chinese fish sauce, Yeesui. The pH value was 5.4-5.8. Salt content was 31%-33% 

and total nitrogen content was -1.25 %. Glutamic acid, lysine and alanine were 

predominant amino acids in Yeesui. All of amino acids in Yeesui were lower than 

amino acids in Shottsuru (Ren et al., 1993a). Glutamic acid content in Yeesui was 

almost two times lower than that of in Shottsuru. Lactic acid was found in all 

Yeesui samples but Acetic acid was found in Yeesui made from Xiamen province 

only (Ren et al., 1993a). 
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Mizutani et al. (1992) reported the average chemical and biochemical 

compositions of fish sauce from various countries, Burma, China, Japan, Malaysia, 

Philippines, Thailand and Vietnam. The average NaCl content in fish sauce was 

26±3.7% which was saltier than soy sauce. The average pH value ranged between 

5.3-6.7. Most of organic acids exist in fish sauce in salt form (Mizutani et al., 

1992). No sugar or alcohol was found in any fish sauce sample (Mizutani et al., 

1992).   Average chemical compositions offish sauce were listed in Table 1.5. 

Table 1.5. Chemical compositions offish sauce (Mizutani et al., 1992) 

Fish sauce* 
pH 6.0 
NaCl (g/dL) 25.9 
Total amino acids (g/dL) 5.8 
Glutamic acid (g/dL) 0.90 
Total organic acids (g/dL) 1.24 
Acetic acid (g/dL) 0.87 
Lactic acid (g/dL) 027 
Succinic acid (g/dL) 0.10 
Reducing sugar (g/dL) <0.01 
Alcohol (g/dL) <0.01 
Note: "*" Number of samples = 15 
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Microbiology of fermented fish sauce 

Fish sauce has a very high concentration of salt (25%-30%). Thus bacteria 

growing during fish sauce production were halophilic bacteria (Thongthai et al., 

1992). The role of bacteria in fish sauce was flavor/aroma development. 

Production of fish sauce under aseptic conditions does not give typical fish sauce 

aroma (Beddows et al., 1979a). Many proteolytic enzyme-producing bacteria were 

isolated from fish sauce. From these properties, bacteria in fish sauce can be 

classified into two major groups. 

1. Bacteria, which can produce proteolytic enzymes: Bacteria in this group 

possessed proteolytic enzyme producing property such as Bacillus sp., 

Pseudomonas sp., Micrococcus sp., Staphylococcus sp., Halococcus sp., 

Halobacterium salinarium, Halobacterium cutirubrum (Norberg and 

Hofsten, 1968; Wilaipun, 1990; Thongthai et al., 1992). Norberg and 

Hofsten (1968) reported that 25% NaCl did not have any effect on 

proteolytic activity of enzymes from H. salinarium and H. cutirubrum 

but chelating agents such as EDTA inactivate enzymes completely. 

Zinc ion (Zn**) and magnesium ion (Mn"1^) reactivated enzyme activity 

by slow hydrolysis (Norberg and Hofsten, 1968). According to Kushner 

(1968), enzymes produced from halophilic bacteria could function in 

high salt environments but most of them were inactive in the absence of 

salt. The extreme halophiles adapted themselves to metabolize amino 

acids more efficient than carbohydrates (Norberg and Hofsten, 1968). 
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2. Bacteria, which relate to flavor and aroma development: Saisithi et al. 

(1966) reported that 10 of 17 Bacillus-type isolates produced a 

measurable amount of volatile acids in Nampla. Staphylococcus strain 

109 also produced a significant amount of volatile acids in Nampla 

(Saisithi et al., 1966). 

Ijong and Ohta (1996) monitored microbiological change during Bakasang 

processing. In the first 10 days, a variety of bacteria grew in fermentation but after 

20 days coccus dominantly grew in Bakasang. Enterobacter, Moraxella, 

Pseudomonas, Lactobacillus, Staphylococcus, Micrococcus, Streptococcus, and 

Pediococcus were isolated from Bakasang during 40 days of fermentation (Ijong 

and Ohta, 1996). Streptococcus, Pediococcus, Micrococcus were predominant after 

20 days of fermentation of Bakasang (Ijong and Ohta, 1996). Total plate count 

increased and reached the maximum point at 10 days of fermentation and decreased 

after 20 days of fermentation (Ijong and Ohta, 1996). 

Saisithi et al. (1966) studied microorganisms in Nampla. Total viable count 

steadily decreased as fermentation time was extended like in Bakasang. Bacillus, 

Coryneform, Streptococcus, Micrococcus, and Staphylococcus were isolated from 

9-month-old Nampla. Bacillus-type produced a measurable amount of volatile 

acids and Staphylococcus strain 109 produced twice as great as the Bacillus spp. 

produced (Saisithi et al., 1966). Thongthai et al. (1992) isolated extremely 

halophilic archaeobacterium, strain ORE, from Nampla. Using polar liquid 

analysis and DNA hybridization technique, this halobacterium was identified as 
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Halobacterium salinarium which can produce extracellular proteases (Thongthai et 

al., 1992). Tanasupawat et al. (1991) reported that all isolates from fish sauce and 

soy sauce were gram positive, nonmotile cocci, and produced coccal forms. All 

isolates from fish sauce were facultative microorganisms and fermented glucose 

(Tanasupawat et al., 1991). Sands and Crisan (1975) examined the microflora from 

Nampla and Patis. In Nampla, Bacillus cereus and a strain of B. licheniformis were 

found after 7 months of fermentation but at the end of fermentation other strains of 

B. licheniformis, B. megaterium and B. subtilis were found instead (Sands and 

Crisan, 1975). In Patis, after one-month fermentation, single strains of B. pumilus, 

Micrococcus copyenes, M. varians and Candida clausenii were isolated (Sands and 

Crisan, 1975). 
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Flavor of fermented fish sauce 

Flavor is the combination of impressions perceived via the chemical senses 

from a product in the mouth, aromatics, tastes and chemical feeling factors (Caul, 

1957). The aroma of a fish sauce is usually used to measure the quality of fish 

sauce subjectively by consumers (Beddows et al., 1980; Dougan and Howard, 

1975). The salty taste of fish sauce was very strong and this tends to master other 

flavor constituents (Beddows et al., 1980). The chemical feeling factors especially 

glutamic acid related to umami taste, good-taste imparting, in fish sauce (Meilgaard 

et al., 1991; Mizutani et al., 1992). 

Dougan and Howard (1975) described three major contributory factors in 

fish sauce: ammonical, cheesy, and meaty notes. The ammonical note had been 

attributed to ammonia, trimethylamine, and other basic nitrogenous compounds 

(Dougan and Howard, 1980; Saisithi et al., 1966). In the presence of antibiotics, 

rifamicin, ammonia, and trimethylamine were easily formed. Therefore these 

nitrogenous compounds had to be derived from non-bacterial means such as fish 

enzymes (Beddows, et al., 1980). Trimethylamine should respond to cheesy note in 

fish sauce because its threshold value was very low at 2.4 ppb in the vapor phase 

(Devos et al., 1995; Shimoda et al., 1996). 

Low molecular weight volatile fatty acids (VFA), in particular acetic, 

ethanolic, propionic, n-butyric, and iso-valeric acids contributed to the cheesy note 

(Beddows et al., 1980; Dougan and Howard, 1975; Saisithi et al., 1966; Sanceda et 

al., 1984; Sanceda et al., 1990; Sanceda et al., 1996). Dougan and Howard (1975) 
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suggested that these VFA were produced from the autoxidation of polyunsaturated 

acids and by bacterial action on amino acids as carbon source. Beddows et al. 

(1980) reported that n-butanoic and n-pentanoic acids were derived by bacterial 

activity on amino acids, using (U-14C)-protein hydrolysate as substrate in the 

fermentation, instead of glucose and oxidation of the fish lipid. These VFA were 

produced by bacteria prior to the salting process (Beddows et al., 1980; Saisithi et 

al., 1966). Ethanoic and n-butanoic acids were produced by the oxidation of 

glutamate (Waschman and Barker, 1955). Hayaishi et al. (1961) reported that 

tryptophan was broken down to give ethanoic acids. Clostridium kluveri was able 

to produce n-butanoic acid using alcohol or ethanoic acid as substrate (Barker, 

1956). Chayovan et al. (1983) made fish sauce from two different kinds of fish, 

flounder and trout. Fish sauce from flounder, a low fat fish, had significantly 

different in flavor from trout fish sauce, a fatty fish, at p<0.05 but the volatile acid 

profiles from both sauces did not relate to the amount of fat in fish (Chayovan et 

al., 1983). The relative and absolute amounts of VFA depended on both type 

(Nampla, Nouc-mam or Patis) and quality of fish sauce (Mclver et al., 1982). 

Nauyen-An-Cu and Vialard-Goudou (1953) reported that the maximum ratios of n- 

butyric acid to acetic acid were 1:3.3 and 1:1 in Nampla and Nouc-mam. In best 

quality Nampla and Nouc-mam, the ratio of n-butyric acid to acetic acid were 1:20 

(Dougan and Howard, 1975). Total VFA in Hong Kong and Chinese fish sauce 

was only one-third of that in Nampla (Dougan and Howard, 1975). Peralta et al. 

(1996) identified 155 volatile compounds in Taiwanese fish sauce. Butanoic acid, 
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3-methylbutanoic acid, pentanoic acid, and 4-methylpentanoic acid were considered 

to be associated with the cheesy note in the fish sauce aroma because of their low 

odor threshold value, 3.89, 2.45, 4.79, and 7.10 ppb in vapor phase, and high 

quantitative values in samples (Devos et al., 1995; Peralta et al., 1996; Shimoda et 

al., 1996). In addition to VFA, many ketones could be responsible for the cheesy 

odor as well (Peralta et al., 1996). Shimoda et al. (1996) suggested that ketones did 

not have much effect on fish sauce flavor because of their high threshold values. 

Sanceda et al. (1986) reported that isopentanoic acid was the most abundant volatile 

acid in both Shottsuru and Nampla followed by acetic, isobutanoic, n-butanoic and 

propionic acids. In addition to these acids, isohexanoic acid is also major volatile 

acid in Nampla (Sanceda et al., 1986). Nouc-mam had a different volatile acid 

profile from Nampla and Shottsuru. Acetic acid was the predominant volatile acid 

in Nouc-mam (Sanceda et al., 1986). These results were different from volatile 

acid profiles reported by Mclver et al. (1982) for Nampla and Nonaka et al. (1975) 

for Shottsuru and Nouc-mam. Sanceda et al. (1983,1984) reported 66 volatile 

compounds in Patis. In acidic fraction, n-butanoic acid was the most abundant in 

Patis, 50% of total acid, followed by propanoic acid (22%), isopentanoic acid 

(17%), acetic acid (4%) and isobutanoic acid (3%) (Sanceda et al., 1983,1984). 

The meaty note is more complicated than the other two notes and it has not 

been studied well. Dougan and Howard (1975) suggested that the meaty aroma was 

produced by oxidation of a substance which can be extracted entirely from fish 

sauce with iso-propanol. Budu had less meaty aroma than Nampla (Beddows et al., 
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1980). Meaty aroma in Nampla was extracted in the neutral fraction (Dougan ad 

Howard, 1975; Mclver et al., 1982). Three lactones were extracted in the neutral 

fraction, y-butyrolactone, y-caprolactone and 4-hydroxyvaleric acid lactone. Both 

y-butyrolactone and y-caprolactone has faintly sweet and buttery aroma while 4- 

hydroxyvaleric acid lactone had pungent odor (Mclver et al., 1982). The other 

component, 2,3-butanedion, present significantly in neutral fraction, and also in the 

basic fraction. It could be produced by Bacillus cereus, Bacillus lichenformis, and 

Bacillus subtilis (Sands and Crisan, 1975). Nitrogen containing compounds 

(pyrazines, pyridines, pyrimidines, amines and nitriles), which possess bum and 

amine-like odors, could be responsible for the meaty note when they reacted with 

aldehyde compounds (Shimoda et al., 1996). Other than these major pleasant notes 

in fish sauce, sulfur-containing compounds such as dimethyl disulfide and dimethyl 

trisulfide with threshold value of 0.427 and 1.66 ppb in vapor phase, respectively, 

could cause the unpleasant odor in fish sauce (Peralta et al., 1996). In addition to 

sulfur contaimng compounds, aldehydes were also considered to have an impact on 

overall flavor, especially off flavor, in fish sauce because of their low threshold 

values (Devos et al., 1995; Heath and Reineccius, 1986; Shimoda et al., 1996). In 

addition to VFA, glutamic acid also contributed to the meaty aroma in Nampla 

(Saisithi et al., 1966; Jones, 1961). Saisithi et al. (1966) reported the aromatic 

characteristic of a-amino acids in Table 1.6 
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Table 1.6. Aroma characteristics developed from a-amino acids via Strecker 
degradation (Saisithi et al., 1966) 

Amino acid Type of aroma 
Arginine None 
Aspartic acid None 
Cystine None 
Glutamic acid Meaty 
Histidine none 
Isoleucine Sweet, pelargonium-like 
Leucine Sweet, pelargonium-like 
Lysine none 
Methionine methyl sulfide-like 
Phenylalanine strong rose-like 
Threonine none 
Tryptophane none 
Tyrosine rose-like 
Valine Weak pelargonium-like 

The flavor of fish sauce is due to the cumulative effect of both the volatile 

fatty acids and non-volatile fatty acids along with some biochemical reactions. 

Compounds from both enzymatic and bacterial breakdown of proteins or other 

nitrogenous compounds were also important to fish sauce flavor (Chayovan et al., 

1983). Sanceda et al. (1986) studied flavor in Shottsuru, Nampla and Nouc-mam. 

Subjectively, Shottsuru was a little fishy, cheesy and rancid with a sweet and a little 

bumt odor. Nampla had a more stimulating, fishy, cheesy and rancid odor than 

Shottsuru. It was a little sweet and very slightly bumt (Sanceda et al., 1986). 

Nouc-mam exhibited a significantly bumt smell, typical of smoked fish products 

(Sanceda et al., 1986). Patis had a fishy, cheesy and rancid odor and also smelled 

like Tsukudani, traditional Japanese processed seafood (Sanceda et al., 1984). 
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Enzymatic activity and acceleration of fish sauce production 

A majority of protein hydrolysis during fish sauce production was caused by 

autolytic activity of enzymes in fish (Beddows et al., 1979a). Trypsin and 

chymotrypsin and other digestive enzymes were principally responsible for 

autolysis (Aim, 1965; Voskresensky, 1965). Gildburg (1992, 1994) recovered a 

trypsin-like enzyme from fish viscera and fish sauce. Trypsin-like enzyme activity 

increased, reached the maximum in the first month, and then dramatically declined 

in Patis fermentation. The declination of trypsin-like enzyme activity in Patis 

should be caused by the accumulation of end products (amino acids and small 

peptides), inhibitors in fish blood or substances produced by bacteria (Oregana and 

Liston, 1982). Cathepsin A and D were found to be responsible for the protein 

hydrolysis in Patis formation as trypsin and chymotrypsin (Del Rosario and Maldo, 

1984). However, cathepsin B and D did not have much effect on protein 

degradation in Patis. The pH offish sauce decreased from neutral pH (~7) to acidic 

pH (~5) during fermentation. Trypsin and chymotrypsin (alkaline proteinases) are 

active in neutral condition and cathepsins are active in acidic condition. During the 

first stage of fish sauce fermentation, tyrpsin and chymotrypsin were believed to be 

responsible for protein hydrolysis, but, when pH dropped to the acidic region, 

cathepsins were responsible for protein degradation in fish sauce fermentation. The 

decreased catheptic activity could be due to the declination of the amount of high 

molecular weight proteins which served as the substrates for the enzymes (Del 

Rosario and Maldo, 1982). 
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In traditional fish sauce fermentation, the rate of production depends on 

only the activity of enzymes in fish. An accelerated fermentation time had been 

studied by several researchers. Ngo-Ba-Thann (1953) and Embisan (1977) used 

finely ground fish as raw material and stirring during the fermentation to increase 

the rate of production. Increased temperature (45 0C) and reduced salt concentration 

significantly shorten the fermentation time in Patis production (Hamm and Clague, 

1950). Mesnard and Rose (1920) suggested that the optimum temperature for fish 

sauce fermentation was between 35-450C. Natural enzymes and acids were used to 

shorten fermentation time. The rate of hydrolysis of fish flesh was increased using 

Papain (Beddows et al., 1979b). The use of bromelain, ficin, and papain in fish 

sauce fermentation had been reported by (Beddows et al., 1979b; Beddows et al., 

1976; Hale, 1969; Poosaran, 1986b). Bromelain gave a better result than papain 

and ficin. Acid hydrolysis was used to accelerate fermentation (Beddows et al., 

1979c; Gildberg, et al., 1984; Poosaran, 1986a). Raksakulthai et al. (1986), Choi et 

al. (1999), and Kim et al., (1999) compared fish sauced produced by using many 

enzymes as accelerating agents, and male capelin (Mallotus villosus) and anchovies 

as raw materials. Proteolytic enzymes (fungal protease, pronase, trypsin, 

chymotrypsin, squid protease) and squid hepatopancreas were used in the study. 

Fish sauce supplemented with squid hepatopancreas was highly acceptable and 

comparable as a commercial product produced in the Philippines (Raksakulthai et 

al., 1986). Amino acid composition in fish sauce produced using different enzymes 

were   varied   (Raksakulthai   et   al.,   1986).      Fish   sauce   supplemented   by 
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hepatopancreas had a high content of glutamic acid whereas other supplemented 

products had a high content of leucine (pronase supplemented) and alanine (fungal 

protease, trypsin, chymotrypsin, squid protease supplemented). Only 

hepatopancreas supplemented fish sauce were acceptable. This result suggested 

that glutamic acid plays an important role in fish sauce flavor and altering an 

enzyme system during fermentation changes the flavor of product (Jones, 1961). 

Histidine and lysine had been used as accelerating agents in fish sauce production 

(Sanceda et al., 1990,1996). Lysine did not have a significant effect on aroma but it 

changed the flavor of fish sauce. Histidine shortened the fermentation period to 4 

months and the product was acceptable. Addition of histidine did not increase the 

histamine content of the fish sauce. 
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Conclusions 

Protein degradation and flavor development during fish sauce fermentation 

were caused by enzymatic and microbial activity. Generation of small peptides and 

free amino acids created a low pH (-5.0-6.0) condition which had a synergistic 

effect with salt to control the types of microorganisms during fermentation. 

Generally, fish, salt, and their mixing ratio, as well as, oxygen level, and minor 

ingredients had tremendous effects on fish sauce quality. Fish sauce production and 

desired quality vary from country to country. Three major aromatic factors of fish 

sauce were ammonical, cheesy, and meaty notes. Ammonia, amines, and 

trimethylamine played an important role in ammonical notes which did not depend 

on microbial activity. Cheesy note could be contributed by low molecular weight 

volatile fatty acids produced by microorganisms using amino acids as substrates. 

Meaty note can be produced by oxidation. Bacillus and Staphylococcus were found 

in fish sauce and involved in producing a measurable amount of volatile fatty acids. 

Glutamic acid gave not only meaty aroma but also umami taste to fish sauce. 

Further investigation on accelerating fish sauce fermentation with low histamine 

content and identifying the aroma active compounds in fish sauce should be 

conducted in the future to produce high quality and safe fish sauce. 
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Abstract 

The apparent optimum condition for production of Pacific whiting fish sauce was 

static atmospheric fermentation at 50oC with 25% salt. The effective enzymes in 

fermentation were heat stable and salt tolerant. Fermentation at 50oC gave higher yields 

than at 350C. All physical properties of samples, except total nitrogen content, 

absorbance at 420 nm and color, were equivalent to those of commercial fish sauce after 

20 days. After 112 days, total nitrogen content in all samples reached the level of 

commercial fish sauce (16.3 g-N/L). Staphylococcus, Bacillus, and Micrococcus were 

found as predominant microorganisms during fermentation. Alpha-amino acid content 

appeared to be a good parameter to estimate the change of total nitrogen content during 

fermentation. Soluble solid content was a good index for protein hydrolysis in fish sauce 

fermentation. 

Key word: fish sauce, Pacific whiting, by-products, amino acids, fermentation 



46 

Introduction 

Fish sauce is a clear brown liquid hydrolysate from salted fish (Amano, 1962; 

Beddows, 1985). It is widely used as a condiment and seasoning in Southeast Asia. Fish 

sauce referred to by various names in different countries: Nampla in Thailand, Nouc-mam 

in Vietnam, Patis in Philippines, Shottsuru in Japan, Aek-jeot in Korea etc. (Beddows, 

1985). Different countries have different recipes for making fish sauce. Nampla (Thai 

fish sauce), which is the most dominant in the world market, is mainly produced from 

anchovies, Stolephorus spp., Ristrelliger spp and Cirrhinus spp. (Beddows, 1985). There 

are two major ingredients in fish sauce production, fish and salt. The ratio between salt 

and fish is dependent on the country the "fish sauce" is made. Generally, it ranges from 

1:6 to 1:2 (w/w) by different countries. Traditionally, Nampla is produced by mixing 1 

part of salt with 2 or 3 parts of fish and fermented under static atmospheric condition in 

an underground concrete tank at the ambient temperature (30oC-40oC) up to 18 months. 

The supernatant from fermentation tank is filtered and ripened under the sun for 2-4 

weeks (Wilaipun, 1990). 

Dougan and Howard (1975) described three major aromatic notes in fish sauce: 

ammonical, cheesy, and meaty note. Trimethylamine and other basic nitrogenous 

compounds contributed to the ammonical note. These compound were produced through 

non-bacterial means (Dougan and Howard, 1975; Beddows et al., 1980). Sanceda et al. 

(1984, 1986) reported that low molecular weight volatile fatty acids (VFA), in particular 

acetic, ethanolic, propionic, n-butyric, and isovaleric acids, contributed to the cheesy 

notes. Beddows et al. (1980) concluded that these VFA are derived by bacterial activity 

on amino acids.  Peralta et al. (1996) suggested that in addition to VFA, many ketones 
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could be responsible for the cheesy odor as well. The meaty note is more complicated 

than the other sensory attribute. No conclusive evidence has demonstrated which 

compound(s) contribute(s) to the meaty note in fish sauce. 

It has been shown that microorganisms generally increase during the early 

fermentation stage and then decrease gradually as fermentation time is extended (Saisithi 

et al., 1966; Ijong and Ohta, 1996). Beddows et al. (1979) reported that Budu (Malaysian 

fish sauce) produced in the presence of rifamicin does not have the unique aroma of 

Budu. Bacillus and Staphylococcus, which were isolated from Nampla, Bakasang 

(Indonesian fish sauce) and Patis (Philippines fish sauce), produced a significant amount 

of volatile acids (Saisithi et al., 1966; Ijong and Ohta, 1996). 

Pacific whiting (Merluccius productus) is the cheapest white fish in the world and 

abundant in the Pacific Northwest. However, it is also a problematic fish because it has 

strong proteolytic enzymes. This kept it from being commercially utilized until 1991 

when a surimi process was developed for Pacific whiting. In 1997, 327,729 metric tons 

of Pacific whiting were harvested (Shapiro et al., 1998). Most of the catch is 

commercially processed into either surimi or fillets. These processes utilize <30% of the 

fish and produce >70% of solid waste. The waste is either processed into a very cheap 

fishmeal or discarded. The presence of proteolytic enzymes causes the market value for 

Pacific whiting to be quite low. Fish sauce production was thought to be a unique 

alternative way to utilize enzyme-laden Pacific whiting and its by-products. 

The objectives of our study were to characterize physicochemical and 

microbiological degradation of fish and to determine its potential for making high-quality 

fish sauce from Pacific whiting and its by-products.   Apparent optimum fermentation 
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conditions and the physicochemical transformations during fermentation were also 

investigated. 

Materials and Methods 

Materials 

Pacific whiting (Merluccius productus) and its by-products (head, frame, guts, 

skin) were obtained from a local surimi processing plant and transferred to the OSU 

Seafood Laboratory on ice. The samples collected, whole fish, fillets and by-products, 

were used for studying of autolytic activity. Remaining samples, were frozen at -20oC 

until fish sauce preparation. 

Ten commercial fish sauce products were purchased from Asian grocery stores 

(Portland, OR) and analyzed for physicochemical properties. 

Chemicals 

Food grade salt (NaCl) was purchased from a local grocery store. Trichloroacetic 

acid (TCA), bovine serum albumin (BSA) and 2,4,6-trinitrobeiizenesulfonic acid (TNBS) 

were purchased from Sigma Chemical Co. (St. Louis, MO). Nutrient agar, anaerobic 

agar, and tryptic soy agar (TSA) were purchased from Difco Laboratories (Detroit, MI). 

TSA with 5% defibrinated sheep blood was obtained from Hardy Diagnostic (Santa 

Maria, CA). 
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Autolytic activities at various conditions 

In the preliminary study, temperature profiles of autolytic activity were measured 

using fresh whole fish, by-products and fillet. The samples were incubated at various 

temperatures (0, 25, 35, 45, 50, 55, 60, 65 and 70oC) for 30 minutes with different salt 

concentrations (0, 5,15, and 25%) at physiological pH (~7.2 for whole fish and fillet, and 

-6.8 for by-products). The autolytic reaction was stopped using 10% TCA. The TCA- 

sample mixtures were homogenized and centrifiiged at 8000 rpm for 3 minutes. The 

autolytic acitivity was measured as tyrosine (Tyr) equivalent solubilized in TCA 

supematants by the Lowry assay (Lowry et al., 1951). One unit of activity was defined 

as 1 nmole of Tyr released per min. 

Fish sauce preparation 

Frozen whole fish and by-products were ground with a heavy-duty grinder 

(Atutio, model 601 HP 5HP, Astoria, OR). Two hundred and ten grams of each raw 

material were mixed with salt (70 g). Samples were prepared by putting 6 layers of 

ground meats and 7 layers of salt one by one in HDPE containers. The container was 

covered with snapped-HDPE lid to limit evaporation but allow oxygen during incubation 

at 350C and 50oC for 112 days. Samples were collected from containers at Day 0, 5, 10, 

15,20, 30,40, 60 and 112. 
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Collection of liquid 

The liquid was filtered using 4 layers of cheesecloth and the residue was squeezed 

using a laboratory hydraulic press (Fred S. Carver, Inc., New York) at 1,500 psi until no 

liquid was released. The liquid was then filtered through a filter paper #40 followed by 

#1 (Whatman Int'l. Lmt, Maidstone, UK). The filtered liquid obtained was referred to as 

unripened fish sauce. All experiments for all samples were conducted in triplicate. 

Physicochemical analysis 

The pH of both unripened fish sauce and solid residue was measured using a pH 

meter (Coming pH meter 240, Coming, NY). The amount of browning was measured 

using a spectrophotometer (model DU® 640, Beckman, Fullerton, CA) at 420 nm. 

Soluble solid was measured using a hand refractometer (model Nl, AT AGO, Tokyo, 

Japan). Liquid yield was recorded. Moisture content was measured using a drying-oven 

(AOAC, 1995). Samples were analyzed based on a wet weight basis or volume. 

Color characteristic of the samples was measured using a ColorQuest Hunter 

colorimeter (HunterLab, Hunter Associates Laboratories Inc., Reston, VA). Unripened 

fish sauce samples were placed in a 3 mm pathlength optical glass cell (Hellma GmbH & 

Co., Mullheim, Germany) and reflectance measurements were obtained from the average 

of 4 readings for each sample and C.I.E L', a*, b* values along with percent haze were 

measured using the transmission mode. Chroma (a*2 + b'2)1'2 and hue angle (tan"1 (b7a*)) 

were calculated from tristimulus values of Hunter CIE a* and b*.   Chroma provides a 
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measure of the intensity of the color, while the hue angle [0° (+a = red-purple), 90° (+b 

= yellow), 180° (-a = green), and 270° (-b = blue)] represents the hue of the color. 

Total nitrogen content of unripened fish sauce samples was measured using the 

standard Kjeldahl methods (AOAC, 1995). Salt content and ammonia nitrogen were 

measured using conductometric method (OAKTON™ TDS Testr2™ conductivity tester, 

Whatman®, Hillsboro, OR) and ammonia electrode (model 95-12, Orion Research 

Incorp., Boston, MA). Unripened fish sauce samples were also analyzed for a-amino 

acid content using TNBS-method (Adler-Nissen, 1979). The TNBS solution was freshly 

prepared before used. Salt-soluble proteins (SSP) were observed according to the method 

of Lowry et al. (1951) using BSA as standard. TCA-soluble proteins (TSP) were 

monitored by mixing 1 mL of unripened fish sauce with 1 mL of 5% TCA for 5 minutes 

and then the mixture was centrifuged at 8000 rpm for 3 minutes. The TCA supernatant 

was collected and subjected to measure soluble proteins according to Lowry et al. (1951). 

The relationship between total nitrogen content and other parameters were 

evaluated at 20 days of fermentation. SSP and TSP studies were terminated at Day 20 

because of poor relationship. Other parameter studies were continued and reevaluated 

after 60 days. Only a-amino acid content, soluble solid, and browning color were found 

to have close correlation with total nitrogen content. Therefore, these parameters were 

measured again on the 112A day. 
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Microbiological analysis 

Samples (10 g) were taken aseptically from their containers and homogenized in 

90 mL of 0.9% NaCl solution. Serial dilutions of homogenates were made. Aerobic 

plate count (APC) and anaerobic plate count (ANPC) were determined using pour plate 

method on nutrient agar (Difco., Detroit MI, USA) fortified with 7% NaCl. Typical 

colonies from all plates and homogenized samples without any dilution were subcultured 

for purification and identification using tryptic soy agar (TSA) and TSA with 5% 

defibrinated sheep blood for testing P-hemolytic activity. All plates were stored at 40C 

until required. 

Identification of microorganisms was done on the basis of morphological and 

biochemical properties of microorganisms according to Sergey's manual (Holt et al., 

1994). Biochemical properties were determined using Vitek-junior identification system 

(BioMerleux Vitek, Hazelwood, MO). 

Statistical analysis 

Data were analyzed for degree of variation and significance of difference using an 

analysis of variance (ANOVA). Multiple linear regression and stepwise regression were 

performed to select significant variable and correlated the relationship between variables 

(Ramsey and Schafer, 1997). All statistical analysis was performed using STATISTIC A® 

Version/w 5.0 (StatSoft, Inc., Tulsa, OK). 
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Results and Discussion 

Autolytic activities at various conditions 

Our preliminary study was conducted to determine apparent optimum 

fermentation conditions for Pacific whiting and its by-products. The autolytic activity of 

ground whole fish was increased by the presence of 25% salt particularly at 55-650C (Fig. 

2.1). Salt had the same effect on autolytic activity of by-products at 50-65oC (Fig. 2.2). 

In contrary, the autolytic activity in fillet was much lower than the other two samples and 

was reduced in the presence of salt at 55-650C (Fig. 23). These results indicated that 

enzymes in both whole fish and by-products were heat stable and activated by salt. On 

the other hand, the major enzymes presented in fillet were heat labile and salt sensitive. 

Overall, autolytic activity with 25% salt was maximized at 50oC for whole fish, and 60oC 

for fillet and by-products. However, the two temperature treatments selected for 

subsequent experiments were at 35°C and 50oC because most of the microorganisms 

involved in fermentation for Nampla has been demonstrated to be mesophilic (Wilaipun, 

1990; Jay, 1996). Activities of proteolytic enzymes were pretty limited in the presence of 

high salt. Noda et al. (1982) reported that one alkaline proteinase and one acid 

proteinase were stable in the presence of 15% to 20% NaCl. Static atmospheric condition 

was chosen because fish sauce produced under absolute anaerobic condition had bitter 

taste and undesirable flavor (Sanceda et al., 1992). The apparent optimum fermentation 

condition for Pacific whiting with 25% salt appeared to be 50oC in an static atmospheric 

environment. 
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Figure 2.2. Temperature profiles of autolytic activity of by-products at various salt concentrations. 
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Figure 2.3. Temperature profiles of autolytic activity of Pacific whiting fillet at various salt concentrations. 
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Table 2.1. Physicochemical characteristics of commercial fish sauce 

Characteristics Mean 
Relative gravity (mg/mL) 1.21(0.05*) 
Moisture content (%) 64.51(5.03) 
PH 5.48(0.32) 
Salt content (g/L) 302.64(23.96) 
Browning color (A^,,) 2.79(0.88) 
Soluble solid(0Brix) 48.00(7.64) 
Total nitrogen (g-N/L) 16.26(5.94) 
a-amino acid (mg/L) 2.8(0.08) 
Salt soluble protein (g/L) 17.53(4.85) 
TCA-soluble protein (g/L) 6.98(2.28) 
L* 58.24(7.49) 
a* 20.17(5.12) 
b* 71.80(6.52) 
Haze 7.71(10.88) 
Hue angle 73.45(4.77) 
Chroma 74.69(7.08) 
* Number in parenthesis represents the standard deviation 01 tmean 

Liquid Yield 

More liquid was extracted at Day 0 than Day 5, except with the by-products 

at 50oC, and liquid yield increased rapidly at Day 10. After Day 20, liquid yields 

increased slightly (Table 2.2). Reduction of liquid yields between Day 0 and 5 was 

possibly caused by migration of salt and reequilibration of soluble components. 

The osmotic period of our samples was much shorter than the 0-25 days for 

whole fish used in Budu production (Beddows, 1985). This was probably due to a 

difference in sample conditions: ground fish versus whole fish. Grinding, through 

mechanical disruption of cells and expanding surface area, probably accelerated the 

osmosis of fish juice in the presence of salt. More liquid was obtained from 
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Table 2.2. Liquid yield (%) 

WHOLE FISH BY-PRODUCTS 
Characteristic Day 50oC 350C 50oC 350C 

Liquid yield 0 45.5 44.8 44.0 43.3 

(%) 5 42.0 32.4 47.6 41.0 
10 64.3 50.5 64.8 66.2 
15 69.5 52.4 73.8 71.4 
20 70.5 55.0 77.1 71.4 
30 71.9 54.3 76.2 75.7 
40 72.8 57.1 73.3 72.8 
60 78.1 59.5 80.7 77.1 

by- products at 50oC than 350C, and than from whole fish. Beddows et al. (1985) 

obtained a maximum liquid yield (-70%, v/w) from whole anchovies at 30oC after 

140 days. However, increased fermentation temperature (to 50oC) and grinding 

helped to get more liquid yield in shorter time. Solid residues from each treatment 

were inversely related to the liquid yield (not reported). 

Physicochemical compositions 

The pH of the unripened fish sauce produced for this study was between 6.1 

and 6.3 after 40 days of fermentation (Table 2.3). The release of amino acids and 

small peptides caused the decreased pH during fermentation. The pH of raw 

materials dropped from 7.0-7.2 to 6.6-6.8 a day after salt was added. This was 

probably due to the dissociation of amino acids in the presence of salt. Mizutani et 

al. (1992) evaluated the pH values from 15 commercial fish sauce samples and 
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reported the pH ranged between 5.3 to 6.7. However, our evaluation of commercial 

fish sauce indicated the range of pH was between 4.9-6.0 (Table 2.1). Ijong and 

Ohta (1996) reported the pH of Bakasang ranged from 5.95 to 6.5. Most Nampla is 

seasoned with food grade additives such as citric acid and sorbic acid to lower pH 

and adjust color (Mabesa et al., 1972). Fish sauce produced in this study had pH 

between 6.1 to 6.3 after 40 days of fermentation (Table 2.3). 

Moisture content at Day 0 was -72.5% for whole fish and -73% for by- 

products. Their values rapidly decreased for the first 10 days and continued to 

decrease till 60 days of fermentation: -69% for by-products and -68% for whole 

fish (Table 2.3). This was in the same moisture range, 60-75%, as commercial fish 

sauce (Table 2.1). Bersamin and Napugan (1961) reported that the moisture 

content of Patis ranged between 62-74%. 

Browning color development was monitored by measuring the absorbance 

at 420 nm (Table 2.3). For the first 5 days, protein particles were dispersed in the 

liquid phase. Clear liquid was not obtained until Day 10. After 112 days of 

fermentation, browning color had increased in absorbance to between 0.58 and 

1.33. The Browning color in fish sauce was caused by non-enzymatic browning 

reaction (Wilaipun, 1990). Absorbance at 420 nm of commercial fish sauce varied 

from 1.1 to 4.2 (Table 2.1). The Maillard reaction is responsible for the browning 

reaction in most foods (Damodaran, 1996). Because of the higher protein content 

in whole fish, unripened fish sauce produced from whole fish was darker and 

browning color development was faster than that from by-products, especially at 
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50oC. Most of the nitrogenous compounds in fish sauce are free amino acids and 

small peptides, which contribute to browning color development. Even though 

reducing sugar content in fish is low, carbohydrate derivatives such as glucose-6- 

phosphate and other substances presenting in metabolic pathway can also act as the 

reactants to initiate Maillard reaction (Kawashima and Yamanaka, 1996). 

Salt content in the fish sauce increased at Day 5, thereafter it remained 

constant at -250 to ~300 g/L during 60 days of fermentation (Table 2.3). But it 

was slightly higher than most Nampla, 250 g/L (Wilaipun, 1990). 

Relative gravity of Pacific whiting fish sauce reached the level (1.2g/mL) of 

commercial fish sauce (Table 2.1) after 30 days of fermentation (Table 2.3). Fish 

sauce produced at 50oC reached the commercial level faster than that at 350C. The 

increased concentration of solute dissolved in the liquid phase was responsible for 

the development of specific gravity. Increased relative gravity was due to greater 

solubility of amino acids and small peptides at higher temperature. 

The average soluble solid content in commercial fish sauce was between 40- 

56° Brix (Table 2.1). Soluble solid content of fish sauce produced from Pacific 

whiting and by-products had a soluble solid content of-40° Brix after 112 days of 

fermentation (Table 2.3). There was no difference (p>0.05) among unripenned fish 

sauce samples for the soluble solid content. Measurement of soluble solids with a 

refractometer enables us to estimate the degree of protein hydrolysis during 

fermentation. The refractive index of the solution is dependent on the amount of 
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free amino acid and small peptides released through protein degradation.   This 

method is a common tool for fish sauce industries to measure soluble solids. 

Table 2.3. Physicochemical characteristics of unripened fish sauce during 
fermentation. 

WHOLE FISH BY-PRODUCTS 

Characteristics Day 50oC 350C 50oC 350C 

pH 0 6.58 6.61 6.71 6.75 
5 6.39 6.43 6.12 6.19 
10 6.45 6.40 6.11 6.26 
15 6.32 6.29 6.17 6.11 
20 6.37 6.40 6.21 6.20 
30 6.34 6.32 6.20 6.17 
40 6.27 6.26 6.10 6.09 
60 6.27 6.24 6.20 6.13 

Moisture 0 72.4(0.1)* 72.4(0.1) 73.1(0.4) 73.1(0.4) 
Content in 5 69.6(0.1) 70.4(0.1) 69.7(1.0) 71.1(0.0) 

liquid phase 10 68.6(0.5) 69.5(0.6) 68.6(1.2) 70.5(1.4) 

(%) 15 68.4(0.1) 69.8(0.3) 69.8(0.0) 70.1(0.0) 
20 68.7(0.0) 69.6(0.0) 69.8(0.1) 69.8(0.0) 
30 68.3(0.1) 69.2(0.0) 69.6(0.0) 69.8(0.1) 
40 68.4(0.0) 69.0(0.0) 69.6(0.0) 69.6(0.0) 
60 68.0(0.0) 67.7(0.3) 69.1(0.1) 68.9(0.0) 

Browning 0 1.52(0.01) 1.70(0.00) 3.96(0.02) 2.28(0.00) 
color 5 0.35(0.00) 0.52(0.00) 0.37(0.02) 0.25(0.00) 

10 0.28(0.00) 0.23(0.01) 0.23(0.02) 0.25(0.01) 
15 0.41(0.02) 0.34(0.00) 0.28(0.01) 0.29(0.01) 
20 0.39(0.00) 0.32(0.00) 0.26(0.01) 0.27(0.00) 
30 0.50(0.01) 0.36(0.00) 0.33(0.01) 0.33(0.00) 
40 0.62(0.01) 0.57(0.01) 0.37(0.01) 0.38(0.00) 
60 0.81(0.01) 0.54(0.00) 0.51(0.01) 0.46(0.00) 
112 1.33(0.01) 0.58(0.00) 1.02(0.09) 0.38(0.02) 

* Number in parenthesis represents the standard deviation of mean 
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Table 2.3. (Continued). 

WHOLE FISH BY-PRODUCTS 

Characteristics Day 50oC 350C 50oC 350C 
Salt content 

(g/L) 
0 
5 
10 
15 
20 
30 
40 
60 

287(0)* 
319(5) 
296(0) 
366(0) 
343(10) 
308(10) 
379(0) 
290(5) 

290(10) 
389(5) 
296(0) 
348(0) 
331(0) 

302(10) 
314(0) 
258(5) 

253(0) 
470(9) 
305(0) 
331(0) 
319(10) 
296(0) 
314(0) 
290(5) 

253(0) 
415(5) 
305(0) 

337(10) 
319(10) 
296(0) 
308(20) 
290(5) 

Relative 
gravity 
(g/mL) 

0 
5 
10 
15 
20 
30 
40 
60 

1.17(0.01) 
1.18(0.01) 
1.18(0.00) 
1.19(0.01) 
1.21(0.01) 
1.22(0.01) 
1.21(0.00) 
1.21(0.01) 

1.17(0.01) 
1.17(0.01) 
1.16(0.00) 
1.16(0.00) 
1.19(0.01) 
1.20(0.02) 
1.19(0.02) 
1.24(0.02) 

1.17(0.01) 
1.17(0.01) 
1.17(0.02) 
1.20(0.02) 
1.19(0.02) 
1.21(0.02) 
1.22(0.01) 
1.22(0.01) 

1.17(0.01) 
1.17(0.03) 
1.18(0.02) 
1.18(0.03) 
1.20(0.02) 
1.20(0.02) 
1.22(0.02) 
1.23(0.02) 

Soluble solid 
(0Brix) 

0 
5 
10 
15 
20 
30 
40 
60 
112 

32.8(0.2) 
35.4(0.2) 
32.2(0.2) 
36.3(0.5) 
36.5(0.1) 
36.6(0.2) 
37.7(0.1) 
39.5(0.5) 
40.8(0.8) 

33.2(0.4) 
35.6(0.2) 
33.8(0.8) 
34.0(0.2) 
35.6(0.4) 
36.0(0.4) 
37.2(0.4) 
39.2(0.6) 
41.2(0.4) 

31.2(0.4) 
33.2(0.0) 
31.2(0.4) 
33.6(0.8) 
34.6(0.6) 
33.5(0.1) 
36.8(0.4) 
38.4(0.4) 
40.8(2.8) 

29.2 (0.4) 
32.6(0.7) 
34.0(0.4) 
34.4(0.4) 
34.5(0.3) 
34.4(0.2) 
37.2(0.4) 
39.0(0.6) 
40.4(0.4) 

* Number in parenthesis represents the standard deviation of mean 

The change in total nitrogen for Pacific whiting fish sauce fermentation was 

faster than for Nampla fermentation (Table 2.4). The release of water and soluble 

proteins from cells by osmotic pressure caused the increase in total nitrogen content 

during the first 10 days. Total nitrogen content in Nampla changed from 7 g/L to 

18 g/L during a nine-month fermentation period (Saisithi et al., 1966). It is the only 
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objective index used to classify the quality of Nampla (Wilaipun, 1990). High 

quality Nampla and Patis must have total nitrogen content of > 16.3 g N/L based on 

the Kjeldahl method (Wilaipun, 1990; Bersamin and Napugan, 1961). The total 

nitrogen content in fish sauce produced from whole Pacific whiting reached 16.3 g- 

N/L after -90 days of fermentation (not reported). However, the product from by- 

products reached this level after 112 days. The results suggested that fermentation 

time for fish sauce made from both whole Pacific whiting and by-products was 112 

days. In comparison, based on total nitrogen content (16.3 g N/L) 12 months of 

fermentation is needed for Nampla (Saisithi et al., 1966) and 154 days for Budu 

(Beddows et al., 1979). Faster production rates for fish sauce made from Pacific 

whiting and by-products was most likely caused by a combination of high 

enzymatic activity and grinding. The nitrogen conversion rate in fish sauce 

production increased when histidine was added (Sanceda et al., 1996). 

The salt-soluble protein (SSP) results indicated that bigger peptides were 

dissolved in unripened fish sauce (Table 2.4). Most of the peptides extracted from 

cells during the first 5 days of fermentation were small peptides which were 

dissolved in 5% TCA (Table 2.4). This phenomenon was more obvious when 

whole fish was incubated at 50oC. SSP and total nitrogen content increased rapidly 

after 5 days while TCA-soluble proteins (TSP) were constant (Table 2.4). These 

results confirmed that protein hydrolysis was effected by endopeptidases more than 

exopeptidases in fish sauce fermentation. The nitrogen content of whole fish 

increased faster than that of by-products. This is probably because of a difference 
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in total flesh content and other factors such as oxygen, water, force and other 

contaminants exposed in the processing line. 

Alpha-amino acids, good indicators of taste, reached 4.93 (g-Leu/L) for 

whole fish and 3.63 (g-Leu/L) for by-products when they were incubated at 50oC 

(Table 2.4). However higher values were obtained at 350C. The a-amino acids 

content was monitored during fermentation using the TNBS method. TNBS reacts 

with the free a-nitrogen group of proteins (Adler-Nisse, 1979). Using the TNBS 

method, release of high molecular weight peptides can be monitored during 

fermentation. The higher a-amino acid contents in unripened fish sauce fermented 

at 350C was likely due to the presence of exopeptidase activity. 

Unripened fish sauce produced from Pacific whiting and by-products had 

different color properties compared with the commercial products based on a* and 

b* values (Table 2.1 and 2.5). Yellowness was the dominant component in both 

commercial fish sauce and fish sauce made with Pacific whiting. Redness was the 

other color component in commercial fish sauce. Unripened Pacific whiting fish 

sauce possessed greenness instead of yellowness. Transformation of greenness to 

redness should occur during ripening process. Lightness had negative correlation 

with haze (-0.96) and chroma (-0.94) with adjusted R2= 0.91 and 0.88, respectively. 

During fermentation, haze decreased rapidly, but chroma and lightness slowly 

approached the desirable value, 58 and 75, respectively. Color is one of the quality 

factors used in the fish sauce industry. Color offish sauce is judged subjectively by 



65 

specialists. The only objective method to determine the color of fish sauce is by 

measuring absorbance at 420 nm (Table 2.3). From commercial fish sauce data, the 

correlation between absorbance at 420 nm and hue angle were -0.25 with adjusted 

R2=0.04. The low R2 value indicates that there was no relationship between the two 

methods, therefore, further studies to determine color values of fish sauce may be 

necessary. 
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Table 2.5. Changes in color characteristics in unripened fish sauce. 

WHOLE FISH BY-PRODUCTS 

Characteristics Day 50oC 350C 50oC 350C 
b* 0 

5 
10 
20 
40 

7.04(0.01) 
3.58(0.06) 
5.10(0.03) 
6.42(0.00) 
9.83(0.01) 

7.08(0.04) 
2.96(0.01) 
2.97(0.01) 
4.37(0.01) 
6.42(0.03) 

9.21(0.02) 
2.96(0.01) 
3.71(0.02) 
3.86(0.03) 
5.77(0.01) 

7.62(0.04) 
2.07(0.00) 
3.12(0.03) 
4.20(0.01) 
5.28(0.01) 

a* 0 
5 
10 
20 
40 

-0.57(0.02) 
-0.94(0.01) 
-1.39(0.01) 
-1.70(0.01) 
-2.43(0.01) 

-0.62(0.02) 
-0.83(0.01) 
-0.94(0.00) 
-1.33(0.01) 
-1.79(0.01) 

-0.61(0.01) 
-0.81(0.01) 
-1.08(0.00) 
-1.07(0.01) 
-1.51(0.01) 

-1.01(0.01) 
-0.74(0.01) 
-1.00(0.00) 
-1.28(0.01) 
-1.49(0.01) 

Hue angle 0 
5 
10 
20 
40 

94.6(0.1) 
104.7(0.4) 
105.4(0.0) 
104.9(0.0) 
103.9(0.0) 

95.0(0.2) 
105.7(0.2) 
107.5(0.0) 
107.0(0.1) 
105.6(0.1) 

93.8(0.0) 
105.4(0.1) 
106.2(0.1) 
105.4(0.1) 
104.7(0.1) 

97.6(0.0) 
109.8(0.1) 
107.8(0.2) 
107.0(0.1) 
105.8(0.1) 

Ha/e 0 
5 
10 
20 
40 

42.58(0.12) 
5.42(0.01) 
2.10(0.04) 
2.23(0.01) 
365(0.03) 

53.97(0.01) 
10.12(0.03) 
2.29(0.00) 
3.04(0.00) 
8.52(0.05) 

80.48(0.04) 
6.22(0.02) 
2.16(0.01) 
2.43(0.01) 
2.85(0.1) 

49.25(0.00) 
3.96(0.01) 
2.25(0.01) 
2.28(0.01) 
2.87(0.01) 

L* 0 
5 
10 
20 
40 

93.5(0.0) 
96.1(0.0) 
96.0(0.0) 
95.8(0.0) 
95.4(0.0) 

94.6(0.0) 
96.0(0.0) 
96.3(0.0) 
96.2(0.0) 
98.7(0.0) 

93.8(0.0) 
96.1(0.0) 
96.2(0.0) 
96.2(0.0) 
96.0(0.0) 

93.3(0.0) 
96.4(0.0) 
96.3(0.0) 
96.2(0.0) 
96.0(0.0) 

Chroma 0 
5 
10 
20 
40 

7.06(0.01) 
3.70(0.05) 
5.28(0.03) 
6.64(0.00) 
10.13(0.01) 

7.11(0.04) 
3.07(0.01) 
3.12(0.00) 
4.57(0.01) 
6.66(0.03) 

9.23(0.02) 
3.07(0.01) 
3.86(0.02) 
4.01(0.02) 
5.96(0.01) 

7.69(0.04) 
2.20(0.00) 
3.27(0.03) 
4.39(0.01) 
5.49(0.01) 

* Number in parenthesis represents the standard deviation of mean 
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The ammonia nitrogen reached the maximum level by Day 10 and rapidly 

decreased between Day 20 and Day 40 (Table 2.6). Then, the ammonia level did 

not change for the next 30 days. At Day 112, no ammonia was detected. The 

increased ammonia nitrogen content during the first 15 days was caused by fish 

enzymes which were active during early days of fermentation (Beddows et al., 

1980). Ammonia was one of the key components of volatile bases giving 

ammonical notes (Dougan and Howard, 1975). Volatile base increased to a 

maximum level after 9 months and then rapidly decreased (Saisithi et al., 1966). 

Table 2.6. Ammonia nitrogen 

WHOLE FISH BY-PRODUCTS 
Characteristics Day 50oC 350C 50oC 350C 

Ammonia 0 0.02 0.02 0.02 0.02 
Nitrogen 5 0.04 0.03 0.02 0.02 

(M) 10 0.06 0.04 0.03 0.03 
15 0.05 0.03 0.03 0.03 
20 0.04 0.03 0.02 0.02 
30 0.01 0.01 0.01 0.01 
40 0.02 0.02 0.01 0.01 
60 0.01 0.01 0.01 0.01 
112 0.00 0.00 0.00 0.00 
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Microbiological characteristics 

The patterns of microbial growth were similar for both aerobic and 

anaerobic plate counts (Table 2.7). The initial microorganism load was low (~102 

cfu/gram). The result was comparable to previous reports (>102 cfu/gram) 

(Wilaipun, 1990; Ijong and Ohta, 1996; Saisithi et al., 1966). Ijong and Ohta 

(1996) reported similar growth pattern in Bakasang processing. Beddows et al. 

(1979) proposed that aroma of fish sauce was generated by microbial means. 

Significant increase in the number of microorganisms was observed at 10 days of 

Pacific whiting fish sauce fermentation, 1000, 1950, and 5700 for whole fish 

incubated at 50oC, by-products incubated at 50oC and by-products incubated at 

35°C respectively, and then rapidly decreased. The number of microorganisms in 

whole fish incubated at 350C reached the maximum level on day 15 (320) and then 

decreased rapidly. After 20 days of fermentation, no microorganism count was 

observed. More than one hundred different strains were isolated. Three significant 

microbs were identified in all samples, Staphylococcus, Bacillus and Micrococcus 

(Table 2.8). It has been showed that Bacillus-type bacteria and Staphylococcus 

strain 109 have been isolated from Nampla and produce a measurable amount of 

volatile acids (Saisithi et al., 1966). In addition, Micrococcus, Coryneform, and 

Streptococcus are commonly found in fish sauce (Saisithi et al., 1966; Sands and 

Crisan, 1974; Ijong and Ohta, 1996). In addition to flavor development, 

Staphylococcus, Bacillus and Micrococcus also produced proteolytic enzymes 

which are active in the presence of high salt concentration (Norberg and Hofsten, 
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1968; Wilaipun, 1990 and Thongthai et al., 1992). However, the changes of species 

of Bacillus in Nampla during fermentation were also observed (Sands and Crisan, 

1975). This indicates that microorganisms play and important role in protein 

degradation during the later stage of fermentation when proteolytic enzymes from 

fish were inactivated by salt. 

Table 2.7. Changes of aerobic and anaerobic plate counts during fish sauce 
fermentation. 

WHOLE FISH BY-PRODUCTS 
Characteristics Day 50oC 350C 50oC 350C 

Aerobic 0 280 280 280 380 
plate counts 5 0 0 0 0 

(cfu/g) 10 1000 0 1950 5700 
15 380 320 1060 0 
20 0 0 0 0 

Anaerobic 0 250 112 250 250 
plate counts 5 0 0 0 300 

(cfu/g) 10 7000 0 7000 730 
15 800 200 800 0 
20 0 0 0 0 

At Day 0, the number of microorganisms was low because of freezing 

injury and salt effect. However, the number of halotolerant microorganisms 

increased after 5 days of fermentation and then decreased rapidly to undetectable 

level by 20 days of fermentation. It has been shown that the decrease in number of 

microbes during fermentation is caused by high concentrations of salt and changing 

pH in the fermentation tank (Jay, 1996). 
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Table 2.8. Major microorganisms identified during fermentation 

Fermentation day Microorganisms 
0 Staphylococcus saprophyticus 

Staphylococcus simulans 
Staphylococcus xylosus 

40 Micrococcus kritinae 
Staphylococcus xylosus 
Staphylococcus equorum 
Bacillus 

Relationships between physicochemical properties 

The objective quality index for fish sauce is primarily total mtrogen value 

from the Kjeldahl method. Unfortunately, the Kjeldahl method is time consuming, 

and laborious and uses dangerous chemicals. Thus, a less dangerous and more 

economical method is needed to predict total nitrogen content. Nitrogen content in 

the liquid phase increases by the degradation of fish protein via enzymatic action. 

Therefore, the amount of soluble peptides in the liquid phase indicates the 

characteristics of fish sauce. All properties of fish sauce made from whole Pacific 

whiting and by-products were used as parameters to predict the total nitrogen 

content after 20 days of fermentation. The a-amino acid content was selected as a 

major quality indicator during fermentation using stepwise regression analysis. 

Total nitrogen content (N) was expressed as a function of a-amino acid content 

(A), sample type (S), and fermentation day (D) using multiple linear regression 

analysis (Equation 1). 
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N = p0 + p.D + p2S + pjA : adjusted R2 = 0.84 (1) 

Estimated P SE(P) 

Po 9.3 0.81 

p. 0.1 0.01 

P2 -1.9 0.3 

P3 1.6 0.3 

When: S = 0 = whole fish @ 50oC 
S = 1 = by-products @ 50oC 
S = 2 = whole fish @ 350C 
S = 3 = by-products @ 350C 

After 112 days of fermentation, the values from the TNBS method were 

employed to predict total nitrogen content in samples. Results correlated well with 

the value from the Kjeldahl method, especially for the samples incubated at 350C. 

More samples can be tested by TNBS method than Kjeldahl method in a given 

period of time. Therefore, the TNBS method appears to be an easier method for 

monitoring fermentation. The TNBS method is widely used in cheese industry for 

determining the concentration of free amino groups in cheese but results are 

underestimated because of high levels of ammonia (Farkye and Fox, 1990). For 

fish sauce, the volatile nitrogen especially ammonia decreased rapidly after 10 

days. Because fermentation of fish sauce involves a much longer period, the 

influenced ammonia with the TNBS method should be insignificant. In addition, 

TNBS can 
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also be used for determining the degree of protein hydrolysis. For this data, a- 

amino acid content (A) was expressed as a function of soluble solid (B) and time 

(D) (Equitation 2). 

A= po + P^ +p2B   : adjusted R2 = 0.71  (2) 

Estimated P SE(P) 

Po -8.4 2.3 

p. 0.01 0.05 

P2 0.3 0.07 

This equation was suitable for estimation of the amount of a-amino acids only 

because of poor relationship between soluble solid and total nitrogen content 

(adjusted R2<0.65). After accounting for day and sample, the effect of soluble solid 

on total nitrogen content was not significant (p-value > 0.1). 
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Conclusions 

The apparent optimum fermentation condition for Pacific whiting was at 

50oC with 25% salt under static atmospheric conditions. The effective enzymes in 

fermentation were heat stable and salt tolerant. Fermentation at 50oC gave greater 

yields in shorter time than at 350C. All physical properties of unripened fish sauce 

samples reached levels equivalent to commercial fish sauce within 20 days, except 

absorbance at 420 nm and color. The increased nitrogen content in fish sauce was 

due to extraction of salt-soluble proteins during the early stages of fermentation 

followed by enzymatic degradation during later stages. After 112 days, total 

nitrogen content in all samples reached commercial level (16.3 g-N/L). 

Staphylococcus, Bacillus and Micrococcus were the predominant microorganisms 

found during fermentation. Alpha-amino acid content was a proper parameter for 

predicting the change of total nitrogen content during fermentation. Soluble solid 

content was a good index for monitoring protein degradation in fish sauce 

production. 
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Abstract 

Autolytic enzymes in Pacific whiting were heat and salt tolerant. Serine 

proteases, cathepsin L-like enzymes, and metalloproteases played a significant role 

in hydrolyzing proteins in whole Pacific whiting during fermentation at 50oC. 

Cathepsin L-like enzymes and trypsin-like enzymes were active during the 

fermentation of by-products at 50oC. At 350C, serine proteases, cathepsin B-like 

enzymes, trypsin-like enzymes, and metalloproteases were responsible almost 

equally for protein hydrolysis in whole fish. By-products were degraded mainly by 

cysteine proteases during fermentation at 350C. However, serine proteases and 

trypsin-like enzymes also had some roles during fermentation at 350C. 

Chymotrypsin had little role but the activity did not change during fermentation. 

Cathepsin H appeared to contributeto protein hydrolysis, but it was not as 

significant as other cathepsins. 

Key words: autolytic, enzymes, whiting, by-products, fish sauce 
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Introduction 

Fish sauce is the clear brown liquid hydrolysate from salted fish. 

Proteolytic enzymes in fish are responsible for protein degradation (Beddows and 

Ardeshir, 1979; Orejana and Listen, 1982; Haard, 1992). Visceral enzymes (acid 

proteinases and alkaline proteinases), and muscle enzymes (cathepsins) are the 

major enzymes for the degradation of fish muscle tissue (Del Rosario and Maldo, 

1984; Gildberg, 1994; Orejana and Liston, 1982; Uyenco et al., 1952). 

Amino acids and peptides, which are produced through the enzymatic 

degradation of fish proteins, served as substrates for both microorganisms and 

chemical reactions to create the unique aroma of fish sauce. Back and Cadwallader 

(1996) reported that thermally generated volatiles are developed from amino acids 

and peptides generated by the enzymatic hydrolysis of fish protein. Amino acids 

and peptides are also believed to generate Maillard type volatiles (Rizzi, 1989). 

Fish sauce fermentation typically takes > 12 months in Thailand (Saisithi et 

al., 1966). Many researchers have attempted to shorten the processing time. 

Beddows and Ardeshir (1979a) and Santos et al. (1968) used proteases from plants 

(bromelain, papain, and ficin) to accelerate fish sauce fermentation. Bromelain 

gave the best results (Beddows and Ardeshir, 1979a; Beddows et al., 1976). Squid 

hepatopancreas and squid-liver enzymes shortened the fermentation and gave 

acceptable products (Raksakulthai et al, 1986; Kim et al, 1999; Choi et al., 1999). 

In addition, acid hydrolysis has been used to solubilize fish protein and to increase 

liquid yield (Beddows and Ardeshir, 1979b) 
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Pacific whiting was not commercially utilized, until the establishment of 

surimi processing in 1991, because of its typical soft texture. Due to Pacific 

whiting's potent muscle degrading enzymes, it was hypothesized that fish sauce 

could be made from Pacific whiting in a shorter time period than from traditional 

fish species such as anchovies. Amano (1962) suggested that different fish species 

have different types of enzymes and therefore there would be a variable affect on 

fish sauce fermentation. In addition to digestive enzymes, Pacific whiting also 

possesses very strong lysosomal enzymes (cathepsin B, cathepsin H, and cathepsin 

L) (An etal., 1994a). 

Our objective was to characterize enzymes of Pacific whiting and its by- 

products during fish sauce fermentation. 

Materials and Methods 

Materials 

Pacific whiting (Merluccius productus) and its by-products, collected after 

the filleting process, were obtained from a local surimi processing plant. Whole 

fish and by-products were stored at -20oC until needed. 

Chemicals 

All chemicals (substrates, inhibitors and other chemicals) were purchased 

from Sigma Chemical Co. (St. Louis, MO). 1) Substrates: hemoglobin, a-N- 
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benzoyl-D,Lagrinine-p-nitronilide (BAPNA), glutaryl-L-phenylalanine-p- 

nitroanilide (GPNA), N-carbobnzoxy-Phe-Arg-7-amido-4-methylcoumarin (Z-Phe- 

Arg-NMec), Z-Arg-Arg-NMec, L-Arg-Nmec; 2) Inhibitors: l-(L-trans- 

epoxysuccinyl-leuylamino)-4-guanidinobutane (E-64), pepstatin (PEP), 1,10- 

phenanthroline (PHE), soy bean trypsin inhibitor (SBTI), phenylmethylsulfonyl 

fluoride (PMSF), tricholoroacetic acid (TCA), iodoacetic acid, glacial acetic acid; 

3) Other chemicals: bovine serum albumin (BSA), tyrosine standard, leucine 

standard, Brij35, and dimethyl sulfoxide (DMSO). 

Fish sauce preparation 

Frozen whole fish and by-products were ground with a heavy-duty grinder 

(Atutio, model 601 HP 5HP, Astoria, OR). Two hundred and ten grams of each raw 

material were mixed with salt (70 g). Samples were prepared by putting 6 layers of 

ground meats and 7 layers of salt one by one in high-density polyethylene (HDPE) 

container. The container was covered with a snapped-HDPE lid to limit 

evaporation but to maintain aerobic conditions. Samples were incubated at 350C 

and 50oC.   Samples were collected after 0, 5,10,15 and 20 days of fermentation 

Preparation of crude extract 

The salted-ground sample was homogenized using an Osterizer blender 

(Schaumburg, IL) at high speed for 20 seconds.   The homogenized samples were 
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centrifiiged at 15,000 rpm for 20 min. The supernatant was kept at -80°C and was 

referred to as "crude extract". 

Enzyme assay 

The pH of all assay buffers was adjusted to the pH level of crude extract 

samples. Total proteolytic activity was determined at 350C or 50oC using 

hemoglobin as a substrate according to the method of An et al. (1994a). The 

reaction mixture consisted of 100 )i.L of crude extract, 625 |iL of Mcllvine buffer, 

and 525 (iL of substrate solution containing 2 mg protein. The mixture was 

incubated at 350C or 50oC for 60 min. The reaction was terminated by adding 200 

|4,L of cold TCA solution (50 %). The mixture was centrifiiged at 8,100 rpm for 3 

min to remove precipitates. The blank was carried out in the same manner, except 

that crude extract was added after the addition of TCA solution (50%). The 

concentration of oligopeptides in the supernatant was determined by the Lowry 

method (Lowry et al., 1951) using tyrosine as a standard. One unit of activity was 

defined as the amount of enzyme releasing 1 nmol of tyrosine per min. 

Trypsin amidase activity was assayed using BAPNA as a substrate 

(Erlanger et al., 1961; Garcia-Carreno et al., 1994). BAPNA (ImM) was dissolved 

in 1 mL of DMSO and then made to 100 mL with 0.2 mM Mcllvine buffer 

containing 20 mM CaClj. The mixture was preincubated at reaction temperature 

(350C or 50oC) for 3 min.  The reaction was initiated by adding 25 \iL of crude 



84 

extract into 1250 |J.L of preincubated mixture. The mixture was incubated at 350C 

or 50oC for 10 min. The reaction was terminated by adding 250 (iL of ice-cold 

acetic acid (30%) and then the absorbance (A) at 410 nm was recorded against 

water blank. The control was assayed in the same manner, except that crude extract 

was added after addition of acetic acid (30%). One unit of enzyme activity was 

defined as the AA/min. 

Chymotrypsin activity was measured using GPNA as a substrate (Erickson 

et al. 1983). Mcllvine buffer containing 1000 nL CaCl2 (16.7 mM) and 1000 \iL 

GPNA (0.83 mM) were mixed and incubated at 350C or 50oC for 3 min. The 

reaction was initiated by adding 1000 ^L of crude extract into preincubated mixture 

and then incubated at 350C or 50° for 60 min. The reaction mixture was stopped 

with 1000 nL of TCA solution (10%). The absorbance (A) at 410 nm was recorded 

against water blank. The control was assayed in the same manner, except that 

crude extract was added after addition of TCA solution (10%). One unit of 

chymotrypsin activity was determined as the AA/min at the specific pH and 

temperature. 

Cathepsin L, B and H acitivity was measured using Z-Phe-Arg-NMec, Z- 

Arg-Arg-NMec and L-Agr-NMec as substrates, respectively (Barrett and Kirscke, 

1981). Crude extract (100 nL) was diluted to 500 (XL with 0.1% Brij 35. The 

mixture was preincubated in 250 ^iL Mcllvine buffer at 350C or 50oC for 1 min. 

The reaction was initiated by adding 250 ^iL of each substrate (20 (xM) into the 
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preincubated mixture. After 10 min, 200 ^L iodoacetic acid (5 mM) was added to 

stop the reaction. Methylcoumarin released was determined at excitation 

wavelength of 370 nm and emission wavelength of 460 nm using an luminescence 

spectometer LS SOB (Perkin-Elmer Limited, Beaconfield, England). One unit of 

activity was expressed as A fluorescence intensity/min. 

Inhibitory studies 

The effect of E-64 [cysteine protease inhibitor], PEP [pepsin inhibitor], 

PHE [metalloprotease inhibitor], SBTI [trypsin inhibitor] and PMSF [serine 

protease inhibitor] on hydrolysis of hemoglobin and the inhibitory effect of SBTI 

on BAPNA-hydrolysis activity were evaluated. The effect of inhibitor mixture 

consisted of E-64, PEP, SBTI, PMSF on GPNA-hydrolysis activity was also 

determined. E-64 was used as a specific inhibitor for hydrolytic activity against Z- 

Phe-Arg-NMec, Z-Arg-Arg-NMec and L-Arg-NMec. Crude extract (100 |iL) was 

incubated with lOO^iL of inhibitors for 10 min prior to measuring general 

proteolytic activity, trypsin-like activity, chymotrypsin-like activity, 

cathepsin L activity, cathepsin B activity, and cathepsin H activity. Final 

concentrations of all inhibitors were 10 nM E-64, 1 mg/L PEP, ImM PHE, 100 

mg/L SBTI, and 1 mM of PMSF. 
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Results and Discussion 

Total proteolytic activity 

At 50oC, total proteolytic activity of whole fish and by-product samples 

gradually declined and reached undetectable levels after Day 20 (Table 3.1). In 

whole fish, trypsin-like enzymes and other serine proteases, alkaline proteases, 

affected to most of the activity because of near neutral pH (6.6-6.4). Cysteine 

proteinases also had a significant role on protein degradation. Metalloproteases 

showed a significant role after 5 days but the activity gradually decreased as the 

incubation time was extended. The activity of metalloproteases in whole fish at 

50oC remained longer than the other's which diminished before Day 15. After Day 

10, metalloproteases were the predominant enzymes during fish sauce fermentation. 

Kolodziejska and Sikorski (1996) reviewed that metalloproteases (myosinase I and 

II) actively hydrolyze myosin at 40oC and pH 7.0. The activity of pepsin-like 

enzymes was not significant in the fermentation of whole fish at 50oC. The 

reduction of pepsin-like enzyme activity was caused by inhibition effects of high 

salt concentration as well as changed pH and temperature (Oregana and Listen, 

1982; Vecchi and Coppes, 1996). 

Trypsin-like enzymes contributed to most of the autolytic activity of by- 

products at 50oC (Table 3.1). However, these activities were higher and remained 

longer than in whole fish. This could be explained by by-products having a higher 

total concentration of digestive enzymes than whole fish. In addition to trypsin-like 

enzymes and serine proteases, cysteine proteases also have a significant role on 
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autolysis of by-products at 50oC. Metalloproteases in by-products rapidly 

decreased as fermentation time was extended. This was different from whole fish 

at the same temperature. Pepsin-like enzyme activity rapidly decreased in whole 

fish. Pepsin-like proteinases were found as the predominant enzyme in by-products 

at the beginning of fermentation, but there were not stable due to the alteration of 

temperature and pH (Benjakul et al., 1999). Although the autolytic activity in by- 

products was high, the amount of protein in unripened fish sauces produced from 

whole fish was higher than that from by-products. This was probably due to a 

whole fish having more flesh than by-products to serve as a substrate for enzymes. 

Frame, skin, head, and blood were main component of by-products, and, as a result, 

were more difficult to hydrolyze for trypsin-like enzymes, serine proteases, and 

cysteine proteases. Fortunately, the total nitrogen content of unripened fish sauce 

produced from by-products was acceptable for high quality fish sauce, which 

requires >16.3 g-N/L (Lopetcharat ant Park, 1999). However, it needed longer 

fermentation time than whole fish to attain this level. 

At 350C, total proteolytic activity of whole fish showed a different pattern 

from whole fish fermented at 50oC (Table 3.1). Proteolytic activity of whole fish at 

350C reached the maximum level at Day 10, which was the highest activity among 

samples. Pepsin-like enzymes and metalloproteases were dominant as well as 

cysteine proteases and trypsin-like enzymes. Serine proteases had the lowest 

activity, however total activity was still considerable. A higher enzymatic activity 

of samples fermented at 350C, Day 10, was observed; however, total nitrogen 
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content of unripened fish sauce fermented at 35°C was lower than that at 50oC. 

Therefore, proteolytic enzymes in whole fish at 350C at Day 10 did not have 

significant effect on protein hydrolysis (Lopetcharat and Park, 1999). 

At 350C, the proteolytic activity of by-products rapidly increased in a 

manner similar to that at 50oC during the first 5 days. Activity continued to 

increase until Day 10 (Table 3.1). However, at Day 15, activity decresed. As the 

fermentation was extended, there was a slight decrease at Day 20. Cysteine 

proteases were the predominant enzymes in fermentation of by-products at 350C as 

at 50oC. However, the activity of the cysteine proteases in by-products at 350C 

remained longer and stronger than at 50oC. Trypsin-like enzymes and serine 

proteases also had a significant role on total proteolytic activity of by-products at 

350C. Benjakul et al. (1999) reported the activity of trypsin-like proteinase from 

Pacific whiting solid waste. However, these enzyme activities tended to decrease 

as the fermentation time was extended. 

After accounting for the difference between samples, whole fish and by- 

products, the proteolytic activity at 50°C tended to decrease as fermentation time 

was prolonged and reached undetectable levels after 20 days. On the other hand, 

enzymes in samples fermented at 350C still had some activity left after 20 days. 

The activities of samples fermented at 50oC were higher than at 350C during the 

first 10 days (Table 3.1). Pacific whiting and its by-products fermented at 50oC 

with 25% salt had higher total nitrogen content than at 350C (Lopetcharat and Park, 

1999).  These resulted indicated that the activities of enzymes during the first 10 
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days of fermentation were responsible for most of total nitrogen content in 

unripened fish sauce. Gildberg (1994) reported the general proteolytic activity in 

fish sauce fermented from Atlantic cod at 270C declined rapidly after 4 days and 

diminished after 25 days. The unripened fish sauce produced at 350C had higher a- 

amino acid contents than that produced at 50oC after 112 days of fermentation 

(Lopetcharat and Park, 1999). This resulted was supported by the activities 

remaining after Day 20 in samples incubated at 350C, particularly cysteine 

proteases (probably cathepsin B-like enzymes), serine proteases, and 

metalloproteases, which posses exopeptidase activity. In addition, results indicated 

that endopeptidases were active and responsible for total nitrogen content in 

unripened fish sauce. However some exopeptidases, such as carboxypeptidase b, 

were active in samples particularly at 350C after 20 days (Lopetcharat and Park, 

1999; Benjakul et al., 1999). 

In whole fish, many types of enzymes were involved in the total proteolytic 

activity in fermentation because the pH values of the samples were near neutral 

(6.4-6.6). Previous research was demonstrated that near neutral pH conditions, 

trypsin-like enzymes, chymotrypsin-like enzymes, and other serine proteases still 

have activity at both temperatures (350C and 50oC) (Harrd, 1992). In addition to 

those enzymes, cysteine proteases are also active at the pH ranges of whole fish. 

However, cathepsin D was reported to lose all activity under 25% NaCl 

(Makinodan et al., 1991).  From this study, the results also showed that, not only 
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serine proteases and cysteine proteases contributed equally to the autolytic activity 

in whole fish, but also metalloproteases had a significant role in protein degradation 

during fermentation of whole fish samples (Table 3.1). On the contrary, 

metalloproteases did not contribute to autolytic activity in by-products significantly 

(Table 3.1). Cysteine proteases were active during the fermentation of by-products. 

Serine proteases and trypsin-like enzymes were active but had less activity than 

cysteine proteases all along the fermentation of by-products. Alkaline proteinase 

(III), trypsin-like emyme, and acid proteinase (II), pepsin-like enzyme, were stable 

under 25% NaCl condition but other enzymes were not (Noda et al., 1982). 
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Table 3.1. Total proteolytic activity and the residual activities after treating 
with specific inhibitors 

Day Total proteolytic 
activity (U/mL) 

Activity (U/mL) inhibited by* 
E-64 PEP SBTI PMSF PHE 

WHOLE FISH 0 15.3(3)** 3.3(3) NS NS NS ND 
50oC 5 25.9(11) 13.4(3) 4.4(4) 25.9(11) 25.9(11) 17.8(13) 

10 8.6(4) NS*** ND ND NS NS 
15 NS ND**** NS NS NS ND 
20 ND ND ND ND ND ND 

WHOLE FISH 0 4.9(3) NS NS NS NS ND 
350C 5 13.5(0) 13.5(0) 9.1(8) 13.5(0) 13.5(0) 12.4(2) 

10 29.3(14) 19.8(11) 23.4(14) 16.5(13) 19.3(11) 22.6(13) 
15 ND ND ND ND ND ND 
20 2.4(0) 69.36(20) 2.4(0) NS 1.7(1) 1-5(1) 

BY-PRODUCTS 0 38.4(3) 29.1(1) 30.1(4) 31.5(1) 33.3(3) 20.1(18) 
50oC 5 10.9(10) 10.9(10) 10.9(10) 10.9(10) 10.9(10) 10.9(10) 

10 10.9(2) 6.1(5) ND 6.5(5) 4.2(4) NS 
15 6.5(4) 1.2(1) NS 2.2(2) NS NS 
20 7.7(1) 7.7(1) 7.7(1) 7.7(1) 4.8(4) 4.8(4) 

BY-PRODUCTS 0 32.3(30 28.0(2) 32.2(8) 28.8(2) 25.9(14) 28.4(2) 
350C 5 11.0(1) NS 5.0(5) 4.0(3) 8.4(2) 3-7(6) 

10 8.3(1) NS ND ND ND ND 
15 15.2(11) 8.9(6) 4.0(4) 8.2(8) NS NS 
20 13.5(9) 10.1(9) NS 3.3(3) ND NS 

*      Inhibited activity was calculated by substracting residual activity after treating with 
specific inhibitor from total proteolytic activity 

**     The number in parenthesis represents standard deviation of mean 
***   NS = not significant (standard deviation > mean) 
**** ND = non-detectable 
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Trypsin-like enzyme activity 

Trypsin-like activity was monitored during fermentation using BAPNA as 

substrate and SBTI as the specific inhibitor (Table 3.2). BAPNA-hydrolysis 

activity decreased rapidly during the first 5 days for every treatment. The activity 

of trypsin-like enzymes at 350C was higher than that of at 50oC, in both whole fish 

and by-products. After five days, BAPNA hydrolysis activity reached undetectable 

levels. From the total proteolytic activity (Table 3.1), there were evidences of those 

trypsin-like enzymes and other serine proteases, which were still active during 

fermentation. Because of poor substrate susceptibility to enzymes under these 

conditions, BAPNA hydrolysis did not proceed well and resulted in low activity. 

Noda et al. (1982) reported that the lowest inhibition occurred when muscle protein 

was used as a substrate. However, combining the results from total proteolytic 

activity and BAPNA-hydrolysis activity suggested that trypsin-like enzyme activity 

was significant during first 5 days and then rapidly decreased. Many reports have 

shown that the activity of digestive enzymes in fish, particularly trypsin and 

chymotrypsin, contribute to protein degradation in fish sauce fermentation. In 

Pacific whiting, both serine proteases and cysteine proteases contribute to protein 

hydrolysis in fish sauce fermentation. 

It has been reported that residue trypsin activity in pickled herring brine 

decreased dramatically within 20 days (Simpson and Haard, 1984). Oregana and 

Liston (1982) reported that trypsin was active during the first month of Patis 

fermentation and then rapidly decreased. After that, its activity remained very low 
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throughout the fermentation period. The accumulation of amino acids, peptides and 

some trypsin inhibitor, Oj-macroglobulin and angiotensin I in fish blood were 

believed to inhibit trypsin (Oregana and Liston, 1982; Simpson and Haard, 1984 

and Okamoto et al., 1995). 

Table 3.2. Trypsin-like enzyme activity 

Trypsin-like activity* (TJ/mL) 
WHOLE FISH BYPRODUCTS 

DAY 50 0C 350C 50 0C 350C 
o 
5 

0.035(0.031)** 0.268(0.027) 
ND 

NS*** 
ND 

0.161(0.279) 
ND 

10 ND ND ND ND 
15 ND ND ND ND 
20 0.021(0.037) ND ND ND 

* rrypsin-like activ ity was calcula ited by substrac :ting residue 
BAPNA-hydrolysis activity after incubated with SBTI from 
BAPNA-hydrolysis activity without any inhibitor 

* *    The number in parenthesis represents standard deviation of mean 
***  NS = not significant (standard deviation > mean) 
**** ND = non-detectable 

In addition, it has been demonstrated that melanoidin from the Maillard 

reaction, has an allosteric inhibitory effect on trypsin especially in fish sauce 

(Hirano et al., 1996a). Researchers believed it trapped trypsin molecules, binded 

them and then reduced their activity (Hirano et al., 1996b). 
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Gildberg (1994) reported the recovery of trypsin from fish sauce 

fermentation tanks. He indicated that trypsin was inactivated during fish sauce 

fermentation but could be reactivated. 

Chymotrypsin-like enzyme activity 

Chymotrypsin-like enzymes activity was monitored using GPNA as a 

substrate. The inhibitor mixture consisted of E-64, PEP, SBTI, and PHE. The 

GPNA hydrolysis activity of enzymes in all samples was very low, but detectable 

(Table 3.3). No sign of activity reduction was detected. Hirano et al. (1996a) 

reported that melanoidin did not have any inhibitory effect on chymotrypsin 

activity in fish sauce. In addition, Ashie and Simpson (1996) reported an inhibitory 

effect of c^-macroglobulin on chymotrypsin. 

In all, these results suggest that chymotrypsin-like activity does not have a 

significant role on protein degradation in fish sauce fermentation. At late stages of 

fish sauce fermentation, chymotrypsin is recovered from the fermentation tanks and 

still active; meanwhile, trypsin is not active (Gildberg, 1994). Thus, it appears 

chymotrypsin-like enzymes play a role in the later stages of production by slowly 

digesting peptides. In addition, it was suggested by Heu et al. (1995) that 

chymotrypsin is a main contributor to the hydrolysis of tissue protein during 

anchovy sauce production. 
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Table 3.3. Chymotrypsin-like enzyme activity 

Chymotrypsin-like activity* (mU/mL) 
WHOLE FISH BYPRODUCTS 

DAY 50 0C 350C 50 0C 350C 
0 2(0)** 4(0) 3(0) 4(1) 
5 6(0) 4(2) 1(0) 8(1) 
10 12(1) 2(0) 6(1) 3(0) 
15 3(1) 2(0) 4(1) 2(1) 
20 9(3) 3(0) 6(2) 2(0) 

* Chymotrypsin-like activity was calculated from residue activity 
of GPNA-hydrolysis activity after incubated with inhibitor mixture 

**    The number in parenthesis represents standard deviation of mean 

Cathepsin-like enzyme activity 

Cathepsin B-like activity of samples incubated at 350C (optimum 

temperature for cathepsin B in Pacific whiting) was much higher than the activity in 

samples fermented at 50oC (Table 3.3a). Results suggest that cathepsin B-like 

enzymes hydrolyzed protein during the first 10 days of fermentation for samples 

fermented at 350C. They also indicated that cathepsin B-like enzymes in Pacific 

whiting had salt tolerant ability at optimum temperature and pH 6.0-6.0 (Asghar 

andBhatti, 1987). 

At 50oC, cathepsin B-like enzymes did not have any significant role on 

protein degradation. An et al. (1994a) reported that cathepsin B was the most 

active cysteine proteases in the fillet of Pacific whiting and it is easily washed out 

during surimi processing.   It indicated that cathepsin B interacted with salt more 
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effectively than cathepsin L, which associated firmly with muscle protein and had 

more stability. 

The cathepsin H-like activities of all samples were much lower than 

cathepsin B-like activity (Table 3.3b). The activity of cathepsin H-like enzymes 

diminished after 10 days except the activity for whole fish incubated at 50oC. The 

activity at 350C was higher than at 50oC because the optimum temperature for 

cathepsin H is 20°C in Pacific whiting (An et al., 1994a). All samples had a pH in 

the preferable range for cathepsin H, 5.5-6.5, but the change of temperature and the 

high concentration of salt caused the inactivation of enzymes (Asghar and Bhatti, 

1987). 

Cathepsin L-like activity of whole fish and its by-products fermented at 

50oC was much higher than that of samples incubated at 350C (Table 3.3c). The 

activities in all samples, in whole fish incubated at 350C, diminished after 10 days. 

These results showed that cathepsin L-like enzymes were more stable under 25% 

salt condition than cathepsin B-like and H-like enzymes in samples at 50oC. 

Cathepsin L-like enzyme activity was more stable than cathepsin B-like and 

cathepsin H-like enzymes because it was still associated with fish myofibrillar 

protein (An et al., 1994a). This indicated that since cathepsin L associated strongly 

with muscle protein, it was more difficult for salt to penetrate and inactivated it. 

Although pH of samples was higher than the optimum pH for cathepsin L in Pacific 

whiting, 5.5 (An et al., 1994b), cathepsin L-like activity was observed in all 

samples.   An et al., (1994a and 1994b ) reported that cathepsin L had relatively 
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high activity at the pH range for 6.0-6.5 in Pacific whiting fillet.  Benjakul et al. 

(1996) reported that cathepsin L was found to be active in Pacific whiting surimi 

Table 3.4. Cathepsin-like enzyme activity* 

Cathepsin B-like activity (U/mL) 
WHOLE FISH BYPRODUCTS 

DAY 50 0C 350C 50 0C 350C 
0 
5 
10 
15 
20 

ND**** 
NS 
ND 

268.1(174) 
ND 

NS*** 
23647.1(10980) 

ND 
ND 
NS 

NS 
ND 
ND 
NS 
ND 

NS 
2621.1(289)** 

ND 
NS 

227.64(79) 

Cathepsin H-like activity (U/mL) 
WHOLE FISH BYPRODUCTS 

DAY 50 0C 350C 50 0C 350C 
0 356.9(113) 795.7(215) 253.7(59) 718.6(177) 
5 NS 158.21(145) ND ND 
10 14.1(8) NS 178.4(152) ND 
15 NS NS ND NS 
20 192.3(85) ND ND ND 

Cathepsin L-like activity (U/mL) 
WHOLE FISH BYPRODUCTS 

DAY 50 0C 350C 50 0C 350C 
0 
5 
10 
15 
20 

1131.4(219) 
1538.3(140) 
1350.9(15) 

ND 
NS 

398.4(53) 
NS 

449.2(134) 
NS 

158.0(20) 

638.8(105) 
310.9(57) 

567.7(142) 
ND 
ND 

365.9(14) 
138.8(89) 
173.9(20) 

ND 
ND 

*        The activity was calculated by substracting residual activity 
(using spedific substrate for each type of cathepsins) after incubated 
with E-64 from specific-substrate hydrolysis activity without E-64 

**    The number in parenthesis represents standard deviation of mean 
***   NS = not significant (standard deviation > mean) 
**** ND = non-detectable 
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wash water. The activity of cathepsin L-like enzymes at 350C was very low in by- 

products composed with internal organs but not muscle parts, which contain most 

of cathepsin L in fish. Del Rosario and Maldo (1984) found that cathepsin A and C 

contributed to protein degradation during Patis production, using Decapterus 

macrosoma as raw material. Amano (1962) suggested that different fish species 

employed different enzymes for hydrolyzing protein in fish sauce fermentation 

Conclusions 

At 50oC, serine proteases and cysteine proteases (particularly cathepsin L- 

like) had a significant role on whole Pacific whiting fish sauce fermentation. In the 

by-products, cysteine proteases (cathepsin L-like) and trypsin-like enzymes were 

active in fish sauce fermentation. At 350C, serine proteases, cysteine protease, 

trypsin-like enzymes and metalloprotease were responsible for solubilization of 

protein in whole fish. At this temperature, cathepsin B-like enzymes had a more 

significant role than cathepsin L-like. Chymotrypsin had little role during 

fermentation and the activity did not change much during fermentation. Cathepsin 

H-like enzymes contributed to protein hydrolysis but it was not as much as 

cathepsin B-like and L-like enzymes in whole fish and by-products at both 

temperatures. 



99 

References 

Amano, K. 1962. The influence of fermentation in the nutritive value offish with 
special reference to fermented fish products of Southeast Asia, F.A.O. 
Intern. Symp. In Fish in Nutrition, p. 18. Heen E. and Kreuzer, R. (Ed.) 
Fishing News Ltd., London, UK. 

An, H., Seymour, T.A., Wu, J. and Morrissey, M.T. 1994a. Cathpsin Degradation 
of Pacific whiting surimi proteins. J. Food Sci. 59: 1013-1017,1033. 

An, H., Seymour, T.A., Wu, J. and Morrissey, M.T. 1994b. Assay systems and 
Characterization of Pacific whiting (Merluccius productus) protease. J. 
Food Sci. 59:277-281. 

Asghar, A and Bhatti, A.R. 1987. Endogenous proteolytic enzymes in skeletal 
muscle: Their significance in muscle physiology and during postmortem 
aging events in carcasses. In Adv. Food. Res. CO. Chichester, E.M. Mark 
and B.S. Schweigert (Ed.) vol 31: p. 343-451. Academic Press. New York, 
NY. 

Ashie, I.N.A. and Simpson, B.K. 1996. Oj-Macroglobulin inhibition of endogenous 
proteases in fish muscle. J. Food Sci. 61: 357-361. 

Bake, H.H. and Cadwallader, K.R. 1996. Volatile compounds in flavor concentrates 
produced from crayfish-processing byproducts with and without protease 
treatment. J. Agric. Food Chem. 44: 3262-3267. 

Barrett, A.J. and Kirschke, H. 1981. Cathepsin B, cathepsin H and cathepsin L. 
Meth. Enzymol. 80: 535-561. 

Beddows, C.G. and Ardeshir, A.G. 1979a. The production of soluble fish protein 
solution for use in fish sauce manufacture: I. The use of added enzymes. J. 
Food Tech. 14:603-612. 

Beddows, C.G. and Ardeshir, A.G. 1979b. The production of soluble fish protein 
solution for use in fish sauce manufacture. II. The use of acids at ambient 
temperature. J. FoodTechnol. 14: 613-623. 

Benjakul, S., Morrissey, M.T., Seymour, T.A., and An, H. 1999. Proteolytic 
activities in solid wastes and digestive organs of Pacific whiting. OSU- 
Seafood Laboratory, 
Astoria, OR. 



100 

Benjakul, S., Seymour,T.A., Morrissey, M.T. and An, H. 1996. Proteinase in 
Pacific whiting surimi wash water: Identification and characterization. 
J.FoodSci.61: 1165-1170. 

Choi, Y.J., Kim, I.S., Cho, Y.J., Seo, D.H. and Park, J.W. 1999. Characterization of 
hydrolytic fragments from anchovy sauce and actomyosin. Presented in 
annual meeting of Institute of Food Technologists. Chicago.   IL. July 24- 
28. 

Del Rosario, R.R. and Maldo, S.M. 1984. Biochemistry of Patis formation I: 
Activity of cathepsins in Patis hydrolysates. Phil. Agr. 67: 167-175. 

Erickson, M.C., Gordon, D.T. and Anglemier, A.F. 1983. Proteolytic activity in the 
sarcoplasmic fluids of parasitized Pacific whiting (Merluccius productus) 
and unparasitized true cod (Gadus macrocephalus) J. Food Sci. 48: 1315- 
1319. 

Erlanger, B.F., Kokowsky, N., and Cohen, W. 1961. The preparation and properties 
of two new chromogenic substrates of trypsin. Arch. Biochem. Biophys. 95: 
271-278. 

Garcia-Carrefio, F.L., Hernandez-Cortes, M.P. and Haard, N.F. 1994. Enzymes 
with peptidase and proteinase activity from the digestive systems of a 
freshwater and Marine decapod. J. Agric. Good Chem. 42: 1456-1461. 

Gildberg, A. 1994. Recovery of tryptic enzymes from fish sauce. Process 
Biochemistry. 29: 151-155. 

Harrd, N.F. 1992. A review of proteolytic enzymes from marine organisms and their 
application in the food industry. J. Aqua. Food Prod. Tech. 1: 17-35. 

Heu, M.S., Kim, H.R. and Pyeun, J.H. 1995. Comparison of trypsin and 
chymotrypsin from the viscera of anchovy, Engraulis japonica. Comp. 
Biochem. Physiol. 112B: 557-567. 

Hirano, M., Miura, M. and Gomyo, T. 1996a. Inhibiting effect of browned 
processed foods on trypsin. Biosci. Biotech. Biochem. 60: 880-882. 

Hirano, M., Miura, M. and Gomyo, T. 1996b. Kinetic analysis of the inhibition by 
melanoidin of trypsin. Biosci. Biotech. Biochem. 60: 458-462. 



101 

Kim, I.S., Cho, Y.J., Im, Y.S., Park, J.W. and Choi, Y.J. 1999. Hydrolysis of salted 
anchovy sauce and actomyosin by various proteases. Presented in annual 
meeting of Institute of Food Technologists. Chicago, IL. July 24-28. 

Kolodziejska, I and Sikorski, Z.E. 1996. Neutral and alkaline muscle proteases of 
marine fish and invertebrates: A review. J. Food Biochem. 20: 349-363. 

Lopetcharat, K and Park, J.W. 1999. Physicochemical and microbiological 
characteristics offish sauce made from Pacific whiting and surimi by- 
products. J. Food Science.   (Submitted). 

Lowry, O.H., Rosebrough, N.J., Farr, A.L. and Randall, R.J. 1951. Protein 
measurement with the folin phenol reagent. J. Biol. Chem., 193: 256-275. 

Makinodan, Y., Nakagawa, T. and Hujita, M. 1991. Participation of muscle 
cathepsin D in ripening ofFunazushi (Fermented seafood made of Crucian 
Carp). Nippon Suisan Gakkaishi. 57: 1911-1616. 

Noda, M, Van, T.V., Kusakabe, I. and Murakami, K. 1982. Substrate specificity 
and salt inhibition of five proteinases isolated from the pyloric caeca and 
stomach of sardine. Agric. Biol. Chem. 46: 1565-1569. 

Okamoto, A., Hanagata, H., Matsumoto, E., Kawamura, Y., Koizumi, Y. and 
Yanagida,F. 1995. Angiotensin I converting enzyme inhibitory activities of 
various fermented foods. Biosci. Biotech. Biochem. 59: 1147-1149. 

Orejana, F.M. and Listen, J. 1982. Agents of proteolysis and its inhibition in Patis 
(Fish sauce) fermentation. J. Food Sci. 47: 198-202,203. 

Raksakulthai, N., Lee, Y.Z. and Haard, N.F. 1986. Effect of enzyme supplements 
on the production offish sauce from Male Capelin (Mallotus villosus). Can. 
Inst. Food Sci. Technol. J. 19: 28-33. 

Rizzi, G.P. 1989. Heat-induced flavor formation from peptides. In Thermal 
Generation of Aromas. T.H. Parliament, R.J., McGorrin and C.-T, Ho (Ed.), 
p 172-181. ACS Symposium Series 409, American Chemical Society, 
Washington, DC 

Saisithi, P., Kasemsam B., Liston, J. and Dollar, A.M. (1966) 'Microbiology and 
Chemistry of Fermented Fish.   J. Food Sci. 31: 105-110. 



102 

Santos, A.C., Hernandez, V.S., Reyes, A.R. and Strength, D.R. 1968. The 
preparation and use of papain for the production offish hydrolysates. 
Philippine Agriculturist. 52: 91-100. 

Simpson, B.K. and Haard, N.F. 1984. Trypsin from Greenland cod as a food- 
processing aid. J. Appl. Biochem. 6: 135-143. 

Vecchi, S. and Coppes, Z. 1996. Marine fish digestive proteases- Relevance to food 
industry and the south-west atlantic region: A review. J. Food Biochem. 20: 
193-214. 

Uyenco, V., Lawas, I., Briones, P.R. and Taruc, P.S. 1952. Mechanics of bagoong 
(fish paste) and patis (fish sauce) processing. Technical Reprot No. 20, p. 1. 
Proc. Symp. Indopacific Fish. Council, 4,h Meeting, Manila. 



103 

Chapter 4 

SUMMARY 

High quality fish sauce could be produced from Pacific whiting and its by- 

products. Based on autolytic activity temperature profiles of whole fish and by- 

products, the optimum condition for fish sauce fermentation was at 50oC with 25% 

salt. All physicochemical properties, pH, soluble solid, moisture content, salt- 

soluble protein, TCA-soluble protein, and a-amino acid content except color and 

absorbance at 420 nm, reached the level of commercial fish sauce within 20 days. 

Total nitrogen content, determined by Kjeldahl method, reached the level of 

commercial fish sauce (16.3 g-N/L) within 112 days of fermentation. 

Staphylococcus, Bacillus, and Micrococcus were major microorganism during 

fermentation. Alpha amino acid content, measured by TNBS method, appeared to 

be a good parameter to estimate total nitrogen content with less time-consuming 

than the Kjeldahl method during fermentation. Soluble solid content was a good 

index for the hydrolysis offish proteins during fermentation. 

Enzymes responsible for protein degradation during fermentation were 

halotolerant and heat tolerant. Serine proteases, cysteine proteases, and 

metalloproteases were predominant in whole Pacific whiting fermented at 35° and 

50oC. Their proteolytic activity was highly inhibited in the presence of hemoglobin 

against specific inhibitors: PMSF, E-64 and PHE respectively. Cysteine proteases 

and trypsin-like enzymes in by-products fermented at 50oC were also highly 
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inhibited in the presence of hemoglobin against E-64 and SBTI, respectively. At 

350C, cysteine proteases and serine proteases mainly degraded by-products. 

Trypsin-like enzymes showed high BAPNA-hydrolysis activity during 5 days of 

fermentation and then declined rapidly. Trypsin-like enzymes contributed to 

protein degradation in whole fish fermented at 350C and by-products fermented at 

50oC. The proteolytic activity of cathepsin L-like enzymes was significant and 

these enzymes showed low Z-Phe-Arg-NMec - hydrolysis activity when E-64 was 

added at 50oC in all samples. At 350C, cathepsin B-like enzymes were highly 

active against Z-Arg-Arg-NMec and inhibited in the presence of E-64 in all 

samples. Cathepsin H-like activity was low. Chymotrypsin activity did not 

contribute to protein degradation but GPNA-hydrolysis activity did not change 

during fermentation. 
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