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Male . inshore cnp.elin were used to prepare fish sauce, a_fermented liquid
i:roduct used ag a condiment in South Ea.;t Asia. Fermeqﬁion‘ of mince cnpellin
wnh salt (4 1 w/w) alone dxd noz give satufmtory resul'.s in terms of extractable

) soluble nitfogen, free amino- acid formation or sensory e alnatmn score‘
Supplementsmon of the }alted mince with 25% (w/w) sqmd hepato]?ncreu

3 (SHP) slgmﬁcnntly mcreAsed the degree of protem hydrolysls (P<D .01),the free
“amino acid content. of the hmshed product (2 1-fold) nnd the senwry evalunuon

score (P<0 05) The-free amino acid® :ontent in control lnd SHP-supplemented

sauce- were 242 nnd 5'20 mM, re ,,‘ ,‘, The fmlure of the heat-treated SHP.

'(lOI)"C 30 mm) to ud the - rermenuuon process mdmned thst SHP aids: the/“/

!ermentatlon of fish sauce by virtue of its enzymes. Acxdlfjcatmn of the 9] ted
mince eonmmng 2.5% SHP with HClto pH 4.5 gave 2] pruduct having a Iower. ;
. sensory score, although the degree of protein hydroly{u significantly mcreued .

'-(P<0 05) and the free amino ncld content mcreued to 1.5-fold ‘the control (370
SR N s T

The raults of fermentation of salted mmce at initial pH v:]ueu nnglng from

4 38, Qz ambient tempernure and at 37°C and at eoncentnhon ol‘ NaCl ranging

(;om 15-30% dicated that ‘thé conditi ded for f entation .of
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capelin fish sauce were at 25% salt (vg/w), at‘ambient temperature (20-25°C) and

s

P ) “at nsmr;I pH of fermentation (PH5-7). . N \

Sk

.
r & A s - .
. ; N 2 N
LA Enzymes m;socmed with the viscera were found to Epn'.nbnte to the
hydrolysu of pmmn dunng fish sauce fermentation but the sensory evalnat\on
- score .of the fi nished ‘product prepared from round and gutted cnpehn did not

show any slgmﬁcsnz difference. Euzymes rrom ge v:able bacteria in salted mince
. . " N
were of littleimp in thef di

process as i d by insignificant -
e >

ldiffei-ence betv;ecn protein hy , is of the antibiotic-treated sa\mple nnd’ the . k
/ 5 'wntrol When min’ced capelin was held at sn;bient zemper;hlre for 24 b prior to
Add.mon ol sult )vnumber of total visble buctem mcreued slgmricmtly as dld Y
the amolmt of protem hydrolysis in nlted mince (P<0 05). - However,’ delayed'
salting for 24 h dld net\ slgmﬁenntly improve the sensory qunhty of the ﬁsh sauce.
i = % M -

- P e a0 §
The importmce of aging or npemng on quality—of fish—sauce was

investigated by compmson of ﬁsh sauce kept at -20“0 and m amblentg
lempersture for 46 monzhs amx fermentauon It was lound that ripening

s procm had no slgml’ icant effect on l'ree amino ncld contenl color or sensory

evaluation scoxs -of ﬁsb mlce although a trend towurd dnrker color of the nged

samples was resulted. ' %

\ : ;L . :
. The contribution, of free amino acids and peptides to flavor of fish sauce was

inied. . Fish, anueej‘wa‘a l‘iltend tﬁrough an ;ltrnfmuﬁon upit, M.W. cut off =~ i

10,000. The ‘rg'ulu ﬁdiy‘ted that removal ‘of Targer molecules from fish sauce A

vlower‘ed the  acceptability (P<0.001). - Gel filtration chromptogl\’;‘ ‘inAd_icintgd

- . R . + -
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,
"that the appnrent molecular size of pepji und amino lcld.s in fish sauce nnged

between 100:300 daltons. Regressmn analysis of pxeference 'score and I‘ree Ammo

acid content indicated a s:gmﬁcant correlation of 0.724 (P<0.05)— -

‘
I z
To characterize, partially, the enzymes retained in fish sauce after 8 months
o . -

. ¢
~ fermentation, fish snute-'was,_ concentrated 3.5-fold using an ultrafiltration unit,

M.W. cbt off 10,000. .Protease ac’t‘ivity of the enzymeg etained in fish gauce
¥ L ; E

§ ﬁrepnr;d wit‘h SHP was greater than Ihat of control (3-fuld on azocasein and-5-

Mld on hlde powder azure substrate). The pH ophmum o! the resldual enzyme.!

in low conc!ptnnon (0.2 M) of NaCl was at H 4 At salt :onctntutmn of l 5M,

the ophmal pH shmed to pH 5.0, and at 40 M NnCI the maximal aeuvn.y was nt '

- pH 6 Sah. parhally irhibited the proteolyuc sctmly, however, the' resxdunl

S enzymes m SHP-supplemented sauce appenred to’ be ‘more toletant w nl! than

the ,ﬁsh sauce fermentatmn

those in - the control sauce. Pmtense nctrmy at low salt concenttntlon on

_azocasein was pama]ly lnh\b\ted by ethy i E iod " P

chloromercuribenzoic acid, mercuric chloride and soybeantrypsin inhibitor. "In

the presence of UM NnCl lnhlbltors for sulfhydryl pmtca.ses appeared to be the )

only ‘effective i “against is "of i Hydrolue activity of

—* cathepsin C was less inhibited by salt than was the nzocnsefn hydmlysis. It was

apparenl that cathepsin C and other aulfhydryl prcteasWnnce to
a

2 N
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Introduction N

- . .
Capelin (Mallotus villosus Muller) is the most.gbundant fish in the North

Atlantic. It is an*important forage. fish for marine mammals, marine birds and

some fish e.g, cod, haddock, flounder, Atlantic salmon and herring (Carscadden,

1081). In Newloundland, it has been estimated that th ilable can-be

mea.surahle in millions of metric tonnes of which about 50, 000'metric tonnes are

cauglﬂ. ench yenr to he lued for bait, human food dog food and Tertilizer .

(Carscndden, 1981) Dunng the spawmng season, capelin schools mlg-rate to the
coast of New!oundland and Lnbrador Tradnuona.lly, cnpelm is harvested in

»
Newfoundland when the schooh re near m: on the spawning beaches. Only the

» i
female capelin has high commercml value; the roe or fish containing roe are frozen

and exported to Japan. The male capelm is not normally used fFr food exporl

however,” some male capelm is used to manuhcture fish meal 7nd is used for :

domestic food. ¢ -~ ) ’

w7

.The spawning cnbelih, caught - during_June - "July in Newfoundland, has
W . \ !
lower lipid content than winter capelin (MacCallum et al., 1969). Summer capelin

is more susceptible to sutc‘:lysix‘ due to the higil activity of dig tive enzymes.whn

the fish is feeding heavily (Giidberg and Ras, 1080). Sumimer capelin would
5T 4 A v Py

appear to be a desirable raw material for the preparation of fish sauce because of
' N d :

this tendency to undergo autolysis.
S 2




& rx;onths The pmdnct is a;clear'liquid rich in sall snd soluble niti-ogen c‘omp‘unnds . '

Fish sauce is a well-known fermented product. used as s condiment in South
Esn Asis, especnlly in the Phlllppmes, Thailand Lnd Vietnam. The North
American muket for” fish sauce has grown c nsndtmbly with the incressing
populatiqn of Tadividuals of South-East Asisn déscent (Raksakulthai et al., 1086).
Fish sauce is n’ormnlly made by fermenting small fish such as sn‘;dine, 'anbhovies or

round scad in 15 -.30 % of salt. The use of high salt serves to prevent ‘microbial

spoilage of fish m the hot And dunp climate ‘of Snuth Enst Asis. The time
required to pmduce fish sauce varies lrom 6 months to 1 year or longer At the’

\nd of fermentation, the liquid is drawn off, filtered and ripened in ‘the, sun for 1-4

wnth &' characteristic flavor agd odor. Thc color of fish sauce varies from yellow—

+ straw to mber or reddlsh bmwn

A study un Jértak to de ine the of male inshore.¢apelin as .

raw mateml for fish sauce showed that mmcmg Qhe ﬁsh acculeraled the prueess
(Rsknkulthn et al, 1986) Enzyme supplemenb, including” fungal protense,
profase, trypsin, chymotrypxm and squid pmteue, resulted in an lcceleratlon of
pmfem bydrolysu during the early sfngee of I‘elmenhnon, but somewhnt lower
ylelds o! free nrmno acids’in the final product. Snyplemennauon ‘of n.lted mince

w:lh squid hepatopancreas yielded a product with'a very }ngh free amino acid

content and sensory acceptability:better than a commercial pr:)dlﬁt Irgm the

Philippines, - ®
The present study “was undertaken, to determine the chemical change of
5 ! I |

. e

e




Lo protein during ferméntation of fish” sauce; the contribution of fish, squid
SR < . 4 .
hepatopancreas and microbial enzymes .in protein hydrolysis; timal
e _
conditions for fermentation of capelin fish sauce; snd the contribution of amino
EEPSE y o
acids and peptides to the characteristic flavor of fish sauce.
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- . Literature®review

'1.1‘. Capelin %

Capelin’ (Mallotus. villosys Mauller), a relatively small fish, Jis classified in

Qal, 1.

Class. Ostei l:‘ suborder

; family Osmeridae: The length o
. mature speclmens is approximately 13-!0 cm. At sexual mstunty, the male is
) 1-2.5 cm larger than thé l‘emale.‘ The spswning male appears - distinctly dll‘ferent
) from the female. The male capelin’s fins ‘are I\uger and prl.ojeg:t out from the
_ ,boi:ly,._Two ‘pairs-of spawning ridges _develop in 45-weeks before the start of the,
: spawniig s;easo\n. A prominent dorsal pair of 'ridges runs the leng?h of the body

sbove the lateral line and a smaller ventral pair extends from the pectoral fin

back to the pelvic fin. Thesé ridges disappear within a month’ after the spawning

has ended.- After the_thwnihg season the ippelrannu of the sexes are similar

(Winters, 1089).

1.2. Distribution . © ° .9

C’lpl!lin has n‘ cirénmpoiu distribution in the nortimn region of the Atlantic

and the Pulﬁc (hngnnrd 1974a). In th eastern:Atlantic, the species mhsbn.s the

region hom waternv Norway to easterp Russia and u widely dlstnbuted

throughout the Barents Sea and sround Iceland and Grecnlgnd. On the eutﬂ

RN UL

-




| ’ A .
”; of Nonh America, the stocks are found I'r‘pm Hudson Bay to No\}A Scotia but are
* . most abundant Around Newroundland nnd Labrador. Small stocks exist on both

x . g sides of the th me ic (Cmr.adden 1081)
The -largest stocks of capelin in Cariada are found around Newfoundland

and Lubr;dor coast (Jangaard, 1974a). Cupain ;pawn on the beaches or inshore in-
most areas of Newfoundland a‘nd Labrador, startmg‘enrly in J\Ine on, the south
coast md later along the north coast. In {,sbrador, the spawning onen egms
| after mid-July. In nnrlhern Narway snd lceland spuwnmg occurs in Murc Apnl

- 1 It takes place on the henchu in some sreas, \bul. also in deep water. Most. cnpelm
\

s o . "

1 die after spawnmg (Jnngaard 19745]

Most cnpehn harvested in Canids ar‘e lznded on the east and southzul R
R4 ) " coast ul Newfoundland. Capelin have trndltmmlly been caught by local hsheymen
emp]oymg traps, ‘senm and dip net when they are near or on the spawning
beaches. . In Newfoundland, capelin have been used for bait, h\u\nan food, dog"
food and fertilizer. 'Duri.l;g 105;-1980, harvesting declined prol;ably due to the
. decresse in number, of gardens and the use of dog. teams. In'1871, 2,272 MT of
capelin ;-;ei;e)l;rv&ted as compared o 13,638 MT in 1852 (Condon and Allan,
(\/ 1979). However, since the m;ii-lmo's. the cntch.have increnset:l s 8 result of
the demand for frozen' roe or frozen fish containing roe by :l‘nplnese buyers -

(Anon., 1978). - -

- . . ; g
- ~ . The total landings and the utllization of capelin in Newfoundland from

1975-1084 are given in Tables 1-1 and 1-2.
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" 3s 1% (Hinds, 1072).

Table 1-2: Capelin production in Newfoundland, 1075-1983
4 N X

» . MT -
Year Frozen , Frozen Fresh Fresh Dried/
+  Round Bait Round Bait Smoked
1975 ; 109 5% . 2n ‘112
1978 5 148 12 7 2 93
1977 - 606 151 185 138 83
~ 1978 . 1,633 .74 5= 168 12
1979 3,527 25 - 48 43
1980 7,708 . 39 35 112 52
. wl081 > 11,315 105- 142 © o322 10
1082 15,168 139, i 338 & W
198 . 11,854 -43 - - 486 . 360 2 e
: ;

Source : Fisheries Statistics and System Branch, St. John's, Nd -

, According to Andrews (1954) and MacCallum et al. (1969), the fat content
of capelin,‘caught on.oznear tht shore in Newfoundland during June - July re”
or during spawning, ranged from 2-8%, with the large number around 3% Fish

caught in July-on the Southeast Shoal of the Grand Bank had fat"content as low .

l}’rotein‘conten_t in :ben‘ch'spawning capelin was found" to be lower than other
fish of the same falﬁily e.g., Salmon, but their moiiture cople{:t was slightly

) higher. Proximate analysis data collected over a peri;:d'or 20 ynrs. showed a sharp *

decline in fat c@ 1.8%),"a slight increase in moisture (77.1-82.3%)- and 8
. /
. /




small decrease in protein (15-12.9%) of the whole fish during the spawning period.

'For muscle tissue, similar results were obtained (MacCallum et al.,,1969). o5

Proxi ition of. Newfoundland éapelin is shown in Table 1-3.

Table 1-3: Proximate ition of wholé spawning Newfoundland
= capelin (% ‘wet weight) - Adapted from MacCallum et al., 1969
v Moisture Lipid Cude *  Ah - C
) Range Renge |~ Protein Range .
) . Range
,\N.\ (‘ (
N Male .+ - 77188298 183808 - 12881438°  2.092.20
: Female L, 77868410 | 200642 129041550 184
: k S

_A recent study on the “composition of mature inshore spawning

d capelin (Mc hi and Piatt, 1984) gnJe similar results. “They

‘reportéd the. highest content of lipid was in' late Fall and lowest. du‘r\ing' the

‘summer spawning season. The protem levels %e cotstant at 13-14% of body
‘} year Avxd l‘emlles had higher lipid and protein couten!

welght throughout t|

and lower water content than malu and spent I'males There J\yas Do significant”. .
3 dlﬂ‘erence between vlhe chemical composition of speat l‘emale; and male_s‘ ‘Amino
" aeid con')position.was ﬁ:\{n';:l to.be the same in both sexes (Montevecchi and Piatt, \

1084). -




1.4. Utilisation of capclln
& . : W,\t‘l: respect to qum_-my, cupelm is one of the top 10 species landed, in the
wnrld (A.non 1081). dn the past decade the produchoxr of mu,l and oil from
capelin  has increased, 5\p!ci&lly in Norwey, Iceland and USSR, d‘ue tv the
decreasg in herring stocks. More than 98 pezc.ent of the world catch was used for

the pmdu{:tiom of meal and oil (hngurq, 1974b). Cnpelinﬁl has been widely

used in tﬂejproductionﬁf margarine, shortenings or soups after hya‘rq;enatiqn and
e o .- refining. It hes - relatively fow iodine valle which varies yith fishing aves sid )
geason and could be used interchangeably. with hening oil | (Eal;)n etal."1075). A R
- ‘ new form of uullzntm commenced in 1965 anward when Japan started |mpnnmg ‘

capelin with joe from Iceland, Russia and Norway (Anon 0 1 /:)
-

Srnoked dned and salzed dried capelin products are exported to Japan as-

3 well'as the frozen roe or (rozen fish eoulalnmg rée. Cnnged capelin has been
pmduced Mere has been a llmned market. Lantz (1986) reforted that a
hgh!ly _smoked product in vggetable oxl was the most successful can pack tested

2 and the Research Luborawry of the Norwegmu Canning lndusuy mdlcsted that

“smoked ducts of good qnnllty can be made from cspehn Capelin with & high

- fat conteRt, packed in salt and spice ylelded 8 good quality anchovy - like product

( " (Jangaard, 1974b).




1.5. Fish ie.rmentat.ion
P

Ferﬁlenmioq is nt;rrﬂally defined as the transformation” of organi¢

'su‘bstnnces into‘simpler compounds by the action of enzymes or mieroorganisms
© (Mackie ;l’al.,!lOTI). ' " e

‘ \Fermenta‘tion of high pr’t?tein. foods such as _n;ilk, s‘o’;‘lﬁ;n‘, fish and meat
involv'ée the hydrolysis or' breakdown of protein into free amino nci&é and:‘
pep‘lidem In -\most cases, tbe'procm"ef lerfnentetion is -carried out by

d microorgnnis/ﬂu, an‘d.the ex’te’nt d[ prdteolysis"is»a !uncﬁon of th‘e’ type of

P fermentedf produch umnlly depends upon the; degree ofa P o teolysu ‘toj ether wnh

‘hpolym and/or earbohydrate lermentnhon Sqle is normnlly used fo suppress sthe *

'growth of undwrgble mlcroorgsmsms, hence spollege by indesirable ",

4 rmeroorgnnumx is prevented " gt

4

_ The prodection of lerxﬁen ﬁshmducu"goes Dback to the Graeco-Roman

A time (Badham, 1854; Rndohffe, 1@21 as cited in Mackie o al 1971) A sauce
made from'fhe viscera'and ' blood of mackerel,' calk:d garum, wu pop\llar wnh
consumven nt‘tha&“nm’e.‘ P“ennentat;on is pnetxced 8 a means of p:-eserym

e md/or altering the flavor of ﬁsh pl:;duc',‘s mare so0 in-’the Orient !hqn’iin Eurol')e

or Nonh ‘and South Amenca (Liston, 1980) In Sonth»Enst ‘Asia, l‘ermenhmj is

still the most common method of fish pruervauon ;lt,lmugh modern technologies 4

’ : such ‘a8 chilling. or rreezmz ~have heen mtrodnced A number ol‘ !ut,ore have:  *
hvored the continued use cf lermentehon to preserve or prodﬁce acceptnble. :

producu Irom l’iah._These fnctors are’:

B s ¥ e g ®

mmoorganum employed aud the ag'mg ume The chnraezerlsnc tnste and odor ar N
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Table 1-4: Names of fish sauce in different countries

i Counm" . B . " Name ﬂk.\/ N
/ ’ " Bk ) o gy ' Ngam-pya-ye
. Japan SRS ‘ ‘ . ' Shotturu :
Malaysia, B 5 ' ’. A & . Budu 7/ . >
) Philippines 5 . W 2 an / T (
T v ‘Thailand T  Narhegla " o
\\ ’ Vie;l;am : ; T . ’ N ‘ Nuoc-'mnm )
i \\, L3 5" y ) E ) .

X The |;rocess of making fish dauce is simple (Fig 1-1); fish are mixed ‘with salt
iy a ln‘rge ‘vat or cen:ent tank and kept submer;ed under the brine wh‘ic'h is
formed. The r;tio of mﬁ to salt varies from 5:1 to 21 The fernrenting time -for

- small fish is shorter thnn for Inrger fuh and varies from 6 to 38 montbs. It is
,beheved thst the longer the lermentmg time, the bcuer the quality u? the sauge.

' However, the nutnu\le vnlue o[ ﬁsh sauce declines during prolonged fermentmon' 3
. due to the hrenkdown of amine* acids and loss of N as ammonia (Uyenco et al.,
1953; Oxejann, 1918) At the end of l’ermentmon, the liquid is drained off nnd Iell.

, exposed to tha sun. for l permd of 1-4 months before plcklng ‘The color of the end »

. product varies from yellow stuw to amber or dark reddish brown. The product“'

huutrongcharulensnc ﬂnvonndodor 2 L - %
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i .
A2 - B e it S
Non-eviscersled : GAnnlated“ For Nuoc-mam after
T+ whole fish , Marinesalt 3 days blood pickle
. (2-5 parts) 1 (1 part) is drawn and add back to
3 N ¥ cover the top
Natural fermentation
(6-36 months) ( -
. ® N ' °
-~ . Filter _ o
. ' .
" -L . | y . X ‘
' First grade . Residue |
i fish sauce . & IS f ! \
% ¢ : . - E G el
R N 1 R g + Frgh'brihe. » t |
¥ o . N Sk
Expose to sun light - Second fermentation/leaching - . ¥ 1
o= (for 1-4 months) . s
i ] L
T Bottling * . Filter ~ ST
’ : 2% grade Residue . |
fish sauce . - |
¢ |
’ e ]
Bottling Fertilizer - ‘
‘] N L
~

l“'lgur; 1-1:. Flow diagram of the production of fish sauce

1
R

Lee ]

t - - .
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Ahe process for nuoc-mam of Vietnam is different. The blood "pickle is
allowed to flow out slowly over a 3-day period and then it.is poured back over the
fish yntil about 10 em layer of brine has covered t?e top of the vat (Steinkraus,

1983).

’
= ’ £

After the first quality fish sauce is obtained, fresh brine is illdded “to the

residue and the mixture is left for 1-4 months. The liquid drawn off is second

grade fish sauce. The residual mass is normally used as fertilizer.

In Greece, fish sauce mntie from the liver of a scromboid fish called *garos®
is. still produced. In lh‘e soull; of F‘mme, fish sauce cnlled'!';is'snlk' is made from
larvaé or small fish. The fish is fermented wﬁ salt for 10-12 days or small fish or .
1-2 months for larger hsh the liquid is hltered off and is used wnhoul further

aging (Mackie et al., 1911) T ' "!

A ‘sauce called "shotturu® is produced in Japan from sand fish, sardine,
anchovy and molluscs especially squid tSubbu Rao, 1967). After I'en;lentntian the *
liquid is filtered, boiled and may be stored for years.

1.6, Proteolyﬁu eniym* fish fermentnﬁon -
. Appnrently the use of hgh salt coneenhahon (more than 20% w/w in

i;eneml) to prevent the activity of spoilage organisms in the fermentation of fish

sauce. sup ress the activity of ‘proteolytic enzymes, therefore the process requires
a fairly long time.. The pi lytic enzymes responsible for the p is and
ripening of fish sauce can be of 'd or microbial origin.
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1.6.1. Endogenous ensymes 3 ) .

Endogenous enzymes in fish -fermentation can originate from the digestive

tract, internal organs (l‘(idney, liver, etc.) or muscle tissue. w >
1.8.1.1. Dl;es".lve en:;mer : . "

Although the digestive organs and digestive enzymes of most fish are, in
principle, similar to tho;e of wnrm'biooded verte.bratu (Tarr, 1972), it is repcr!\e-a
that the| properties pnd'sczivity of proteolytic ‘en‘zymes vary with species of fish ~
(Amano, 1962) and the hsrvgst season (Kashiwada, 11)52).. Digestive proteases

* include pepsins, ;eqr&;ted ‘by the ;utgfc muc?eal ghnds,.md trypsins and*
chymutry'psins sl;cre't‘ed by the pancreatic ti‘.sslle or pylori‘c caeca. A number of .
. exopeptidases aré also secreted in the gyt (Gildberg, 1082). Tt is well established” _
that pyloric caeca are rich in dige‘sﬁve en‘zyme_s.or their zyr‘nvogevns (Kalac,

1078a,b);

. Pepsin

Pepsin is an acidic protease, origil

Tin thetrm of ‘pepsinogen. The~

1 L

of into pepsin. The conversion

- splitting of several ﬁeytide f from, the N-terminal end,of pepsil (de
Man, 107§). When feed or inert material enters the stomach, pepiin and

hydree.hloric acid secretion is stimulated' (Norris et al., 1973). Recent studies

indicate that gastric ‘, of ﬁh incln_tle" icsil lu well as pepsin (Squires )

et al., 1986a).

v
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Norris ‘and Mathies (1953) reported th‘ft fish pepsins were mnr’e‘susceptibie
w\‘ikr‘eunible'denntumtion b}{’neutml and alkaline conditions than 'those of
mamvpa.l.isn pepsins. Haard et al. (1982)‘isolnted', pepsin from stomach lining of
A.ré'!,ic cod, Greenland cod and American smelt and found that fish pepsins had &~
more alkaline pH<optimum than_pepsins from mammals and pH optima were
dependent on assay temperatures. Pepsins from mammals may exhibit two pH
optima when hemoglobin is used as a substrate and it has been suég&lcd that
pepsin may have two active sites with' optimum activity at two different pHs
(Taylor, 1‘902). Recently, }_double pH optimqm was observed for a purified
isoenzyme of porcine pepsl:n’(shums,pz;aman nnzi Hg-rd, ,mo»). -Pepsins from

"‘snlmon and t\ln7 were follnd to have two pH optima (Norris and Mathies," 1953)

However, when - the i |omc strength of the renctwn was mcreased the tuna pepsin-

showed only- one St Pepsin and icsin have broad ificity O
peptide bonds but the incomplete solubilization of protein by pepsin )Iydrolyéh
has been observed (Backhoff, 1978; Raa and Gildberg, 1976).

Two proteases were purified from capelin stomach (Gildberg, 1982), namely
' P’epsin I and I These two_proteasés had similar amino acid. composition but
«different ié;electric points. The major stomach protease was Pepsin I*which had
almost a He‘utrn] isoelec;ric p‘oinl. and had & significantly higher pH optimum on *
hemoglobin than pepsin I’u;m mammalian species. This enzyme resemhled
cathepsm D more thnn mammalian pepsin 8n the basis of optimum pH and
moelectrlc properties, however, the inactivation at alhllne ditic wni

R

irreversible thus it was considered a true pepsin.  Furthermore, the amino acid
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compositian showed that the polypeptide chain was more like pepsin than that of

cathepsin D. The purified capelin pepsins had remarkably high activity. at low

with the crude -enzyme pre{araﬁon. The .

" reason for this low temperature activity may be due to the fact that the capelin

hubltut is at a low temperature envu'onm;pt The capelin pepslns digested capelin

muscle protems at a lower rate than was observed lor hemoklobln, however, ﬂi

pepsin I is capnble of digesting muscle protem ata slgmﬁcnnt rate even at pH 6

(Gildberg, 1982).

Noda et al.‘(m\82) is_olned. two acid proteases from the stomach of sardine.

These two Enzymes, acid protease I and II, were similar to mammalian cathepsin

e . . .
D and pepsin but could hardly lyze a synthetic pepsin sub N-nceiyl-’l.-

henylal '.a““od&- tyrosine.  Preincubati of these two acid ptotesses

2
with 5-25% NaCl lor 24 h.at pH S 0 before being assnyed for proteolytic activity
at pH 4.0 (acid protease I) and 2.0 (acid protease II) with hemoglobin substrate, at

31°C showed that acid protesse I was not inactivated during premcubmon in salt

- up to 20% NnCI while premcuhauon in 25%.NaCl resulted jn 40% redllehon in

actw\ty‘ Acid protesse I was 'not inactivated during premcnbaﬁon in 25% salt. In

~
fish sauce prepared: from snfdlne VY 22% salt, activity of acid protease II was

-relmned nﬂer 3 months of fermentatidn.

Squires ‘et . (1986a) isolated th:ee gastnc proteases from the stomach
m\lcnsn “of the Greenland cod. The cod proteuea had a more alknlme ‘pH

optimum and were active over a wider range ol pH than porcine pepsin. The
« .o y

N
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Voe o .ngtiviiies of cod proteases 1 and ’2, against hemoglobin at pH 2.0 were doubled in
the.presence'ol‘ 25 mM NaCl, while the activities of c{zd protem: 3 and porcine
‘pzpsm were not affected (Squires et al., 1986b). .It was n{ggmea that salt

activation of gasmc protease is' chnutensnc o gastricsins from fish.

. . o~
.Since fish sauce fermentation is usually at pH around 6-7, and in very high

. L)
salt concentratich, the contribution of acid proteases is assumed to be less

important than that of the neutral proteases.
- . Trypsin and chymotrypsin . L(‘

) Trypsins and ch.yi-notrypsi?:. like pépsins, are endopeptiduses They have

% " been classlﬁed along wil 'lur enzymes; as serine proteases becwse ol

the involvement of a highly resctive serine residue in the catalytic reaction: Must .
stidies, of '.ryptic enzymes from fish have involved the use of crude preparations
" and do not dlscnmmate between trypsin nnd chymotrypsm activily, thus the term
*trypsin® was suggested to be used for pancreatic proteolym enzymes which were
active in the pH range from 7-11 (Kapoor et al., 1975). According to Kiel (1071),
trypsins show maximum activity toward their substrates within the pH ‘range of
_7-9. However, the’ specific pH optimum of trypsin may vary with different

substrate and trypsins from different species may have different pH o;;ti_ma. N )-‘~ .
d o % e \
- Partly pnriﬁed trypsiuu from capelin or herring had the optimum activity at
» »
» about pH 8.0 w:th msyl arg\mne methyl ester, TAME (Kalac, 10783)

Chymotrypsm from herrmg had an optimum pH at 7.5 while clpelm
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chymotrypsin's: optimum was at pH 7.8 (Kalac, 1078b). An extract of cod
digestive organs were 'Iound'to have a pH optimum for both trypsin and

chymotrypsin between 8 and 9 (Overnell, 1973). Greenland cod trypsin had a pH

ti of 7.5 with N-o-b larginine p-ni ilide (BAPA) and pH 0.0-0.5

with casein substrate (Eimpson and Ha}rd, 1084). ' Hjelmeland- and” Raa (1982)

= purilie_d two trypsin-type enzymes from digestive tract of capelin.l Both.enzymes
= had a 'pH: optimum of 89 with BAPA and were not nl‘l’ecle:ci by Caél The
npparent temperatuu ophmum of the enzymes was 42°C. The lsoelecmc polnts of

try@llke enzymes in- capellp were 5 6—59 nnd 5.1-5.3 ‘which were significantly

" different {ro{m 10.8 of mammalian tryﬁmn but resemble the !rypsm-hke‘:;zyme in

“shrimp, crayfish, and sardine; % . ? .

Three glkaline protesses were isolated from pyloric' caeca of sardine (Noda
T . .etal, 1082) The first protease was an alkaline protease I, the second (alkaline

T . . protease ) was an anionic n-chymotrypsm—hke’enzyme and the third lalkalme

protease 1) was an anionic tr;psm-hke enzyme. Premcubatmn with 25% NaCl

at pH 7.0 for 24 h priqr to nsuying at pH 10 with casein substrate at 37°C, the

trypsin-like enzyme was active; the chymotri’psi?like €énd th; alkaline protease I
activities were 80 snd 40% of the control, respectlvely The proteolytlc wctmty
of these enzymes was mhlbltc\l in propomon to the concentmtlon of NaCl pruenl
. in the assay mixture. However, when sarcoplasmic protein from sardine mnscle
was used as substrate the mhlb:ﬁon by salt was less thnn that observed with mllk

casein or hemoglobm as unbslntes Fnr alkaline protesse 1, with small suhstrate,

benzoyl arginine ethyl ester in i presonce of 20% NaCl the inhibition of '




measured against BAPA at pH 8.2. The trypsin-like activil

/ R o

Tl b

protease activity was only 10% whereas a 60-00% inbibition was found when :

protein substrates were used.

Orejana and Liston (1982) reported the agents of proteolysis In patis (fish

sauce) to be a trypsin-like enzyme. Enzymes in fish sauee—at different
1

Vo
times were precipitated by geetone. Activity of the precipitate was

in samples

fermented for a few days was low. Maximum activity was found,in samples
: ¢ ]

fermented for 1 month. After a 1-month [ermentngioh, the 'nctivit\jdecl'ined

rapidly. and ined low th hout the inder of the f i plucess

It was suggested that the decrease of the enzyme nctlvlty ‘was due to end product

mhlbmon, ie resultmg from amino atids and small peptldes wlnch accumulate.
The mmnl inhibition of trypsm-llke activity could be due to inhibitors in ﬁxh

blb’mi or mhlbxt(on by substances producéd by bacterla

Saidine visceral extract was reported to contain several protegges probably
of pancreatic origin (Yushinaka o ol, 1983). The proteolytic activity was
sznbnhzed by calcium i lons, the maximal rate ol‘ hydrolysis of the sardine flesh was

at pH 8 and" 50°C The activity of the proteases was reduced wnth addition of

'NaC] At 5, 10 und 20% NaCl in the assay mixtures, the proteolytic activity on

the sardme muscle were 80, 75 and 84%, respecuvely. of the acnvuy wnhout

uddlhon of salt. Heat treatment oi the sardine ﬂeSh at 100°C for 5 min, tf:?

addition to the visceral extract, also Tediiced the nte of hydrolysis by the visceral

enzymes. - W i

L

~~
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Two mninopeptidfxses were isolated from internal organs of sardine (Vo Van -

et al., 1983). Thesa ﬁé enzymes were inhibited by EDTA and ‘activated by
Co**. Sardine aixxiﬁopepéida.se 1 was also inhibited by bestatin. Both enzymes can

ydrolyze synthetic subs ining alanine and léucine, di-, tri; and tetra-

alanine. S;rdine inopeptid bled human alani i id It,
" was found that enzyme I retained more than 70% of jts original activity in the
presence of 15% NaCl in the assay mixture. Later, Vo Van ef al. (1084)
5 ¥ i determmed the ammapephdua acnvlty o! a sardine-salt mixture and rqpoﬂ.ed' v

thnt the aminopeptidase in ﬁsh stuce was SImllBI’ to sm‘dlne ammopepndase I and

cluded that this aminop sptid: pamcmated in the hydrolys:s of fish pmtem

and pepmdes duriirg fish sauce lermentahon
e $

Carbnxypepti;ln'ses‘hnve ‘been isolated' from the viscera or pancreas of fish

~
(Reeck and Neumth 1072) Vo Vnn et al. (1984) meuured cm'boxypepzidase

L3 activity dunng fish sauce production and found that the activity disappeared
almost completely after . few days of fermentation. Thus, it is assumed that
carboxypeptidase is inqclivaced’ by NaCl and for this reason cxrboxypeptidssé ist

not import}mt in the fermentation process of fish sauce. ~ Ll

&

The existence of proteinase and amylase in the .xiscera of squid <

(Ommnalrephu sloani paci ficus) has beene reported [Takahnshl, 10803) Extract

fmm the swmnch and blmd sac intestine o} sqmd had. an optlmal pH for casem
el

dlgeshon in the nnge of 8.0-8.5, the pancreatic extract had a pH optimum of

A
8.5-7.0 and the hver extract had two optimal pH's of 2 é And 5.0-6.0. The optimal

-
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temperature for casein diguiion of these enzyme .extracts was in the range of
40—50"0 (Takahashi, 1960b). It was concluded‘}hnt the squid liver connmed two

Kinds of cathepsin-like enzymes of similar nature, and each proteinsse possessed

sulfhydryl group(s) at the active center (Takahashi, 1%”‘
= N ’ L)

-1.6.1.2. Mulc\le tissue enzymes =

Inaba et al. (1978) purified cx;;l;epsiu B from”the liver of the squid

h Dorylll'mthia bleckri. - The optimum pH _for the hydrolysis of

aN-benzoyl-L-argininamide and ‘?vbenioyl-DL-urginil‘;e—Z-nlp‘hylnmide wad 4.5
and for hydroly\sis‘ol‘ N—N—di}ne yl hemoglobin was 4.2-4.7. LeBlanc and Gill

(1982) rex;orted that major proteolytic enzymes occurring in the hepatopancreas

" tissue of Atlsnhc shorb-l‘mned sqmd Nlez «llscebraau.s were cathepsin B, D and

E. These cathepsins are acld proteases which are normany most active at pH 3-4.
. .

Cathepsin C was isolated from the hep i éf Atlantic-short<Tinned
squid, fllez illecebrosus (Hameed and Haard, 1985). 'l'hu enzyme was w,xvated by.

chlonde ion and had an optimal pH for hydmlase and frapsferase ngu\w at pH

" 56 and 7.0, respectively. Use of * cathepsln C partially purified from_squid

h f

in the

of squid was fonnd to enhance the.
1

development of flavor (Lee et al:, 1982b).

¥

Cathepsips, peptid: inases, amidases, amino acid decarboxylases,
glulamich dehydfogenase and related enzymes are found in fish muscle tissue
(Siebert and Schmitt, 1965). The amount of proteolytic enzymes from muscle was

enough to 'apparently justify the assumption that'they play an important rale in

-
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. T. Cathepsin A is an dase (carboxyp
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. ) % .
fiskt spoilage by degtading the muscle protein rg;glfing in peptidés and amino

acids for the ;"rowth of -microor%nnis_ms (Sieberl:‘wlﬂ)'.

Cathepsins

-
v

Cathepsins are_a, group of mlracellulnr enzymes which " oceur m nmmN

tissues nd caulyze hydrolysis of protelns or s?eclfc syn!hetmsubstrates These

enzymes are largely located in the lysosome w;thm the "cells. and ‘thereby dlffer

from dxgesuve enzymes which are “secreted by cells (Mycek 1070) Cathepsms are @,
lmlred on the basis of their ayeclﬁclty t{wurd substrate The vmpertle: and » i

cellulur Iocauons of the lymsomal pepude hydrolnxes were rtported Among these.’

I 1 peptide hydrolases, ¢athepsins-A, B, C D, E and cxrboxypephdase B

have been , more -ﬂldrodghly studied th’an cathepsms G, H, L; M, N, s and o

ptidase) which has optimum activity

st pH 5.0-6.0._\" Clthepain;( B, D and L are-all ‘endopeptidases ‘with optimum |

activity at pH 4.0-6.5, 25-5.0 and 3.0-6.5, ,especzively', (Goll et al.; msa)
However, at pH 5.2 the activity of cathepsm D on nahve myosin was found ‘to

bave 50% of the activity at pH 4.0 (Pearson ef al., 1983) Cathepsin H is “both an

7

pep t and ‘an end "‘: “which has- an optimum pH of 5.5-. 5 (Gdll

et al, 1983) Cithepsin A, B nnd,_.C‘ ‘are ncnp on

~—N-benzy lrL-glutamyl-Letyrosine, * benzoylL ide and glyeyH-.

phenylalaninamide, respectively,' (M.ycek 1070). Cathepsins D and E were not
found to sct on nynthetlc allbstntu ol’ clthepsm A, B and C but could act on
proteins like hemoglobln, albnmm and cuain Accordmg to Huang and Tappel

~ (1871), cathepsin D is ‘the most unportul epzyme of the cathepsins, _smce it
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mmaies prc.em hy..rolysls resulting in the  formation of pephdes lhnt nre

l’orolher hepsins such as cathepsin C. The

~ ‘. is similar to that of ‘pepsin~vb|lt pepsin is active at more a‘cid eondlti;ms

Cathepsm A/ has very-little aetmly on smsll peptides mcludlng pepu&e substrntes,

‘
esumaled that cathepsin L hus ten times sand mthepsm H five times greater

speclﬁc achvnty ugamst myosin thnn cathepsln B (Blrd ;and Ca.ner, 1980) ‘

Accurdmg to Pemmn et al.” (1083), cuthepsms A; B, C D nnd L have optlmn]

4 : :
; . ; < o @

lrom polypspudes with a wide specll‘iclty and. reqmres tlu presence of chloride ion '

oy ". ’ o (or activity. Cnthepsm 'C is also able to catalyze the trnnspepndmon reaction to’

 form .' tetrapeptide, ‘, tid

ﬂmd longer chains, dependmg on l,he

nntlal <on centmlon of the substrate snd the solublhl.y of the ohgopept:de lorned

- reported to*be o}

um at pH 5.0-7.0 (Gull etal, 1083) : L
N C .

lt was reported thaﬁ fish muscle tissue conmns cn!hepsms which are nctwe

“nt neutral pH (Mnkmonda an‘d Ikeda, 1071), an at acidic pH (Hunng and 'Fappel

1971)., Diffefent. speglq of fish uhowad ,dllfereut amounts ol cnhepuc ncm_mlu.

¢ - B

of ‘,"D'

’lml: it has more pocent Ablh'.y to hydrolyze proteins 1lmn cathep'sm B lt was

;ct;vlty nt ncn‘hc pH vnlues, and thus, could , plny a’ role m post mortem msat >

2 tendenzmon durmg agmg, upecmlly after pH falls dunng completion ol’

& Cnthepsin Cisa dipe‘ptidyl hydmlue remgving amino terminal dipeptides

The clnm \xs lengthened hy the sutcessive addmon of the dlpepude amide to the

C-termmnl QT\ the gmwmg clnm (Fruton,. Jog2)! Actmty of csthepsm C was .
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e Siebert and Schunitt (1965) reported that the catheptic activity of fish muscle was

=0 2 ‘aboll! ten times greater than that of mammalian tissue. Reddi et al. (1972)
reported‘thnt catheptic activiiy‘ of win‘ter flounder wa.s\nnximal f-t pH 4 on

: hemoglebin'substrlﬂe, and that 5% Na"C] inhibited the acti;rity of the ‘enzyme by , "
0%, '

Ronrlo and Maldo (1984) studled the nctmty of cathepams dunng :

5w fermentntmn ol‘ Tish sauce (patls) They reparted 1hat cathepsin A nnd C were} '

|mpo.rtaan lysi: dunng n jon. The & ,; in A nctmty in ﬁsh

sauce st dlﬁerent rennentntlons periods was' !ound to {:ave 8 posmvz correlation -

anh th'e nmounu.of afmino mitrogen. A posmve_. corfblwon wg also found L .
S . 7 . “between the cathepsin € activity and the ‘amnount of TCA soluble nilro/gen.'
»C;thepsin D. activity in patis prepared from, fresh fish was greater thnn.that )
. i _prepared from ;tﬂe"ﬁsh. "The decresse in cathepsin' D activity during
fermentation corrgsponded'wiu.n the décrease in the amou‘ng of high molecular
- weight protein ‘Which served as substrate for cathepsin D.
- . ol

" Calclum-dependent protease = 250 A s e

The ;llm?wue (‘calbium activated factor; CAF)' is a neutral
protedse, lu;ntt;d inside skeletal mimcie cells. “l;: is activated l:;y calcium icn‘,nnd
exerts its optimsi activity at pH 7.0-7.5 (Pearson ef al., 1983):  CAF is unique in v
being \{nq‘hle to degrade myosin ’and.:ctin. éoll et al, (1983) indicated that most .
ofthe proteolysis of the myofibrillar proteins that occurs during resolution of rigor: .

may be due to CAF. The activity 6{ éAF in muscle has previously been ,ucclepléd
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n .

85 being linhited due to its high requirement (1-2mM) for coligam (Pearson et al.,

1983). Dayton el al. (1981) suggested that CAF may have & dow Ca®* requiring
form that is active at physiologieslly available levels of- cnlc‘ium in muscle. .Thus,
" the tenderization of meat .immediatel} po;t mortem, whe;n the carcw‘

température and pH are still high, ‘mny ‘well be due to the effects of the low
cslé}um-requiring form of CAF (Pearson et al., 1083). l;{owever, accordinig to Goll
et al: (1983), it is not certain th:s'.' bu;t l‘nor}em ;;r;tmlysié by CAF injcre‘nm
tenderness in aging of meat. ’ : ’

‘ - i -
1.8.2. Exogenous »'em);mes

S/tn‘rlers are. cdl;xmonly wed in some of the traditional fermented fish

. L~ B e ey . ) e
(Amano, 1962). The starters may be grown on cooked rice, roasted rice, or

roasted rice bran. Examples are Koji or rice malt starter (s concentrate of fungal -

- smylase, proteases and other enzymes obtained by overgrowing steamed rice with

2 selected strain of Aspergillus oryzae), Ragi (an Indonésisn preparation o starter

from yeast and rice), Angkak or.fed rice (rice fermented by a red yeast-like

organism, Monascus purpureus). In this type of products,  the fish, is usually
, s 5 ;
eviscerated _and salted before the addition of the starter, The choice of starter

' depends on the type of the product as well as the production location.

Koji was used .in the fermentation of fish ssuce by Miyazawa et al. (1910]:.

The flavor of the product was different from the ordinary fish sauce. The free
amino acid content was higher ~than the control when the fermentation
temperature ‘was at 30°C, but at 50°C the control.had a higher free aminosacid

content.
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Use of commercinl‘ proteolytic enz;@m such as papain, bromelain, ficin,

pron’u;, bioprase, trypsin etc. in fish sauce ferrhentstion has been reported

(Murayama el al., 1962; Guevara el ‘uL. 1972; Beddows and Ardeshir, 1979a;

" Ooshiro et dl, 1981).. However, nope of these enzymes have been used

commercially in the production of fish sauce. Use of pineapple peel and core to'sid
the fermentation of home-made fish sauce is practiced in the North of Thailand

(Chauepohuk et al., 1981).

1.6.3, Microblal ensymes

The role of microbial”enzymes in  fish ‘anu’ce fermentation is still uﬂdei

mvungatmn ‘There'sre conflicting reports as to the lmponance or nucrobml

.. enzymes in-the l‘erm;numon of fish sauce, Al!hough microorganisms do not

ifi

appear to nl;y a role in this jon process, enzymes from

bacteria whxch are present on the fish prior g‘saltmg. may contribyte to the
process of autolysis (Amano, 1062; Samm. 1667; Beuchat, 1983). *

Crisan and Sands (1975) isolated 30 lmzroorgamsms, comprising ll species
of bacteria, one yeast md three glamenw“s fungi from Iour (ermented hsh sauces

namely, nampls, pnm, koml and ounsgo. All of the isolates found in nampla at

diﬂe_rgnt times of fermentation were, spécies of Bacillus. Yeast, fungi and obligate

" anaerobic bacteria were not found. In patis, the bacteria found were species of |

Bacillus and Micrococcus and the “yesst; Candida clasenss was'also found. Tn
koami snd ounsgo, which were prepared lr_.o)n shrimp-and smnll’fﬁ, respectively,

Bacillus  was found ”.ogether with strains of fungi Penicillium notatum,

Cladalporiuﬁ herbarum and ‘A gill: ige They ncluded that

iy
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showed posmve rezilts on lipase and gelntmnse tests. Ok etal. (1082\;) studied

protease f' by a mod ly halophilic Bacillus xsolmd from fish sauce.

“Two strains of a moderately halophilic Bacillus were isolated fron"n Burm;se and
Chinese fish sauce and named B, afd C,. Soth_bacteria were capable' of growth
in 8 medium con’tnining 4 M NaCl. Maximal protesse formation for By nnd.Cl
were round in medln with 4M and 1 'M NaCl respecm‘/ely The pH and
temperature optims (or enzyme production in B, B. were\!'l 7 and 44°C wh)ch were

similar to the fermentation conditions in South East Asia.

1.7 " hemical ch durlng the fe itation of fish sauce

Whitsker (1978) ' reviewed the blémlcal changes occumng durmg 3
fermentatmn of hlgh-protem food. The hydmlysm or proteins and demmpusman
. of amino acids (Fig 1- 2) may involve endogenous enzymes, microbial cnzymu or

exogenous enzymes. F
Q s

In fish sauce, the deg’radation of fish ‘proteins into soluble proteins, p’e’pﬁdu:_
and amino u:idg is sp?prenﬂy‘ .due primatily to endogenous enzymes of the'fish,
especially diiestivé ;nzymu in.the entrail (ﬂém ;zl;d Clague, 1950; Uyenco etal., ’
1055 Orejais, ‘1078, Beddows ef al., 1670 Mbver et al, 1052). During

fermentation the .mimber of bacteris decreases in the presence of hiéh salt.

* However, bacteria were ‘befisved to play an important role in the dévelopment of

flavor (A.ma.no,' 1962; Kﬂsenmrn, 1063; ‘Saisithi, 1967; Dougan and Howard, 1075;
Beuchat, 1083). ' ’

~ . 3
During ferment?tion of fish where the brine is allowed to drain off, it is
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Figure 1-2:  Hydrolysis of prctems and decomposition of amino

“acids. e
i E’nzﬁ'mes involved are:*
) primarily pro (2) primarily exop Judi
carb i i and di nnd tri] pepuduses,

(3) decarboxylases; (4) d (5)
(substrate is cysteine);.(7) probably through B-elimination of
methionine by enzyme similar ta’cystemnse

X Source : Whitaker, 1978,
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Early or fepid stage (0-3 weeks), during which soluble nitrogen and free

amino acids increase rapidly due to exopeptids.ses originatipg from the fish.
Middle or gradual stage (3-20 weeks), when endopeptidases are predominant

and free amjno acids increase gradually.

* Late stage (20-50 weeks), -during which time halophilic bacteria become -

active and there is no release of free amino acids.

Orejania’ 1‘197’8’) observed that most of the changes,in protein nitrogen took
' place during the first two months of fermentation. The amino nitrogen; soluble

protein and peptide nitrogen increased significantly during this- period while

ammonia and other volatile bases i d throughout the fe fon with
significant increases at the lnter stage. Lipolysis  also occurred ".during the
fermentation as observea" from the increase in free l‘auy acids. The llpld
breakdown pmdhq (curbonyl compounds and peroxndes) may .be invol ed in

b ing i Flavor ds such as i

5, amino acids, volatile
and . non-volatile acids were formed during ' fermentation. Orejana and Liston
(1979) found that the main part of amino nitrogen in lish sauce was peptides
rather than amino mdu The molecular, welghl range of thm peptides formed

) dunng the r.m 40 days fell between 700-1500 daltons They concluded thn
during the first 40 days endopeptidases of the hlpsén type were most active,
During the p‘eliod of 70-140 days, the small wolecular weight fraction increased
signiﬁcml\tly indicating a higher activity ;>l rexopeptidase including cathepsins.
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1.8. Amino acids and n‘eflnldeo\aa a taste contributor
Amito acids bave been well recognized a5 a taste contributor in foods.
“Monosodium glutamate (MSG) is the essential component of Japanese food
seasoners (Kmmun et al, 1959) The taste of cheese is influenced by amino nclds '
formed during ripening. It was reported that sulfur conmmng amino acids play
an important role in Cheddar ehee:se ﬂavor\(Manning, 1978). In Swiss cheese,

only & combination of amino acids together with selected free fatty acids and

selected volatiles gave reconstituted Swiss cheese flavor (Langler et al., 1967).

The tastes of m’iso and soy sauce were reported to be due to the amino acids

which * were released from proteln during termeumlon process (Knﬂmra et al.,

ﬂ)\GIntnmlc acid nnd its- sllts are very lmportant in soy sauce ﬂavanng

(StetnkrAs, 1983). A cording to Ki (1975) the Scandinavi barrel-snlted
herring; and semi-preserves were judged ripe when the free amino acid content. of

| - the product had risen to a specified level.

i Aumino acids were characterized as beig sieet, salty, sour, bitter and MSG-* )
like (K‘irimfns. et al., 1969). The sweet 3mil;o_ acids we’re H-Pro (threshold value\_ )
50 mg/dl), Ala (ob), Gly (130), Ser (150), Thr (260) dnd Pro (300). Sour tastewas
found in Asp (3), Glu (5) and ‘His-HCl (5) MSG-like were sodium glutamate (30),
Asp (100) and Glu (3). Bitter amino acids were Hls (20), Arg-HCI (30), Met (30), -
Val' (40), Arg (50); Hle (90), Phe (60), Trp (90) and Leu (190). Solms (1969) .
reporbed on the tute of pure aminoacids at pH 6.0. Amino acids with ﬂat or mo
taste were  D-Ala, D and L-Arg, D ind L-Asp, D-Glu, L-His, D' and [rl]e, D and

’ L-Lys, D and L-Pro, D and L-Ser, D and L-Thr, D and L-Val~ The sweet smino
. A - ! :

P , - .
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acids were D-Trp > D-His > D-Phe > D-Tyr &> D-Leu > L-Ala > Gly. Amino.
,acids with bitter taste were L-Trp > L-Phe > L-Tyr > L-Leu, The sulfur

-
containing amino acids, D and L-Cys, D and L-Met had sulfurous taste. L-Glu

was found to have a unique taste-potentiating property. The characteristic taste

modilying property of ‘MSG is called *umami® in Japanese and it plays a -

predommant role in the flavor of foods, such’ as meat, poultry, fish and other
seafoods (Yamnguchl, 1079). o ot
Kirimura zl al. (wm; indicated lhat amino acids may affect the taste of
l‘oodstuff in vanolls ways e.g., ,;me amino acids conmb\lte to the inherent tastes
of l'oodsmffs thzmselvu some spécific pattern of amino upld mixture can intensify
the taste of foadstuﬂ‘ and lncrme the mouthfulness wnhout losing thelr inherent
taste, and the buffer action of amino’acids can also contribute to the taste of

foodstuffs.

Kmm\um et al. (1089) stated that the taste of peptides was wenk compared
to the taste of amino nclds The taste of peptides ard not simply related to the

amino icids; e.g, the peptide L-Gly-L-Trp is_ggj bit@er although it contains L-Trp

(Solmq. 1969) However, the taste of peptldes from the hydrolysis-of protein were

fmmd \to be acnordmg to the termnml amino acids.

Bitterness of péptides can be pred&d from their amino acids composition
(Ney, 1071) The method is based on the vslue Q which is calculated !rcm the
solubility data of the mdwldunl ammo acxd Pepndu with Q < 1300 are not

bitter, peptides wnh Q> 1408'show a bl"e{\ taste.




" al., 1073). s .

The distributioli of peptides and their “effect d‘n tnste has been sh{iﬁd
Some peptides egrtaining glutamic aud are responsxblq‘ for the brot:y taste of the
fish protein hydrolysa!e The -udm peptides of molebulu welghl less than 1000
afe responsible for S short time taste effect whereu fracuon with a molecular,

wclght higher than 1000 gives rise to s rather long time taste effect (Fujimaki et

ll. was concluded that peptides contribute to botly the complexny And favor

balance uf the taste W(Kmmnm etal, 1960) ',/

Ynmunlu and Mnekawn (1978) mlated a peptide Imctlon fl’D;'n beef gravy
using gel l‘iltnuon with Sephadex G-25, chromawgraphy dn an fon exchuﬁe resin
(Dowex 50, x 4) and psper electrophoresu The ammd acid sequence of the
delicious taste peptide  was determmed by Edman ' ‘degradation -and
curboxypepudue A. The primary stmcture of the peptide was proposed as H- Lys-
GIy-Glu-Ser—Leu -Ala-OH.

1.8.1. Tasts of fish and shelllsh LA
\

! F
The taste of fish snd’shellﬁsh rigi 5 from wat luble ‘low molecul:

wnght componenu (Kvnosu and Yamaguchi, 1082) These #mctive componenu.

are more abuadant in the muscle of molluscs and crustacean than they are in the
- |

muscle of fish. Jones (1981) reported that part of the fhwdrf of the fjsh is d'erived.

from 's\lgu-', _sugar -phbsphnté, amino acidg and peptides, nucleotides and
derivatives, organic acids, fats and degradation products of fat and nitrogen bases. '

>
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The content of free amino scids in crustacesn muscle is higher than in fish

muscle. The major free amino acids are taurine, proline, glycine, alanine and '
arginine. Shrimp has a very high content of glycine. Hujitx‘el al. (Iﬂ7é’;stated -‘
that glycine may contribute tw sweetness of. shrimp. The free amino acid
content of mollusk muscle appears to be n between,fishand crustacean. Konosu

7 (1979) used an omission test to determine compounds contributing to the taste of

"crab. Umami and sweetness decreased whcn glycine was omitted. Glutamic acid

contributed greatly to umami. Alanine served 3 preduce part of the sweetness ~
ond arginine was important for the overall taste'ss well as the cfablike taste. . '+ - '
Na*, K*.and CI were also imfortant for the crab taste. Hashimoto. (1965)

reported o a sy hetic flavor lated based on the compositi of the extract

of uni (sea urchin gonad). IO, was lound Lhat ‘omission, ol’ amino acids s]gmfcantly
influenced the taste. The most ml’luenml amino acids were glycine, slanine, ‘_"7
valine, glptamic acid and methionine. Absence of glycine re;lllted in a decrease in
sweetness un.d an increase in biztefn;m, According to Kiesvaara (1975) asparticw'

éci\d, glutamic acid, and methionine are amino acids responsible partly for the

meaty flavor in fish semi-preserves. Although it is evident that several peptides

m"e present in extracts of fish and shellfish,,only alimited number of peptides such R
28 carnosine, anx;rine, balenine and glutathione have been idex;;ified (Konosu and

Yamaguchi, 1982). * . -
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1.8.3. Flavor comppnnda In fish sauce

All the nitrogen Aompmmds in fisk sauce werelbuﬁ to be dxa.lyuble (van

" Veen, 1953), indira’ting that the protein was completely broken down. Kasemsarn

(1983) suggested that the llavor of fish snuce is due to microbial reaction on
* proteins, or promn degraduuon products. Most of the bacterial species do not
attack pmteins but utilize more readily 'nvailable protein-degrnda&ion products.

Thus, n was concluded thst the t.yplcsl flavor of ﬁsh sauce was developed ‘during

the Iater mge al fermentation.

Hownrd and Dougaw(mu) i f d the flavoring consti of ‘fish

sauce. Thgx reponed that carbonyl g)mpounds such as uetune, acetaldehyde,
bulnn-z-one and n-vnleraldehyde were fourd in low concentration and - they
appeared to make no, c‘,ontr utlon to the odor Esters and sulphur- compounds did

“not play xmponnnt role’ in odo& eltl)er The volatile acids found were l‘ormlc,

vaceti¢, propionie, iso-butyric, n-butyric and i leri nuds, !l:;sse acids gave a
d)stmct sharp, cheesy odor when reslnred to llmr ongmal concentralmn in water.
Saisithi et al. (1966) also_ ldenuﬁed l‘ormxc, acetic, propmmc and iso-butyric 'in .
*Thai fish sauce, nnd concluded that volmle f:t{ acids played an lmportyt purt

in the aroma of ﬁsh sauce. .’ 5 .
. . L ¢ " . o N
Dougan ang Howard (1915) phted that the aroms of fish sauce comprises
three distinct notes, Cheuy aroma den\m from- lower. fatty lclds, the most

lmportnnt of whlclrm n-bntync acid. Ammonmcnl odor derives lrom ammonia

and amines. . Meaty aroma is and can be produced by oxidati of

‘
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precursors present in the fature sauce by atmospheric oxygen. It was suggested
- that fatty* acids in fish sauce are-more’ likely to “have been. fornied by ‘the
% e d

hydrolysis of fat ‘lh'an by any other mechanism (Dougan nﬁd Howard, 1975].

< . : 5 L
Orejana ‘and Liston: (1979) assumed that free fatty acid levels wnil]df'indicnle

lipase, activity, since salt does not interfere w_ith lipase activity (van Klaveren and
Legendre, 1965). However, Beddows et al. (1980) inves’ligated the origin and the
mechanism of formation of the volatile: hny aci;ls in‘budu (Malaysian fish' sauce)
and concluded that lauy acids did not nppear to be denved from the breakdown

ol’ the fish hpni Using (U-”C)pmtem hydrolysnle, it wu shown that . amino acids

« are the sors of the n-butanoié and, ic acid” and also «contribute to” .

the formation ‘of ot‘hér acids. Ooshiro-et al. (1081) conﬁrm_ed ﬂut volatile ortnnic

ncids are i p for zhe ¢ p ol fish sauce aroma. Mclver

et ul (1982) frnchonsted lhe solvent extract ‘of fish sauce fo ncldnc, neulul and

“ basic fractions. The agdtc frpchon was composed of acetic (20% of rrachon),

propionic (14), iso-butyric acid (3), 4-hydroxyvaleric acid lactone (I2)._ n-butyric
'(17), iso-valeric (8), levulinic (10), phenylacetic acid and 3-phenylpropionic acid
" (3). The relative and absolute amm;nzs of the short chmn volmle rmy acids. I‘ve

Jbeen found to be vunable dependmg on the type o! sauce (budu nnmpla or paus)

" as well as the quuhty of the product. Fish sauce with less volatile latty acids was
described as less cheesy and more ammoniacal. A mixture of these volatile fatty”

acids in.the same relative amount found in fish sauce gave a'sharp, ﬁheesy aroma . o

similar to that of the acidic isolate.
1

Fish sauces made from flounder and trout were found to have-isovaleric acid
. o N s a g @0 o B
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2t the highest percentage composition followed by acetic acid and isobutyric acids

(Chayovan et al., 1083a). Total volatile fatty acids (C-2 to C-4) in trout sauce

(fatty fish, 9.2%}‘1}) were about 3 times higher than in flounder sauce (lean fish,

1.8% fat) after 9 months fermentation. Non-volatile fatty acids (C-8 to C-18) wére
found in very low concentratipn compared to the volatile fatty acids. It was
concluded that the flavor of fish sauce céuld be due to the overall effects of both )
volntlle‘and };ﬁﬁ’ﬁ!ﬂe fatty acxds along with other bxochemlcal redctions that
generally occurred in l‘ermentatlon: It is possible that the ﬂ&vor of Tish sauce is

also infl d -by somg b xic ion ' products of long-chain ~

polyunmnrated fatty acids which are found in fish hpxds

Sanceda et al. (1983) fractionnled the steam volatile distillate of Philippine

" fish sauce into 4 fmclion:s, neutral, acidic, basic and phenol. They concluded that

the acidic fraction appeared to play a major role in the aroma. The major
components in the acidic fraction were n-buty;ic and propionic acid. n-ﬁutyric
acid wssmo be the most abundant, ‘accounting for abfxut 50% of the total
acids in.pstis (Sanceda et al., 1984). The five major acids in the acidic fraction
were n-i)utyric, propionic, iso-butyric, valeric and nc.etic acids which aqcaﬁnted
for 98% of the total acids. Fujii ef al. (1080) found only acetic acid (2.03 mg/ml),
propionic and isobutyric acid (0.06 mg), buty;ie acid (0.15 mg) and isovv;leric’(u.m
mg) in the pi?ls nn'\ple. Isocaproic, ‘n-.valeric and li-cnproic acid were not lo‘und.

The meaty aroma of fish sauce was found in the neutral fractign of the :

solvent o:;(l.rgcwl fish sauce (Mclver et al., 1982). The mnjq‘r compounds which :
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accounted for more than 10% of total comp were lactones (yb 1

o y-caprolactohe and 4-hydroxyvaleric acid lactone), 3-(methylthiol) propanol and
2,3-butanediol.

, The basic fraction containea mainly ammonia and trimethylamine.
Dimethylamine and Z,S:bntanediol were found in sm‘nli amounts (Mclver et al.,

1982). It was suggested that the volutile bases also contributed to the odours-of

ﬁsh sn\lce, but thelr effects depend upon both their concentration and the- pH

, & vaIue of the sauce which was usually between S 8 and 6.1 (Howard and Dougnn,

1974).

1.9. Use of fermentation aide; in fish n\lc‘e production’
The fermentstion time for fish sauce production requires a perioﬁ as long as
6-12 months because of the very high concentration of salt. A lot of work lmrA

[ : . «
'been undertaken to shorten the fermenting time of fish sauce. : I

[y

Kasemsarn (1963) inoculated pure bacterial cultures isolated from fish sauce

to the acid hydrolysate of fish muscle and reported that at least one organism’

. . .
produced a typical aroma and flayor after incubation for 2 weeks, thus it wasT
. conéluded that ruh sauce could be pmdnced from the ncid hydrolysate of fish
muscle incubated with pure culhu-e Saisithi (1987) lm:r described this orgnnlsm
2}

which was Pzdwcoc:ua Ilalaph'luc %

bromelnn and ficin have been used to shiorten fermennhon time. The uue of
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" sensory score.

42 ) .

bioprase and pronase was reported by Murayama et al. (1962). The fermentation

time was shortened t6 70 dnys\ and a fine quality fish sauce was produced.

Guevara ef al. (1072) used papain in patis (Philippine fish sauce) (ermenml.xon and
claimed lhat the fermentation time was reduced to 4-7 days thhouz any
destruction in’ characteristic flavor. Papain was used in the production of fish
sauce using Stolephorus sp. as raw material (Beddows and Ar;iesl;ir. 107951 and
after 2f days at 33°C the supernatant “liquor had no pzmiculnrl); stmng‘x;r'

unpleasant flavor.. When bromelain (0.80%), ficin (2.50%) and papain (2.75%)

- were comp;red, bromelain was found to give a better result. Ooshiro el al..(1081)

uéeci’papnin, bromelain and trypsin to aid ‘the fermentntilii’l of fish sauce. Papain
was found to give a better result with sardine at a concentratidﬁ‘o_{lo.s% enzyme
based on the fish weiglit‘; however, the final enzyme treated-product lacked the

typical aroma-of fish sauce, although the taste and color were satisfactory.

)

The visceral extrnct from sardine, which' was reported to conmn several

was used in the prads of fish sauce from sardine (Yoshmnka etal,

P

1983). The sardine flesh homogenate was incubated with the visceral extract for 5
b at pH.8.0 and at 50°C. The mixture was clarified by centrifugation and 25%
NaCl was ldded Themy of the fixh sauce obtained .was reparted to

comparable with the commercial shotturu in bqth amino acid content and‘the -

Trypsin, chymotrypsin, pronnse, l'ungnl protease or squid heputopancreu

enzyme extract were used in [ ion of capelin i et al., 1088)
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The initial rate of fermentation was higher with added enzymes but after 13
mon't‘is the fungal protease, pronase and trypsin su_pplemented 'sauces‘ were
somewhat low in free amino acid content. Squid hepatopancreas accelerated the
rate of fermentation and resulted in a final product with a h‘igher conte;n of free
amino acids. Sensory evsl;mtion showed that an excellex’n quality fish sauce can

be made from capelin

d with squid b

The use of acid in fish sauce manufhcture was ;mdied (Beddows and
“Ardeshir, 1878b). . Hydrochlo;ic acid was used and the optimni conditions wére
seported to be either pH 2.0 and 10% sx;lt.(w/w) or pH 3.0 and 15% salt (w/w). ‘
The end product was found to have very little aroma or »ta.ste I;ut the_s&lul;le
nitrogen content w;s high. It. was ‘sgggeslded ;l;st the..product produced with
acidification be mixed with traditional product. Gildberg et al. ilDSd) used acid to
lower (ﬁe pH of fish-salt mixture to pH-4.0 and reduced, the salt content to as low
23 5%. After the initial phase of rapid autolysis, the sa’mples were uentralized md‘_
salt was added to the normal conceutruhon (25% w/w). Thls process was repon.ed
tu be able to produce acceptable fish sauce nl’ter 2 months, wheréas the trnd:’{n\aj

I'evmnntmg ume is 8 months or longer. Although the ‘sauce had a lower level of

volatile base and acxd it-had ‘a better balanced composmon o!bessentlal smmo_

acids than a first gnde commercml fish sauce
. Three strains of halophili bacteria were,isolated from Chinese and Bufmese -
fisk sauce (Oosbiro et al, 1082). Two strains were identified as:B_acx'll:ua B, and

Cl, Both bacteria were able to grow in |'mgdium coinhining 4M NnC! and




of lpuclelc ‘acid function nnd pro@eih synthesis. Sovr‘ne‘of the amines are allergenic
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produced proveolytic enzymes (Ok et al., 1982a). Use of these halophilic bacteria
to aid the fish sauce fermentation was found y have a remarkable effect, the
fermenting time was shortened to 3 lx;nonths. Free amino acid profiles in control

and bacteria hdded samples were siriilar (Ok et al., 1982b).

Huang e‘l al. (1980) reported, on 'lls_ing high temperature and low salt in fish é

sauce fermentation, that brine of 20-24°Be and femperatures of 50-55°C é‘ou_ld be

used fully to shorten the fe ion time giving higher yields of amino
acids than low temyerntnre and‘high Qal! fermentation. The’ flnvor of the product

depends on the degree of salting of the raw matensls nghgr salt content and

-longer time gwes the ri:h unucé’-rbener févor.
. v e ~

Flsh sauce wlnch is- prepnred by accelernhd [ermentmon normslly hss

. mfenor consumer ncceptub fy dueto differences in appearaice, taste and. aroma

" from the tradltlonul product. Hownrd and Dongnq(l(ﬂd] concluded that the ﬁsh

sauce ‘produced. by npld yroteolysm was unllkely to glve products wnth the 3

tndltloml ﬂavor unless lhe lormsuon of l‘auy dcids'was also Accelernted

l.,iO-ﬁ_mineq in fish sauce : Rt T B

Amines are ba\ic‘ nilrcgénous compounds usually- formed by décnboxylutioﬂ .

of amino lcld! by bacterial enzymes. P and s

= probnbly oceur umversnlly in animals md plnnts and they are found in most

bgczem(Smnh 1980). Py ine d spermildi ‘are i m-the egulati

\ 2 , .
or biologically active: Tyramine and 2-phenylethylamine afe known to cause.
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*cheese reaction®- the increase in blood pre’ssure which cause severe headache and

may induce a brain haemorrhage or heart failure (Smith, 1980). Histamine is the

agent of boid food poisoning (Ei iller et al., 1982). Moreover,

in the p;eseace of nitrite salts, amines may forin carcinogenic nitrosamines

* (Warthesen et afy 1675). Normally the e‘xngenou)s amines t_al;sorbeq from food will
be mpidly detoxiflied by amine oxidases-or by conjn‘galion, but in patients treated
“with monoamine: oxndase inhibitory drugs there will be high risk \QKLOXICIQ‘}'
There are reports of nlghtmsre, illtess and even death from 'overconxum\hon'v

of fish sauce (Steinkraus, 1983). Toxic symptoms may be caused ‘by the presence
e RRl e )

of toxic bi ‘j ;b_‘ | amines.. Stei (1983).also, suggested that it was possible for

anaerobic bacteria including C)oalridium, bnluli‘nvum} to develop' in_ improperly

_handled fish sauce ferrri;znlntiuﬁ. Ho‘wever‘,_ nder normal circumstances it is not
likely that C. botulinum will grow in fish sauce because of its high sl;lt cohtent_
(27%). Crisan and Sands (1975) reported on microflotiof four fermented fish

sauce samples that obligate anaerobic bacteria were not found in any sample.

"~ 1.11. Standard of fish sauce quality
sz Accordmg to the standard of nnm pla, local Thal nsh sauce {Anon 1983), -

the reqmrements for fish sauce are shown in Table 1-5. -

Sensory evalumon of hsh sauce is based on color, nromn and flavor. ’l‘he' /-
score for color i is 10 and the dulred hue-is reddish- brown.: The scores for aroma_-

and'flavor are 50 and 40, respectively. Total sensory score of the first grade and
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Table 1-6: Local Thai fish sauce standard

- Requirements for fish sauce

-

Characteristics . . . ‘' Grade

1 — 2
* &
Specific gravity at 27°C L2 " >12 )
. - — i T - M

- pH - 5-8 586

Sodium chloride (g/L) . > 230 >'230 -

Total nitrogen (g/L) i > 20 X > 15

Glutamic acid N/ Total N £ 0408 0.406

Amino' acid nitrogen (g/L) > 10 > 175

s - I

Source : Anon., }933. i

second grade fish.sauce must be highe'r than 80 and 70, respectively. The s(undsvrd"

also requires- fish sauce to be clear, without sediment except salt crystal.-No
] pr‘eservntivu or sweeteners otherthan sugar are vallowed, to be used. Similarly

t g
“only caramel is allowed to be used for improving color.
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1.12. Problem approach &l;d hypothesis
In Newfoundland the consun‘lption‘ of fre-Sh capelin is normally limited to the

local area where the' fish are landed. Studies on quality of frozen stored capelin

showed Lﬁat :né' lean capelin can be well kept in frozen' storage. Quick frozen

éapelin can be stored for at least one year (Jangaard, 1974a). The non-spawning

capelia, with higher fat content, has the same keeping quality as that of spawning

capelin (Shaw and Botta, 1977). Quality of long term frozen stored capelin was

more affected by preprocessing treatment than by storage time at -23°C, The -
. seusr;lly evaluation of frozen ca‘]ielin showed that the fish -was acceptable after 21

months storage (Botta et al., 1983). Besides ‘the export of dried ‘or frozen female

capelin,” the utilization of capelin inr;" foundland is still un ited. Angel
{1971) observed the extensive waste of male capelin which had been d‘hmped into
the sea or were'lew on ‘the beach to rot. In 1981, the price of capelin for reduction
o ekl i3 centsipin Kiloguaonswhidh wasimudh Hha:sime:anithe piisesih
1979-80. The price of 100% female capelin was 59.5 cents per kilogram (kg), while
20-35% female was priced only at 7.2 cents/kg. These pricu\'were paid as per
agreement between the c‘apelin processor and Newfoundland Fishermen's Union
(Anon., 1082a). ‘In 1985, the pl:ice ol‘_ﬂ&-lm% female cape7|bi‘n paid to !isherme_n

was 22 cents/kg and the price for 36-45% female was only 3.75 cents/kg. ** ~

% . i
Capelin fish sauce was prepared from male capelin suﬂl;ented with squid
bepatopancreas (Raksakulthai' et al., 1986). ‘The yield of the fish saucé was
approximately 80'-) il/kg fish. Considering the cost of productioh was less than 50

. oy
. "cents/l compared to commercial products in the local market. which {e’bst

L
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$3.33-4.67/L, the use of male capelin as raw material for fish sauce prodnction
" seems to be promising. Preference tests by sensory evaluation showed capelin

sauce had higher acceptability than the commercial product from thé Philippines.

Because of the growing -population of Canpdians and Americans’ of South-East
Asian descent, there would appear to be a, sizable market for this product in

North America. ‘

It is hypothesized that the initial autolysis as well as the ripening of fish

« _sauce is. caialyzed by proteolytic enzymes which are endogenous to capelin, squid”

hepatopancreas, and. proteolytic\ enzymes of ‘microbial origin. It is further

hypothesized that the ch istic flavor of fish sauce ds related to the amino

Va acids anci peptides l'oimg'd as a result of pro’tein hydrolysis. v
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The objectives of this study were

1. To *elop a method to utilize male capelin by producing a food
condiment with acceptable‘l’lnvor and aroma. '

2. To determine o,pnmal conditions !or the fermenuuon and the
importance of aging or ripening on fish sauce quality. .

3. To understand the chemical change of protein during fermentation.

4. To mveshgate the contribution of endogenous and bacterial enzymes
w protein d dation in fish sauceé p! s

- 5.To undemum} the ' contribution ol‘ amino aclds and peptides to che
ﬂavor of flsh sauce,
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Chapter 2
Materials and Me{:ht;ds
2.1. Biologieal Specimen °

2.1.1. Capelin

Inshore capelin were hnrvested in Outer Cove, Newfoundland by handnet, in

June 1983 and, Jyly 1984, and’ washed with tap water before grmd]

Hobart 7 horsepower, 6 mm plate, meat grinder.
e

2.1.2. Red feed capelin
Frozen capelin suspected to contain red feed, (rejected by the Japanese
buyers) were obtained from Fogo Island. After receiving the fish, they were kept

nvt -20°C for 4 months before use.
2.1.3. Squld hepatopancreas
Frozen Atlsntlc shorb-ﬁnned squld were purchased from Fishery Products

Ltd., St Jahns, Newfoundland. ‘The h (SHP) was removyd and

mixed'directly with the fish-salt mixture or was cooked in a water bath at 100°C

. for 30 min, cooled and added to the fish-salt mixture.

!wnh a
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2.2. Chemicals and supplies

Commercial fish sauce, Rufina fish sauce made in the Philippines, wn‘s.

purchased from a local market, and was used as a reference in sensory evaluation.

. 4
Mco&rse sult, used for pickling, was purchased froph a local, market.

Gshmycin \Vrengent solution -(Gentamicin sulfate, USP), 50 mg/ml was
purchased from Schering Corporation, (Kenilworth, N.J.).

-

Formaldehyde v(38%‘ v/v), HCl, Nessler's reagent and i 4-

chloromercuribenzoic acid (PCMB) were purchased from BDH Chemicals,

-(Toronto). ’ . -

Lithium citrate sample dilution buffer 0.2 M, pH 2.2 and 6.15 M sodium

; »
\cilrate buffer pH 2.2 were purchased from Pierce Chemical Company, (Rockford,

Tllinois). K

Microbiological media, Trypticase Soy.Agar *was purchased from BBL. .

Becton, Pickinson and Co, Canada. Bacto peptone was, purchased from Difco

Laboratoties, (Detroit, Michigan).

All other chemicals were purchased from Sigma Chehical Company, (St.

Louis, Missouri).




. 2.3."Preparation of-fish sauce . - S .

2.3.1, Contribution of fish/squid h:]")ltoplncreu'cnlymeu to fish sauce

fermentation '

2.8.1.1.'_(‘ b of s.qn_ld ) nzy .

Minced capelin was rhixed with salt at the ratio of fish to salt, 4:1 (w/w).
The mixture was len for 16 h at 4°C. Sampla of llsh sall mixture (l kg) were

pncked in glass (1.5 L) jars, Duplicate 1 kg samples weze supplemented with 25 g

o! elther cooked or raw sqmd hepampmcreu In one sel of duphcute (I kg) .

. samples supplemem/ ed with raw sqlnd hepnmpnncrens, the pH was ad]usled to 4 5

"+ using 6 N HCL'All !ermenung jars weu senled and stored ‘at amblenl tempemture 3

* (20-25°C). Another batch.o!.fmh-sslt mixture was {;repugd in the same way usjng ;

- frozen .c'apell ‘(3‘-mt’)nths’ at -20°Cl as raw material- Different concentnﬁons' of

. sqmd hepatoplncrels (5 and 10% w/w of the ﬁsh salt mumlre) were alsa used to

d ine the optil atration of SHP in fish saucefermematmn

2.3.1.3. Contrit of fish digesth y N

One lot ol fish sauce whs prepued from l‘rozen femnle vapelin which was i

'mspected to conmn red l‘ega The ﬁsh was thawed at 4£C for 16 h nnd sepnrated

.inta-2 parts. One pnxt was gro\md and mixed with snlt (25 % salt w/w) The

second put was headed, gutted. nnd wuhed with tap water bel‘ore grmdmg and -

then tnixed with salt (25 % salt w/w) The fish-salt mlxtnres were left- at 4°C for

- 18 h: Duplicate nmpla (1 kg) of each mixture Wore packed in15L glm jars, - .

utlul nnd swred at nmblent tempenhue (2&25“0) B

. ooy

\
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2.3.2 Optlmn_l conditi for fish sauce fe it
v 2.3.2.1 Effect of salt concentration \

Duplicate (1 kg) minced samples were mixed with salt to obtain 15, 20,-25
and 30 % salt based on fish welg'& The samples were packed it jars, which were

sealed and stored at nmbleﬂt‘temperuure . M
1 .
2.3.2.2 Elr:ct of umperntnre |

i | . o
Duplicate sar?ples of ﬁsh-s‘al? mixture (500 g): (i) 25 ?‘5 sail w/w lA-37i,_ (ii) "
r -30% salt w/w (G-37) and (iii) SHP supi)lemente‘d (B-37) were packed in lglass jars,
sealed and mcubated at 37°C for 40 weeks. The bnnes formed were sampled at
dsf[erent hme mtervals for- analysis of pH and degree of . protem hydmlysls nnd

" .compared to the samples mcubated at ambient temperature (20-26°C)
2.3.23 Ema of pn ¥t

P - .

R ) Sumples of ﬁsh snlt mnxture, 25 % salt w/w (300-g) were adjusted to pH 3
4,56, 7 and 8 using 0 N HCl or 50 "6 (w/w) NaOH These snmples were stored, *

PN .in senled glass jal’s at 37°C for. 40 weeks and the brines !ormed were annlyzed [ar ;

’ pH and degree of protem hydrulysu at dlﬂennt fermenhng tlmes. .

> . . 78

_23. S. “ontrib of bacterk ymes Wﬂah n\lea fermcnhtloﬁ
238 lFﬂect of: dellyed nlﬂng T e

Mmced cnpeﬁn 1500 g each) was. held at room temperatnre for 8 18 snd u

b bifore mmng wnh sﬂt at the ratio of 4:1 (w/w) The salted mixtum were Im»

for 12 h at 4°C pnor to packmg ln iL glm )Al's, eenled- and stored al amblent
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2.3.3.2 Effect of mtlhl?ﬂu
.
To study the contribution of microbial enzymes to the proteolysis in fish
’sauce, salted mince (25 %‘ salt w/w) was mixed #%h Garamycin reagent _solution

(gentamicin sulfate USP, 50 mg/ml) at the concentration of 2 mi/1 kg of fish-salt

mixture. Another set of samples of minced capelin was held at room temperature

" Tor 24 h before mixing with salt (25 % salt w/w). The control without antibiotic

(CO), the treatment with antibiotic (AN), and the delayed salting sample (DS)

w’vere stored in sea}ed glass jars at ambient temperature (20-25°C). Total bacterial

counts were clrned out between1'- 40 days Degree of protein hydrolysis, pH

and soluble proteln were also analyzed.
T 284 Reeovery of fish sauce \ . ”

The liquid formed during fermefitation was sampled for chemical snalysis ‘at

different time intervals. After 6 months, the liquid was recovered by filtration of S

the brined mince through "Whatman No. 1 filter paper and stored in sealed 500 ml

‘glass jars at ambient temperature. Sensory evaluation of fish snnce’ was normally
conducted 8 months ‘after filtration. The identification codes of samples of fish

. sauce prepared during the course of this study are shown in Table 2-1.
. \ ™

\
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Table 2-1: Identification code for fish sauce ssmples

Sample code Treatment

AFAL,CFS. "~ Contro, fishisalt &:1 (w/w)
B,FB!,SQ-FS 2.5 % SHP supplement to control

» CFC! 2.5 % Heat treated SHP supplement to control
D,FD' . 2.5 % SHP supp)ement to control,
pH of the mixtures Were adjusted to 4.5 !
- E8 " Mince was held at room temperature for 6 b priot to salting
E-18 . Mince was held at room tempersturé for 18 h prior to salting
E-24, DS .. Mince was held at room temperature for 24 h prior to salling
. ~ - )
e R U alt 6.6:1 (w/w) . :
K alt 5:1 (w/w)
Lo alt 4:1 (w/w)
. GM alt 3.3:1 (w/w).
Jg " salt 4:1, pH of the mixtures were sdjusted nccordmg
X s i s 8 to the subscript number -
+ RRF ° - Round red.feed capelin was used as raw material; fish : salt 4:1
' GRF Gutted red feed capelin was uged as raw material; fish : salt 4:1
co Control, fish:: Sl 1
AN Antibiotic treated fish-salt mixture (4:1 w/w)

! Capelin was frozen for~3 months at -20°C before use as raw material:
2 Sample was spoiled after 2 weeks snd wu{"w‘carded.
|

S
<
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2.3.5. Preparation of fish sauce for partial characterization of restdual

ensymes

To characterize the activity of enzymes retsined after the fermentation, fish

unit.

sauces were prepared and by a Millipore

A large batch of fish sauce was prepared from previously frozen capelin (3
months at -20°C). The fish was thawed for 16 b at 4°C prior to mincing. One lot
of mince (8 kg) was mixed with 2 kg salt (C-FS), another 8 kg lot b was similarly
salted and supplemented wnth 200 & squid hepatopancreas (SQ-FS). The mixtures

were mred in 20 L plastlc conlamers with covers at ambwnt temperature for 6

~-" months be_fore filtration through donble layered chieesecloth and finally through .

’

Millipore ultrsfiliration.
2.4. Analytical Methods "
2.4.ivpH

pH of fish sauce wis measured directly using a Metrohm 632 pH meter.

2.4.2, Deg}e- of protein hydrolysis

De;ree of protem hydrolysis (DH) was measured by rormol titration

(Beddom et al, 1976), using & Metrohm pH tltrator (Brink I

Rexdale, Ont.). Sample (1 ml) was mixed wnh 40 ml of dl{hﬂed water and’

mrnted to pH 7.0 with 0.1 N NaOH then 10 ml of l’ormulm solution (38 % v/v)

was added to the neutralized sample. The titration was continued jo pH 8.5 with

Whatman No. 1 filter paper. The liquid was: frozen at -70°C until used F!or )
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¢ 0.1 N NaOH. The degree of hydrolysis was expressed as mg formol nitrogen/ml -

fish sauce.

Mg formol nitrogen = ml NaOH (pH 7-8.5) x Normality NaOH x 14

0 2.4.3. Browning development in fish sauce

N

, Brown color of fish sauce was estimated by A{ou om Using 8 Beckman DU-8 * .
spectrophotometer. Color of the fish sauce was also measured using a H‘untern .

‘Gardner XL 20 reflectance colorimeter. A white standard plate was used to

/ dardizé the coloril prior to obtaining L, a, b values of fish sauce samples,
The total color difference (lf) between a white standard plate and each sample
" . ’ e 3
was computed from the eq/u&tiun B

P L _E=((AL)2»+(M)",+(A|;)2)°_£) A\

2.44. Amino acid analyses .

2.4.4.1. Free amino acids
Diluted fish sauce (1 part of fish sauce : 99 parts of water) was deproteinized
with 12 % (wjv) sullosslieylic acid and diluted with 02 M Lithivh citrate sample
dilution buffer pH .22 to appropriate dilution and snalyzed in. the'Beck‘man
.i‘u-nino Acid Analyzer Mfzdel 121 MB as described in the Beckman bulletin 121 M-
" TB0s3. e
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2.4.4.2. Total-amino aclds % j
For snalyses of total smino acids, diluted fish sauce (1:09) was hydrolyzed

with 8 N HCI for 24 h st 110°C, sppropriately diluted, snd analyzed in the

Beckman Amino Acid Analyzer Model 121 MB.
v

2.4.5. Soluble pruuln

Soluble protein in fish sauce was estimated by the Biuret Method (Cooper,

1977) using bovine serum albimizi (BSA) asastandard. (Appendix A).

2 —
2.4.6. Totnl nitrogen - -

Total' mtrogen in ﬁsh sauce was determined by the Mlcro-KjeIdahl methodv

(Lnng, 1958)," usm; (NHi)gso as a standard (Appendlx B)

o _2.4.1. Salt concentration

Sodmm chlor&content was determmtd accordlng to AOAC (1980), by 3,

volumetnc metHod (Appendix C)

2.4.8. Polyamines
Fish sauce was ‘iilurted 5-fold with water l?efau deproteinization with 12% A

! « sulfosalicylic Aci;:l and diluted to a)ipmbri|te d_il;nion with 0.15 M sodium citrate:

buffer (pH 22). . The sample was applied. to a Beckmian Model 121 MB amino acid
v a.nllyier using the method ducrised by Hallet al. (1978), with sorne modification.

Beckman. W-2 resin was pukeq_ in 0.2 M sodium hydrt.zxid; containing 0.01% .-
EDTA in'| glass column of 0.6 cm dismeter. The resin w‘as washed with i)nﬂer B
(0.12 M trisodium citrate; pH 5.4, 365 M sodium chloride An';l “0‘0'1% caprylic

néid, v/v) for 30 min to ensure that the resin displayed mﬁlmnm‘shrinkage. The
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height of the column was set at 7.3 cm. Polyamines were eluted from the column

at 55°C with buffer A (0:12 M trisodium citrate,'pH 5.4, 2.0 M sodium chloride

and 0.01% caprylic acid, v/v) for, 10 min after the sample was injected followed "

by buffer-B- for 20 min, Flow rate of buffer was 35‘ml‘/h and that of ﬁnhydrin

was 17.5 ml/h. Absorbance was ionitored at 570 and 440 tm. The column was

regenerated with 0.2 M sodium hydroxide for 4 min and equilibrated with buffer

A for 14 min after each sample. Peak areas and concentration were calculated

using HP 3390A computing integrator.

2.4.9. Sep lon of high molecular weight

Y Milli};ore Ultrafiltration, Pellicon Cassette system with polysulfone filter

of 10000 M. W. nominal exclusion liiit was used to fractionate fish sauce.

Sampl‘u of fish sauce (14 L), control (C-FS) and squid- hépatopancreas
snpplemehted'lish sauce (SQ-FS), were run through ‘the system until 1 L of the
filtrate was collected. The retentate (R)'and filtrate (F) were frozen _at -20°C

before being used for further analyses (Figure 2-1). . l "

2.4.10. Dialysls of fish satace retentate
Fish sauce retentate (30 ml) was dialyzed against 4 L of distilled water or 4
L of 0.9 % saline using dialysis tubes of 6000 M.W. cut off for 72 b at 4°C with

external solution chinﬁng every 24 h.




60 JpE—

Fish sauce (FS).

3 14L

Millipore ultrafiltration (M- SITi0Y).
|
] L i
‘ Retentate (R) Filtrate (F) "
04L 10L e

F—— L
R and F were analyzed for:

1. Protease activity I 1

2(Soluble protein

3. Amino acid cdmposiii%
- ) . 4. NaCl content

5. Fol;mol N

6 ToIN ' 45

7. Seisory properties and chemical analyses after agin}
»

Figure 2-1: Flow diagram of ultrafiltration of fish ?uce

ol
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2.4.11. Assay of proteué activity.
2.4.11.1. Hide powder uuro‘subnnte RS »

The assay mixture contained ?mg hide powder azure, 1.8 ml of 0.2 M
sod‘ium lcb;.ate-HCl buffer (pH 8.0) and‘O?Z ml of tl:e enzyme solution (filtrate,
retentate or fish sa_uce). After incubation at 30°C at different time intervals of 1-5
b, the mixtures were centrifuged at 1360 x g for 15 min in a Dynac centrifuge,
(Clay Adam, New Jersey). The absorbance of -the supernatant was read at 570 pm
ng&i\x}st a blank which* congained only 1.8 n-:l» acetate buffer and 0.2 ml enzyme

solution. .
b4

The linearity of enzyme volume [E] vs reaction rate was carried out by
" incubation of hide powder ‘azure (5 mg), 1.5.ml of .0.2 M sodium acetate-HCI
buffer (pH 6.0), 0.1 - 0.5, ml of enzyme.solution-and 004 ml of 25% salt solution

to give's final assay volume of 2 ml. - After 5 h incubation at 30°C, the mixtures
- e

were centrifuged, and the absorbance of the supernatant was read at 570 nm '

against each blank of the same concentration of buffer and enzyme solution.

-/The. accivizy_‘of enzyme Wag r‘pqrted as AAgq oo /h-ml fish sauce.
2.4.11.2. Axbin_nln substrate ’
The assayl mixture contsiiéd 1.0 ml of 1.5 %5 azocasein, 0.9 ml of 0.2 M
sodium 7cetate-HOl buffer (pH 6.0) andko‘l ml ol' enzyme solution (F, R and FS).
.After incubation at 30°C, at different time intervals the reaction wnsszapped by
the addition of 0.5 ml of 20 % trichloroacetic acid (TCA). Thirty minutes after
adding TCA, the mixtures were filtered through Whatman No.l filter paper. The

_absorbance of the filtrate was read at 366 nm against the reading at zero time.

\




4 { - . 62 ’
“The enzyme concentration [E] vs-reaction rate was conducted by incubating
s

1.0 mL of 1.5%5 szocasein in 0.2 M acetate-HCI buffer (pH 8.0), 0.025 - 0.3 ml of

the enzyme Qolution, 0-0.275+ml of 25% salt solution, and 0.7 ml of distilled water
to give s final luny volume of 20 ml. After 5 h ipcubntion, the reaction was
stopped by the addition of 0.5 ml 20 95 TCA, incubated for 30 min and (ilvlered_
through Whatman No.1 filter paper. The sbsorbance of the ﬁhr’e_wns read at
366 nm sgainst a blank of the same LE] ,M 210 time. For s\lbse‘quent experiments

‘ an [E] was chosen in the linear range ol'JE] vs reaction rate. .

The activity was reported as dAz50 om/h-mt fish sauce.

24,12, Partial characterization of ensymes ) \
:24.12.1, Effect of pH on pmmue uzlvlty of fish sauce reuntlte l
v" » Azocasein solution, 15% (1.0 ml), 09 ml o! buffer (pH 2.2 to’ 80) prepared
from 0.1 M citric acid - 0.2 M Ns,HPO, (McIlvaine, 1621) or 0.05 M Tri=HCI1
_. buffer (pH 8.0-9.0), and 0.L ml of the enzyme solution (fish sauce retentate) were
incubated .a'. 30°C for 5 h. The reaction was stopped by addition of 05’: ml 20%
’l’CA~and incubated for 30,min before filtration Ihrqugh Whatmnn No. 1 filter
paper. Absorbance ol'ﬁ§ filtrate wes read st 366 am ngnins;. the pH 6 reaction
mixture at zero Qime. ;l"lle effect of l}igh’ salt concenfr:tion on pH optim:nm of
protease activity was carried out using izocasein substrate and Mcllvaine buffer. N

containing 4 M NaCl.

In one anslym, 1.0 ml of 2% uocuem solution was incubated with 1.0 ml

. Melivaine buffer (pH 2.240), and lO ml of the enzyme solution. The »éay
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_mixture was incubated st 30°C for 16 b before the addition of 0.5 ml of 20% TCA

*and let stand for 30 min prior to ﬁltrn}.ion through Whatman No. 1 filter paper.

" The sbsorbance of the fi.trate was read at 368 nm against a blaok of pH 6

reaction mixture at zero time.
RN B 8 ’
2.4.12.2. Effect of NaCl on protease activity of fish ssuce retentate
The assay mixture, containing 1.0 ml of 1.5% azocasein , 1.0 ml of 0.2 M
sodium acetate-HCI buffer (pH 5 or pH 8), and NaCl was added to give the. final
salt concentration of 1 (5.8%), 2 (11.7%), 3 (17.5%)snd 4 M (23.4%) in the
o ; :

complete reaction mixtures, and 1.0 ml of dialyzéd (M,W.‘ at o(f 6000, aga’insl

k »
" distilled water for 72 h at 4°C with external solution changed every 24 h) fish

sauce retentate, prepared with Sf-ﬂ’ were - incubated at 30°(:7 for 18 B. The
reacmn was stopped by the addl'.lon ol 0.5.ml 20% TCA, .incubated fo: 30 mm :
and I'lltered thmugh Wha).rnan No. filtef paper. The absorbance of the hltmte

was read at 366 nm agslnst blank at zero mne without addition of NaCl.

2.4.12.3. Effect of inhibitors on protease activity of fish saute

Fish sauce (0.1 ml) was incubated' with 0.1 of 0.2 ml-of the rt:llnwin.g~

inhibitors: iodoacetate (1-2 mM in the final assay mixture), PCMB (1-2 mM),

*“HgOl, (0.15-0.3 mM:), EDTA (1-4 mM), SBTI (0.025 or 035 mg) in deiopized

water, PMSF (12 mM) in 10% 2-isopropanol. Dis’tilledhnter‘wu‘addgd to make

the total volume of 0.3 ml in éach tube.  After. incubgtién for 30 min,’ 1.0 ml-of

: 1.5% stocasein and 0.7 ml of 0.2 M sodium acetateHCI buffer (pH 6.0) were

added. The reaction mixtures were incubated at 30°C for 5 b, then stopped by

adding 0.5 ml- 2% TCA and left to. stand !or 30 min' before ﬁltmwn throu;h
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Whatmau No.1 filter paper. The absorbance of the filtrate was read against the

redction st zero time without inhibitor at 366 'nyn. The effect of inhibitors jn the-
presence of 4 M NaCl in the final .nssly i J'nixture wes also conducted. After
incubation of fish sauce with inhibitors, 1.0 m] of LS% szocasein solution and 0.7

ml of 0.2:M sodium acetate-HCl buffer containing 4 M NaCl were udde‘d. The

‘reaction mixtures were incubated at 30°C for 5 h.

2.4.124. Cathepsin C activity (Dipeptidyl aminopeptidase I)

Hydrolase activity ‘ )

The hydrolase actiyity of fish sancé and fish sauce retenlnia'was determined

uslng glycyl-bnrg\nme—d—methoxy B—nq@thylamlde (GIy—A.rg MNA) as substrate

- (Hameéed and Hnrd 198&) Enzyme’” sol\mon (0.1 ml): was mcubnted with 1.68 ml
of dutllled water, 0. 12 ml of 10" Gly-Axg MNA in dlmethyl sulfoxldb (DMS‘D), e

: 0.5 - ml of 0._2‘M sodmm acetate buffer (pH BAO),""md 0.6_ ml of 125 mM

ploethanclamineHCL The absorb was read at 340 nm, at 1 min
© intervaly using a Kinetic Compuset. Mg(l'ﬁle sttached to the DU-8
' spectrophotometer at 30 + 0.3°C. The retentate was replaced by water for the.

formed was d ined from. its

" blank resditug: The amoint of

‘molar. exlmeuon soefficient - (\780 M) 8t 340 nm (Lee et al‘ 1971), The activity Th

was d s nmoles 2:naphthylamine forrned/mi ‘ﬁshsauce

o, The transferase’ sctivity of fish sauce’ and fish sauce: retentate was

determined as described - hy‘ Mgcek (mzo)‘,, ﬁsing glycyl-l,yhevn‘ylalvuninamide




(Gly-Fhe-NH,) as substrate. The mixture of }.l ml 6! 250 mM Gly-PheNHT 01
,ml of 125 mM mercapwethanolamme 0.1 ml of2M hydroxylumne and 0.1 ml of
distilled Water was brpugln. to & temperature of 30°C for 5 min, then 0.1 ml of the
enzyme solution was atlledto the mixture. The reaction was stopped at 10 min
intervals: by ddding 0.5 ml of 20% TCA and 0.5 ml of 5 % FeCly in 01 N HCL

_ The muture was diluted to 2 ml with distilled water and centrifuged at 15600 x g
for 5 min. The absorbance of the supernatant was read at 5;10 nm against a
blank reading at zero time. A standard curve was prepared using phenylalanine
hydroxamate. The amount of dipeptide hydroxanute Iormed‘dnring the enzymv

. reabtion was estimated. from the standard’ curve. The trmsleme agtivity was

p 45 the f jon of 1. nmgle dipeptid f., in -1 min/ml ﬁsh/

saude urider the condition of the assay.

Effect of NaCl on-hydrolase activity -~ ' . (

. ) . o ;
Fishr saice ret&tate, dinlyz.:zd against deioized water for 72 h at 4°C, M.W.

cut off 8000 was incubated with hydrolase’ assay mixulre containing

gly %u b lanine- phthylamide (Gly-Phe-NA) substrate instesd of Gly-

Arg-MNA ana r‘ne{captoethanalnmine—ﬂcl was replaced by mercaptoethanol and
10-40 mM NaG). The absorbance at 340 am was read at 1 min intervals using 8
) ‘Kinetic Compuset ‘Module‘ sttached to the DU-8 specirophotometer against a
binnk of ZB;'(; pgrc,ent NnCl, and water was used to re;;lncq the retentate. ‘
. ==, LR :

. , )
Fish  sauce re was also incubated with hydrolase assay mixture

cdntainiﬁg.Gly-Arg—MNA, mercapmthan'olami;e-l-lcl a;nd 5,10; 15 and 20% '
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P
NaCl._ Activities with and without NaCl were compared and calculated as %

» activity of the control. i -

Inhibition:of hydrolase activity

b

Fish saice retonta > (0.1 mi) was.incubsted with hydrolase assay bufer
ccnta.ining the inhibitors: mercuric cl‘lroride‘(o.l, 0.2 mM), p-chloromer‘curihenzoic
acid (PCMB, 1, "1:5,, 2 mM), _ioduscetic acid (4, 2 mM) ;nd soybean trypsin
inhibitor (SBﬂ 0.25, 0.5 mgi After 30. .min incubation._. st 30°C, Gly-Arg-MNA
substrnle was ndded The Absorbnnce at 340 nm was 1mmedlately read using the
Kmeuc Compuset Module attached to the DU-8 spectrophowmeter Percent __
inhibition mwas determmzd by dividing - the A.A:“o nm/m’n of the eniyme ’
preincubated with mhﬂnmr by the AAun Im‘/mm of the same nmount of enzyme
preincubated without mhxbxtor ¥ ’

i Aminopeptidase activity : .

-miqop_:p.tidua activity was z?emmined as described b‘y Pﬂeidgrer (1970), ‘
using lrlencinc-g-ﬁit‘fonnilidg (!ku—p—NA) as 8 suﬁstrpte. The - assay mixture’
_‘conhined l'l ml of 008‘ M potu‘uium phosplute buffer ka 7.0), o‘r L7 ml of 0.2
Muodmm uehu HCl buﬂer (pH 6.0), 0:2 ml of 16.6 mM Leu-p-NA nn/d 0.1 ml

-t

N l
y (ﬁsh sauce, .or ﬁltrue) The total test volume was 2'ml.

Tho lbwrbmee nt 405 nm was meuured using a Kinetic Campuset Module .
ntmhed hn the DU-8 upectmphommter The actwny was expressed as nmoles of
nlmumllde (holar extinction ccemclent ,at 405 nm = 9620) formed in 1 mm/ml 4

fish uuca L . . ' I
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Chromatograph Injector (Waters Associates). Absorbance at 214 nm was read and
T‘!wtded—by—kbsorbnuce Detector Model 441 (Wntén Associates) and Servvgor
120 Recorder (BBGGeon Metrnwsth) The retention time was recorded usmg a

Waters QA-1 Data System

4 ll.“Tonl‘.Vhble,Buberhl Count’

Al
Trypllcue soy, agar (TSA) and ‘Trypticase soy .agar wlth 10 % NaCl (TSA

‘+ NnCl) were used: lor total viable ‘counts of fresh capelin, 24-h delayed salting
fish hmd fish - salt mixtures (confrol, delayed salting' and antibiotic. treated
mixtures). Media were prepared by suspending 40 g of TSA in' either 1 L of
duulled wnter or 1 L of 10% NaCl solution, muung thoroughly and henung with
I‘requent agltsuon to the boiling temperature. After boiling for 1 min, the
solutions were distributed in 150 ml amounts in 25.0 ml Erlgnmeyver flasks,

sterilized in an autoclave at 121°C for 15 min and kepy at.4°C until used. Serial

, decimal dilution -of samples were prepared according to the pour plate method

using 0.1 % peptone solution with 10% NaCl. " Duplicates of .each dilution Jwere
incubated aemhlcn.lly at. 37°C for 48—%0:.:5 after which the number of colomes

formed were counted The results were reported according to Gilliland et al,

(1976).
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2.4.16. Sensory Evaluation
.

Fish sauces were ‘evaluated for preference by a panel of 5 Viel_xmi\ese -‘
Canndiaﬂs using a nine point hedonic scale and by ranking as deseribed by
Larmond (1977). Coded samples were presented to pnnehsu in partitioned booths

with standnrdl/zedjhtmg The ]\ldges evaluated each snmple tm}:&
\

A triangle test was used to determine wheth‘er selected samples could -be
distinguished based on the flavor. The paneiists were asked to identify the odd,
sample and state the degree of dilference between the samples.

The results were analyzed for statuhcul significance by the methods
deseribed by Lurmolti (1077). Questmnnures for hedonic scale, ranklng‘m

triangle tes'.s are shown in Appendix D-1 to D-3.

12.4.18. Rlpenlns of fish sauce g
Unaged fish sauce (kept frozen at -20"0] nnd aged ﬁsh sauce (len at
- ambient temperature for 4 and 8 months) were compared for bmwmng mlensll.y,

amino acld composition and sensory | evnlunnon

1 '
X ITo invtignu'the“»import’nnce vo! residl;lflen;yﬁxes in the ripening prot}&‘u_,
ultrafiltration of fish/sauce was done prior‘l.o uging the filtrate. Fish s£ucu i
(cont;or C-FS and squid hepnwpancren s\lpplemented SQ-FS) were ﬂlteud
through a Mllllpnre ultrnfllt ation (M.W. 10* cut off) system until 1 L ol rltute -

was obtained from 1.4 L\ fish| sauce. A portion) of each retentate (R) obtained was

heated in-a 100°C water bath for 10 min. One part of the retentate or heated

“
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retentate (HR) was added back to the filtrate (6 puﬁ), mixed, covered and left at
| ;
ambient temperature. After 4 months, the mixtures of the filtrate (F) and the

retentate (R) were analyzed for free amino acids, total amino acids, and sensory

acceptability.

2.4.17 . Use of_‘ fish sauce as a flavoring agent in kamaboko :

Frozen surimi was. obtained from_the Terra Nova Fishery Co. Ltd.,

Clnrenvdle, Newfoundi\d The surimi was left at 5"0 untll half-thawed: Salt or .

squid hepnmpsncrens sllpplemented hsh auu:e were used a5 flavf oring agents. To

inactivate residual enzymes in fish sauce, it was bo‘ﬂed for 5 min and cooled prior
to addition to the surimi. Surimi (1 kg) was.mixed with either salt (25 g), fish
sauce (100 ml) or heat-treated fish snuceTToﬁﬂi. 50 g of potato starch and 100g
of ice in a Stephan UM léi Fooﬂvﬁxe: for 3 min with a stop at 1 min intervals.

The jacketed chopping bowl was kept cool by circulation of cold water. The

dough was packed into a 4.5 cm diameter glass tube and steamed for 20 min in a

£ Rival automatic otea;ner or shaped into a b‘ll of 2.5 em and degp fsg fried until

golden brown. The steamed. fish cake was cooled in ice water, Sliced into 3 mm

thick discs and subjected to adold test (Appendix E). Both steamed an;i fried fish

o’ as described by

balls were lubjected to s’en‘sory evaluation by eight panelists (7 N. American and 1
Ghanaian), using a triangle test nnd hedonic pre[erenca

‘Larmond(lﬂﬂ) " '
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Chapter 3

Results v_.and Discussion <

3.1.,Contrib of fish/squid h )ancreas ensymes to fish

sauce fermentation
. . .
3.1.1. Squid hepatopancreas ensymes

Sqmd hepswpuncreu has been reported co aid cnpelm fish sauce

_f jon' (Raksakultha et al., 1080). The SHP-sipplemented sauce was of an

exceptional high quality. To,

test the thesis that enzymes of SHP were responsible

!‘o,r\their role as a fermentqtio} aid, the SHP enzymes were inactivated by. cooking *

the SHP at 100°C for-30 min prior to the addition to the fish-salt mixture. ‘The
proteolytic activity of cooked and uncooked Sf[P was determined using hide
powder azure substrate following the method described in 2.4.11.1. The result
showed that hentmg the SHP at 100°C for 30 min msctlvlted 09.0% of ' its
proteolync agtivity. The nctmty (M57° llm/l:-x) of SHP wnh hide powder azure

substrate ‘was 3.170 prior to heatmg und f 003.after heating. . »
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3.1.1.1. Kinetles of pH change

During fermentation, the pH of all samples dropped gradually during the

' , first 4 weeks, slightly increased during the next 2 weeks, and then remained,more

_ or less constant for the final le:v:e/lr/ﬁ ig 3-1): After aging for 6 months' the pH
of all snﬁplu were lounE .tobe below pH 8. The pH of the S}T—snpplemented

-mlxture (B) was 02 unit lower than the control (A). An mmnl declme in pH

fcllowed by‘ an increase in pH dunng fermentation has been reported by others,

The mmul acidification has bean ibitted to P lysis-and the ion of
vnlutlle and non-vt_:latlle acids (Smlthi, 1987; Orejana, 1078). The increase in pH

after one month has been attributed to the f ion of ia and amines

such as di- or trimethylmine\((jrejnna and. Liston, 1079). The increase in total

: volatlle bases was reponed until the ninth month of fermentation (Saisithi et al.,

1066) then decreased taward the twelfth month. ¢

132, Rlu of -ntolynh

M‘er one month, it was observed that lhe texture of tha‘S}[P-supplememed' 5

sample was more liquefied than the control. The SHP supplemented sample was '

" orange color with an aroma ini “ of squld b p The heat-

treated-SHP. 1! d’salted mince (C) appeared to have a finer texture than

the control but was less liquefied than sample prepared with unheated SHP. The

control and lxub-p.rented-SHP-suppleinented samples differed from ‘the SHP-

supplemented sample in that they were grey color and hnd fish_aroma.

'

€.
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6.3 ‘ - ) ' : 4

v

Figure 3-1: Changes in pH during fish sauce fermentation

Values plotted are averages of duplicate batches. go .
A = Control, B = SHP-supplemented, C = Heat-treated-! Sl{P~:nppIemented
) . .




- fermentation (6 months) and aging or ripening (6 months), al’though the increase
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3.1.1.3. Rate n‘l{proteln_ hydrolysis , N
The rates of protein hydrolysis of the fish sauce samples are shown in Fig =

3-2. Analysis of variance of the rate of protein hydrolysis (DH), expressed as mg
3 il

formol N/qnl,‘ during the fermpntntioq period indicated that DH of SHP-

* supplemented sample (E) was much higher than in conlmi'(A), (P<0.01). The

mte of protem hydrolysu was not slgmﬁcuntly affected by supplementation vmh
heab-treated SHP (P<0 05} This finding supports the’ thuu thnt SHP aided the\\/

fish sauce fermenlntlon by the virtue of its proteolyhc enzyme activity.

3.1.1.4. l'_‘ree mlno acid formation

The chmges in; mino- acid ninhydrin positive p and free

. ammo nclds during fermentation are shown in’ F|gs 33 and .3-4. According to

some researchers, the level of amino acid nmogen in fish sauce decressed when
‘.

fermentation time was prolonged (Uyenco\et al., 1953; Orejéna, 1978; Tongthai .

and Okada, 1681); however, in the I'ermentatio‘n of ci;pelinvﬁsh sance.under the .. .

conditions em;iloy. , free amino acids increased throughout the pefiod of

was slow after. the fourth week. The inc;eue‘iu free amino acids, although at a

“slower rate, might be due to the remaining active. enzymes in the fish-salt"

mixture.
. L
The major comp of | hydrin reactive sub 'in
Z, 1 e -
fish sauce are summarized in, Tdble 3-1.
' Aoe : ,

v ) ® ! ‘_vl. .
.. At an early lhgy of fe i "gon- ino acid ninhydrin positive

" — “ ‘ P
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FORMOL. NITROGEN (MG/ML)

Figure 3-2: Changes in protein hydrolysis during fish sauce
fermentgtion

Values plotted ste averages of d\lphcnte determmmons
3 ' for two lots of fish sauce ¢
Protein hydrolysis calculated as mg formol nitrogen/ml fish sauce. -

" A= Control, B.= SHP-sipplemented, C = Heat-treated-SHP-supplemented
i ~ .
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NINHYDRIN POSI'I'IV’E/'GOMPOU'_GDS (uMOLES/ML)

40;
%=
' Legend
20 . . aA
0B
L
xC
T T T T T 1
0 10 20 30 40 50 60
WEEKS 4
' E Figure 3-3: Changes in ino acid ninhyd in positive compounds
.during fish'sauce fermentation e

Values plotted are averages of duplicate batches
A = Control, B= S@-wpplemented, C = Heat-treated-SHP-supplemented

(TS (VU CINC LU, S ST O, - S |
* ¢

Compounds anilyzed were ,
urea, hioni Aulfoxlde, 3
L - ! e-amino adipic acid” ,cltr\lhne a-amino-n-butyric scid',
homocitruline, cystathionine, Tglutamyl-:—lyame,
f-aminoisob 'md“ ""md
ethmol:mine, nmmomn orm(hme ans:rme cnmosme.

Compounds with * were pre Jntr in all ssmplu R ) ’ .\
Compounds with ** was predent in sample B. e i
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-Figure 3-4: Changes in free amino acids during fish sauce ferméntation

Values plotted are averages of duplicate batches

A = Control, B = SHP-supplemented, C = Heat-treated-SHP-supplemented
L
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compoun&s' in fish sauce increased’at a'fast rate. After 8 weeks, the increased

rate declinednl After 1-year, the non-smino acid fractions of‘contwl, SHP-*

supplemented and heat-treated- SHP- ) samples were, : pectively, 23,

16 and 20% of the“total ninhydrin posmve compounds in. fish sauce samples.,
éA}\n\momn was predomlnanl in this fracnon, and nccounted for 73-77% of . lhletnl
non-amino a¢id ninhydrin“positive compdq'nds Ammomn ‘and other volatile bases
were reportéd to contribute to the ammonh~lnke aroma (Dnugnn nnd Hownrd

1975). Citruline . and. elhsnolnmme were the other mf)or components and

B ang C, respecuvg)x, "‘ ot

.

The free amino acid content of the fermentation brine incrensed rapidly

from thé start to the fourth. week. From the I‘ourth week to the end of

fermentation, it increased gradually (Fig 3-4). Stmsucal gnalysis lndlcnﬂed that -

>
-

L

- accounted for 23, 17 nnd 17% of the total non ammo acid rractmn m samples A,
-

the increase of free amino acids in SPﬂ’-suppIemgnted sauce was much'higher

* than the control as well &s the henb-trented-Sl—ﬂ’Asnpplemented samples (P<0.01).

The increase in free amino acids in control and hnnvtrenl.ed-Sl*IP-supplemented
samples was not significantly different (P<0:05). After gne year, the free amino

a4 ~ °
acid content of SHP-supplemented sauce (B) was 2.5~loldAhigher than the control

(A). ”I‘he henb-t‘reated-SHP-supplement“e‘d sauce (C) and 'the contrnl bad

approximately the same content of Ire‘i\mipo acid. The ahino acid compositiunx

ol’ i —fiéh'ssuces, after fermental lor 6 months and mrnge at nmbient 3

5
temperature for 6 monlhs, \e\ shown in Fig 3-5 and Appendlx Table 'A-1.

Cdmparison of amino ‘acid compositions between control and SHP-uu‘ppl.‘emgnud

~
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= sauce, and cgntr’ol, and henb-zreated-sm’-supprememed sauce are éhowﬁ in .T‘
4 i
. Appandxx Flp A1 and A2, rapecmely The ma)ar lree -amino acids in t\n fish

5t sauce accounted for 62- 84% -of the\htal rree amino mds The distribution of the
- mmo( <fre€ amino ac-ds is eummanzed in Table 3-2. Acxdlc an}na acid Incnon\
was foend at- highest % composn.lon (21 mole%) in the snmple prepared-with -

v 4 SHP, “compared to 16 and 17 mole% “in contml and, hen\ treu(.ed SHP-
=, 5 .
e
. : N
vt ” s 4 1 g

snpplemented slmples
3.L1.5. Qu‘nntlt‘p.tl;le changes of free amino acids during. ferme';xtltlor‘l

of fish sauce - . -

N Free ‘amino acid @positians d‘uring fermentation of fish sau;s, as mole
[;ercent, are shown in Tables 3-3 andd-')-;t "?‘h;e concentrations of free ;mino acids,
s ymoles/ml fish sauce are shown in Appenﬁix Tables A-2 and A-3. - Among the
. \\ . mujor‘ lree amino acid cbmponenls of the'cnnu‘-ol samp]e, aldnine was readily )
. Iound at a high rstm‘ ‘in the ﬁrstfday brme and the rano ol alanine to the total

free ammttﬂclds slmllnr hrough the f i The mole . iy

percentngu ‘of aspartic™ Acld leucme and lyslne mcreued greatly while those of

glu!nmlc acid and glycine only slightly mcreued The % composition of hmudlne

and nrgmme slightly decreased. Taurine was lound—;t the ]llghe!l % composmon
in the’ first-day brine (37 mole%) However, at the begmnmg, the concentration
> ‘ . of taurine in the bnne mcrened slightly, then shghtly decreased after 4 weeks of

" g fermentation. In Slﬂ’~!’upplem.en_¢gd sample, the ratio or n_)unine, ;luumie acid,
‘glycine} leicine ni:d lysine to the total free amino acids appeared to be the same

throughout the whole period of !erméntition. A grént increase was found in %
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Figure 3-5: Free amino acid concentrations of Tish sauce

. Values plotted are averages of duplicate batches.
Samples were fermented for 6 months, aged for 6 months.
N




~
‘Table 3-2: Major free amino acidd in fish ssuc‘e samples -
mole%!
Free amino - g T oeE Sample? N I
acid . v .
- A, . B o
- LR P
*Ala & .oBO 10 . J24
Asp 3 58 0.4 85 - - .
~ ht . :
Gli . 10.7 g 0 -
Gly L85 2 3 " 73
£ % . ) R
Leu . 98 o2 0.5
Lys . ez 0.4 MEURE'Y ]
pobk S : .
Val 6.4 L &1 6.2

i Values are averages of d;xphcste batches.
 Samples vire formented for 0 months, suiforo mnnthu .

A=Control; B=SHP- t-treated-SHP- !




Table 8-8: Free amino acid composiﬁan of control fish sauce during ‘
. \fernientation

- —
//"\ ’ Mole%! &
- ’ . { . o Time (weeks)
. Amindacid 40 . 4wk . 8wk 0wk 52wk
sy - . 122 129 123 I8 130 -
Arg ' 29 34 20 © 28 23,
© Asp, . - 18 . 48, ¥ ] 62 - 58
= *Cyst acid 0.2 ¥ 02 - 04.. 83 ., .03
- Cys 0 0.2 Qe - : 0.3
Gly 80 - 03 9.0 107
Gly 88" 80 88 85
His 13 12 e . 08
- HLys ‘0 o tor - 0.1 0.1 ,
HPro -~ ~ 0 - 0 0.2 o1, . 0 ‘
Tle %1 35 39 T30, . 45
v Leu 41 = 93 = 84 9.9, 9.6
Lys © 48— 83 _ 89. 95 9.7
v Met BEN 36 T 33 38 - 2.8
o Phe 16 2.6 30 | 32 34 o
" Pro | 2.2 14 18 . 14 22
Ser © 43 6.4 87 67 6.6
= o Tau- 310 123 87 ©87 .58
. Jhr 32 . 42 45 47 ¢ . 54
<o Thrp -0 03 02 01 )
= Tyr  * 12 20 . 2.1 21 2%
Val'© 42 860 64 68 6.4
L = r
-
- -
' -
;3
BN -
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*© Table 8-4. Free amino acid composition o‘f SHP-sup mentti fish
*+  sauce during fermentation” a2 4

=y Mole%!
Time (weeks) T Ry
Amino acid 1d awk | oswk.. 4k 52wk f AL
3 (
: ™ - 3
Ala “123 108 108D 109 . IR0
T A .45 34 A8 Y 34 ¥ R
Asp . wrTy 108. 98 10.1° 04" . 7
Cyst acid 02 ., o1 ¢ o1 0.1 0.1
Cys * 02 06 07 . 037 03
Glu . 115 112 114 1.5 116
- “Gly 47 47 5.1 5.5 5.5
His 118 12 w12 0.8 09
HLys: ~ 0 0 0.2 0.1 0.1
' HPro 0o [ 103 02 - o0z
: e ., . 46 €. ' 54 53 153 55.
Leu : 106 110 " 108 108 9.2
N - Lys 8.4 .88 9.1 9.2 0.4
Met 34 36 '35 34 2.4
Phe - 35 38 37 3.6 38° -
Pro 17 18 24 729 38 ‘
Ser 8.3 5.4 5.8 - 59 6.1 B
Tau 0.7 41 30 . 29 .7 21 el
h hr 49 49 5.1 53 . 6.0
Trp 05 04 0.3 0.2 .08
Y Tyr 27 10 09 0.8 08

ML Val 15 10 73 72 73
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composmon on upnrhc md nnd prolm,e -Taurine was found to decrea.se frqm.!) 7
to 2.7 mole% But the concemrnmmof fsurine mcreued shghny\durmg l-tweeks
of l‘ermentatlon then ahghtly dropped after. the fourth week The mole % ol
arglmne, huhdme and methwmns decreased shghtly

P
Lee et al. (1981 1982a) d that the taste inds in

\
urdme and anchovy were. mainly free amino acids and nucleohdes Chung ‘and

Lee (ll?#concluded that the most- i taste ds of fermented

shnmp were fre)i amino -acids such as lyslne, prohne, nlnmne, glycme, serine,
glutamic acid” md le\lcme The tnste-nchve amino ac|ds in' fermented squxd were

reported to be glutnlmc acid, nhmne, leuclne,' serine, lysine, arginine and prolme

(Lée et al., 1982b). ~All olxthese amino ncids v;ore, abundant in the fish sauce . —

upecmlly the SHP-supplemented sauce. Chayovan et aI (lO&!b) stntod that it

was moat lxkely that free ammo ;clds coutnbnted to.the taste of fish snuce 8

— 8.1.1 8. Total mlno uéld-

The concentrnmm of acid hydrolynte amino acids in fish sauce are shown
in Appendix Table A-1. The muor amino acid residues ih ﬁsh sauce are shown i in”,
Tablz.a—i. The ms;or ‘amino acid reﬂdues !n_:m acid hydrolyzates of all samples
were 1I|nme, aspartic acid, glutamic acid, glycine, leucine and lysme but the

amino acid usxduu thlt\v:counted for the pephde/pmtem fractionis were nspuhc

. uld glutamic acid; glyc e, prohne and serine. These results indicate that in the *

vlennennhcm process, -the residual peptldu in fish sauce are nchih‘ uparuc Acld

glutamic acid, glycme, prolme and serine. T e

LS .

|




. .t
. <
f .
t =
. ~ L o ‘
. Table 3-6: Major peptxd:/pmtem amino acids in fish sauce
.o e T 3
= mble%! L |
. \
. S_Amplez- o
A J . B it
. e, .
Al 65 ) - 58 80
. " Asp uz o 18
Gl 15 - 18.6 189
i Gly . 17.9 25.1 17.7
- Lys 5.9 19 8.7,
Pro 9.3 83 * 74
Ser : 62 - ,8.1 83
> s S —
1 Values are averages of duplicate batches. Peptide/protein &
amino acid was determined by subtracting free amino acids frofit
tofhl hydrolyzate amino acids.”
2 Samples were fermented for 6 months, aged for 8 months, -
- A=Control; B=SHP-supplemented; C=Heat-treated-SHP-supplemented.
o i o
\
) -y )
e .
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4 Table 3-6: Brownmg development in fish sauce prepnred with and .
wlthout SHP

> -

Absorbance, (406 nm)!

; )
___Samplé? \ - Time (Weeks) _ ’“‘\ T
2 4 8 8 12 16 ’
> I ;
. : o
" N ” T B .
A 0.50. 067 T 083 103 . Lip 143 |
. . B IRTANESY 71 211 '2.39 2,89 3.00 )
\ . C. ., . 0m 1.01 L1L ‘130 41163 165
' c 4 P i

3 1 Values are averages of duplicate bntchu .
2 A 2 Control; B —JSHP supplemented; C = Heal-treated-SHP-supplemented.

~T F Table 3-7: -Dil'[erence. in tristimulus color of fish sauce
prepared with-and without SHP

h
. - . - v
Sample! 12 k _az b? PR .
~ v
< A 34 v ss 20.3 84.4
N N——— . N “
B 188 17.8 123 76.5 -
[¢] 26.22 136 170 69.4 -

o =% S
! Samples were fermented for 6 npnths, aged for 6 months. i

A == Control; B = SHP-supplemented; C = Heat-treated-SHP-supplemented. -
2 Values are averages of duplicate batches.

Values calculated from average values, comparell to the white plate standard.



pe

- different, while that of the SHP-supplemented sample was significantly higher - -

o A Fw

_than that' of the control and the heat-treated-SHP-supplemented samples i
(P<001). - N ’
3.1.1.8. Effect of

e

SHP was iepoﬂed to be a rich source of acid pmteues. for efample,

on SHI 1 d T .

cathepsms B,D nnd E (LeBlnnc mg Gill, 1982). To test lhe conmbuhon of these -

acid iy ﬁ;h gauce ion, the ﬁsl;-snlt mixture s\upplemented with

#HP was acldlﬁed to pﬂds +The changes in pH during fermentauon\of samples
supplemented with SHP. at natural pli and at pH 4.5 are shown in Fig 3-6. 'I‘he
pH of ; snlb-mmce mixture initially udjusted to PH 4.5 ¢ showed a similar panern of,

. pH change as did'the sumple fermented at the natural pH of ‘fermﬂtmon
’
7 The rates of proteid hydrolysis dunng fermentahon of fish sauce
supplemented with SHP At pH 4.5 and 60 are shown in Flg 3-7. Acidified
 fermentation mlxhnes*(pH 4.5) contamlng-SHP exlnblml a lower rate of

nt@%mented at. naturul pH. This » ;
s and Ardeshir, 1079b; Glldberg zl al., -

hydrolysis than di(!/’SilP-supple

.result differs fmr/n'other studies

. /
1084) where ‘eridogenous ‘protéolysis is normally accelerated by ncldlﬁcahon It

apptam Lh7¥ SHP is & rich sourge of salt tolerant enzymes which are more uchve

. “ata pH éround 8 than at pH 4 5 of the fermentahoh. The pH optimum for the

hydro 4se activity of cathepsin C. from sq\nd hepatopancreas is at pH aronnd []

=
(Hafneed and Haard, 1985). ’ - _
, - ’

The free amino acids formed in the SHP-supplemented sauce fermented at St
’ KO " ’ .




E‘\glira 3-6: Ci:nnges in-pH during fe}mentaﬁon of fish sauce
R . - e
. % 'Values plotted are averages of d\lplicaﬁt_;tcliés e N

HP-suppl d, D = SHP-suppl d (pH 4.5) ~

; e i
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Figure 3-7: Changes ifi the proteéin hydrolysis during lermentltit;n of fish sauce‘ %
S R 5 &

Val . 4 G e

Values plotted are. averages of duplicate detel;n:ixintions' for

0 lots of fish sauce. -
= SHP- supplememed (pHB),D = Slﬂ’-supplemented (pH 45 .
I * = LEE I
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natural pH and at pH 4.5 are shown in Fig 3-8. The free amino acid compositions

“of 1-year gld-r‘h‘ ga‘ucu fermented at natural pH and pH 4.5 are compared in Fig

.residues, glutamic acid and upnl.ic acid, in sauce prepared with SHP at its.
nntural pH. Also, -only a trace of axgmme was fo\md in sample fermented at pH

e 45 .. g o
.

e e ’l‘he,clnnge in brown color of an acidified fermentation mixture containing

‘ SHP'is shown in, Table 38. The tri

6 monlhs agmg are shown in Table 39 zhéug’li sample prepared with SHP,

o8 T d at pH 4 d more !ree amino acids, which are precl;rsors‘ of the

= A Mmllnrdyrencuon, than control and heab-treated -SHP- supplemented samples, it

. .was Ilghter in color Ne y ic Maillard b ing reaction is generally

, : fnvored at che more alkaline Tdmons. thus the lxghter color of sauce at pH 4.5
‘may be due to the acidic environment. '

1,9, Effect of lon of squid h 3 ¥

* The, effects of concentration of SHP on the rate of protein hydrolysis and

freé amino ac.id formation during the fermentation of fish sauce are 'éh.mﬁ in Figs

3-10 and 3-1i, respectively. - The‘ changes in pH, the‘iincrense_.i_n \browning

intensity during the f atati lnd the differer in tristimul col&r Values of

.- the ﬁnuhed prodllcts are shown in TAbles 3-10, 3-11 and 3-12, respectively.

. / The: rates of “protein’ hyﬂrolysis and free amino acid formation were higher
* ‘ ‘at the higher 2 ion of SHP. istical analysis i dig d that there was

!
lmulq'olor values of the-final product: after

3-9. A notable diﬂerencg:between these samples is the higher content of acidic W
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Figure 3-8:. Free amino ncidho(mntion dnr‘ing fermentation of fish sauce

e .
Values plotted are averages of duplicate batches. =
B = SHP-supplemented (pH 8), D = SHP-supplemented (pH 4.5)
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Figure 3-9:  Free amino acid ions of SHP- I “l‘ish sauce
@ s .- fermented at different pH .
Values plotted are sven“ges of duplicate batches ’ -8
8 . Samples were fermented for 8months and aged for 6 months
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! 6. a““”"’
;l‘nble 3-8: . Browning dev:iopmenz in fish sauce prepared at natural
° pHand atpH4.5 -
b 1
Absorbance (\00 om)
Sample? Time (Wecks) ’ -
2 4 8 8 . 12 18 5
° B L 174 .o211 2.30 289 | 3.00 \
D .38 0.68 072 + 094" 123 - L7

\ !'Values are averages of duplicnte batches,
B = SHP-supplemented (pH 8); D = SHP-supplemented (pH 4.5). }

)

Table 3-9: ~ Tristimulus coler of fish sauce prepared at natural pH

- and- at pH 4.5
Sample! " a? b? E?
. %
L4 4
o T
B 18 ¢ 123 6.5
D 122 204 - “65.0

e | . .

1 Samples were fermented for 6 months, aged for 6 months.
= B = SHP-supplemented (pH 8); D = SHP-supplemented (pH 4.5).
S 2 ¥Values are averages of duplicate batches.
3 Values calculated from average values, T
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Figure 3-10: Effect of SHP concentration on protein
¢ hydrolysis during fish sauce fermentation
Y
. »
Values plotted are sveragesof duplicate determinatiors .
for two lots of fish sauce.
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Figure 3-11: Effect of SHP concentration on free amino acid formation

dllnqg fish sauce {ermentatmn

Values plotted are averages of duplicate batchés.

Legend
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+ no significant differenc in protein hydrolysis of the’samples supplemented with §
‘nud 10'}'6 w/w of .SH‘P. Protein hydrolysis in 2;5% SHP supplementation was
lower than that of 5 and 10% SHP (P(D 05). All samples exlubned the same
pattern of pH change. The absorbance at 100 nm was higher in sunples with 5
- . ond 10% SHP (Table 3-11). After 2 wuh of fermentation, Qba sample prepared’
. with 10% SHP exhibited a-very dark color. Stnﬁstical aﬁulysis indlcated tlmt the
' cy\ . }bwrbance at 400 nm of sample supplemented with 10% SHP was sm'mfcnntly
) : i hlgher than. that of 2 5 and 5% s\lpplemented sample! (P<0.01). The vnlum {for
2.5% SHP-supplemented q;n}ples were not significantly different from 5% SHP .
sﬁpplement. An informal sensory evaluation for fish sauce prepared with d;dferentv
‘concenhmons of SHP was conducted, the result showed tha‘t higher
- concentration of SHP d|d not improve the sensory score. The ssmple with 10%
SHP unpplement appeared to have a strong flavor of the hepatopnncreas.

Thert;fuii, it ‘was concluded that there is no advantage to use more than 2.5% of

o “sHp ns,‘Tferménuﬁgn\:id. - '
3.1:1=10. Sbmry luation ’
The results of sensory analyses of control, Slﬂ’-supplemenled heat;treated-

" SHP-suppl 4 SHP leménted (pH 4.5) and e ial rlsh sauce are

~ summarized in Table 3-13. A triangle test betiveen the control (A) and the squld‘
hepa&opnncrels—lupplemented (B) sauces revealed that the two ssmples were

-significantly different (P<0.001). All eight panelists could” identify the odd

» umple and all stated that they preferred: Sli!’-supplemented sauce to enntrol
sauce. . 0 :

h , ~




WLy - 5 - i

|00
E Table 3-10: Effect of SHP concentration on pH of fish sauce uring L
. t fermentation
- pH' %
Sample . LS Time (Weeks)
’ W4 8 2 - 18 ) #
. L . "
E . 25%SHP 605 - 504 608 - 603 6.0 6.03 ;
: 5% SHP  6.07 s 604 ¢ BM 594 5.4 J
- /. 0% SHP 543 ', 500 . 604 50 ° 600, 5.02

\ 3 5 Y

1Values sre-averages of duplicate batches, &

~ - i copad
; . . :
’ s 2 Table 3-11: Effect of SHP concentration on browning intensity of fish sauce
during fermentation
I " Absorbance (400 nm)!
-~ T
Sample & Time (Weeks)
2 n 8 8. 12
: 25% SHP 111, 174 21 2% 289 i
| 5% SHP' 139 , 169 , 238 253 3.03
1 = .
- 10% SHP 210 303 B S U X ¢
o i -
f ! Values are averages of duplicate bntcheg.’ g T
- ‘ . ~
J . .
’ ! - - !




p
{

\ Tl)/la 3-12 Effeet of SHP concentration $a tnsumullls color of fish s&a%e

(Hunter-Gardner quonmeter)

s o
™ ” . . ; B
. K%
Sample! L? o2 al'% E3
. .
. )
250 SHP - 188 . 1.8 v 76.5
) . ‘ - E
5% SHP |, 142 116 . 64 80.2
0%SHP 84 . 125 “ean ST

! Samples were fermented for 6 months, nged for 6 months.
2 Values are averages of dupllme batches. $ Lo .
3 Values calculated from average values. \ .

Sensory evaluation. using hedonic scale showed-that SHP-supplemented
sauce was pr.eferred to control, heab—trented-slﬂ"!upplemented and SHP-

supplemented {pH 4.5) ssuces (P<0 05). The result was confirmed by the ran)’ung

test where SHP- ‘ d sauce was signil ly ranked higher than contm],
heat-treated-SHP-suppl d AHP-supplemented (pH *4.5) -and  eommercial

sauce (P<0.05).
A b

Fish sauce prepared with SHP at pzl 4.5 got the lowest preference score ?nd
the highest total rank sum when compated to control, SHP-supplemented, heat-
!reated—Sl{P-—supplemcnted .and commercial sauce (Table 3-13), The preference

. AY

scores for control, hest-treated-SHP- 1 d and SHP-suppl (pH

4.5) were not significantly different (P<0.05), but from the ranking, the sample~




<@

®

. Sample! " Total Preferenc;_
: ~ rmank s“\lm2 K- score’
N " -~
—SHP (B) : 6a. . 83a
Commercial 11b 58b
Control (A) 18b = 53b
Heat-treated SHP (C) 170 . 53b
SHP, pH 45 (D) * 23¢ 48b

1 Lnborau;ry sampfw were fermented for 6 months, aged for 6 months.
2 Values followed by*the same letter are not significantly

differeniNE <0.05), n = % :
f’Vslues followed by the same lemv are not sngmhcuntly

different (P <0.05), n = 6. ) _




. 103 - “ o«
' prepared with SHP (pH 4.5) was _signil'lcan_tly inferior to the other xxxﬁ-pla

(P<0.05).

- o
‘To compare '.hell}lor of SHP-supplemented fish sauce, when its an}lno acid

4 -
content was adjusted to ly the same fon as control fish
sauce, SHP-supplemented fish sauce was diluted 1 to 1 with 25% NaCl solution
(Dt B?, then- subjected to trian‘gle test, ranking and prere;-ence test 9omparin?g-/

with countrol, SHP-suppIemented z;nd, commercial fish saucé’(Rufina). 3 /

The results of t.hls sensory evuluntlon are sumlqnnzed in Table 3-14. There

were sxgmﬁcant dll‘!erences between samples. B and Dil B as well as control and

Dil B (P<0.01 and 0.05, respecuvely) The panelists stated that B was prel’erred

to Dil B. From the triangle test, it was not clear whether Dil B or control samples

was more preferable (3 lpl;eferréd A, 3 preferred Dil B), but the result from

-king and preference test showed that bil B bad a lower rank sum and higher
b\—Zferenceiscore than A, although it was not statistically significant. Howe;rer,
this result may imiicatu tha‘t amino acid content alone was not responsible for the

- flavor of fish sauce since Dil B was still preferred to control fish sauce when amino

acid content of the two samples were approximately the same.

) 8.1.1.11, Coxz;pullﬂon of fish sauce ) i
The salt concenitration, pH, Biuret soluble pmtein, free amino a(id nitrogen
and total nitrogen concel ion of. the control (A), SHP-supplemeited (B), heat- -

- treatEdTHP ;¢ M’)

* snmples'nra mari;

C) .and SI{Pisupplémcnted, pH 45 (D) fish sauce

lemented

[ .
in Table 3-15. The sodium chloride content of control,

=

/

/

/

/
/
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q@/ 3-14:  Sensory evaluation score of fish sauce *
= diluted-with brine * )
s Y
)
k Sample" Free Triangle test? Total rank® Preference score®
' > 8a. vo.

pmole/ml  Correct  Incorrect

B:DI'B -  7a 2 ¥ o ?

A:DilB - gb 3 . .
)
B 520.3 5 = Ta 854
DiIE 202 : 5 15b 87 b~
A 22.1 5 -+ b . 52b
e Commercial - 41{.7 - - 18bh 48b -

P '

T T

! Laboratory samples were fermented for 6 months, aged for 1 year.
: A=Control; B=SHP- supplemented Dil B=B diluted 1:1 with 8% NlCl
R solution; Commercial=Rufina fish sauce
E: ‘2 Values followed, by a are significantly different (P<0.01),
. Values followed by b are slgmﬁcantly different (P<<0.05), n'=9.

3 Values in the same column followed by the same letter are
not significantly diffefent (P<0.05), n = 9. X |
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Table 3-16: Analyses of capelin fish sauce prepareti
with and without SHP*

Semple?  NaCP ”'mmq«@ * Fomol N Soluble® plt
d % mg/ 'ml mg/ml " protein. ",
— ’ . (mg/ ml).
e 3 s

L T i

27.20 +.35a 1394 + .4%a . 7.00+ .35a 2340+ .16 599
2700 +:18a 2385 + 50 1372+ 20 2136+ .20b 592
7735 +.46a 1282 +.50s 623415 2557+ 2 597

880 + 878 1443 + 44 980+ Ale 2076% .12 450

1 Anslyzed after 6 months fermenmnon and 6 months starage.
2 A=Control; B=S$ pplemenwd, C==Heat-treated-SHP-supplemented;
D = SHP-supplementel (pH 4.5f

3 Values_are averages of duplicate determmnhons for two lots ey

of fish sauce. . .= }

3 4 Values are averages of duplicate batches.

5 Values & in the same ¢olumn fol.lowed by the snme letter are
not ulgmﬁcnntly different, (P<0.05).
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" SHP- suppl‘emenl’ed and-— heat-treated-! SH:P-sqpplemented sauces were similar at
27%, while the salt coitent.of the aeldnﬁed sample D) was shgh'.ly hlgher u,zn% -
Snmple prepared with SHP nonlalned sbout lHold more total mtmgen and 2.0-
fold more free amino acid nitrogen th: the controL Hu/weve_r, the sample

4, suplmenied yith beat-trested SHP bas lowertotal nitrogen and fres amino acid

/} ' nitrogen ‘contem‘. tl{un the control. The Biuret proti‘m for ',nantrol, SHP-

. o 2
" _suppl d; beat-treated-SHP-suppl 4 and SHP-supplemented (pH 45) 1. .

sauce were, re!p;activp]y, 27, 14, 32 and 23% ol the total crude protein (total N x
6.25). This result indicates that the percentage of protein hydrolyzed, as ml%? .
g 5 the amouni of total crude protein recovered in the sauce, is significantly i‘ngher‘{w ’

\ .
fish sauce prepared with enZymatically active SHP at the patural pH of =

/ t fer ion, Also, acidification of SHP-suppl :d capllin mince resulted in a
greater free ﬁﬁlo acid nitrogen (1:37-fold) than in total nitrogen $1.04-fold) over
the control (Table 3-18). This observation may indicate that ncidiﬁmion

d the proteolytic nchvrty more so than the peptidase activity ol SHP

Tha nitrogen dutrlbutloua of sample A- D (control, SHP-supplemented,
¢ ted SHP-supplemented andpH 4.5 SP{P~supplen[ented) are shown in
( . Table 3-16. The formol nitrogen in samples A, B, C and D were 50, 58, 48 and
68% of the total nitrogen, respectively. Acenrd‘ing‘t‘o Rose (1918), as cited in
l’ye?uo et al. (1953), formol ﬂitrpgen in ﬁsh‘sluce should be-between 60 and 70%

“of the‘ totai nitrogen. Ammanisca‘l nitrogen in fish sauce should be less than 50% B

of the formol nitrogen. "The smmonideal nitrogen, (formol N - Tfee amino acid N),

/_in nmpleé A B, Cand D accotpted lgr 36, 35, f“ and 37% ol’ the formol

nitrogen, respectively. The free an!i;‘ﬁ acid nitrogen, (cdcﬁlnted !;OMn[r‘ee amino
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v Table 3-18: Nitrogen distribution in fish sauce saple”
Sample!  Total N2 FormolN® - Free NH;N® * Biuret N®
v - y - - {
T m . {mg/ml) (mg/ml)  Amino acid? (mg/ml) (mg/ml)
) B « (mm/n)l) o :
\ : "\ N _ ‘ :] ”
“ o g 1394+ 428 700 +.35a 448 7 258 - 4144 168
SB T o3ss4sm 18724935 804 - A8 3424200
. € 12.82 +550a 6:23 4 .15a - 3.68 (285 400+ .24
bl D 1443+ 4da 080+ .4le - B14° - 368 3324.12b
AN .
>y .

lA—Conlml B—Sl-l]’-supplememed G——Hea&-treat‘ed SHP-supplemenl,ed
D—-Slﬂ’-supplemented (pH4.5) ¥ .
2 MlcroKnldahl method. Values are averages of duplxcale detelmmamns ¥
for two lots of fish satice. Values following means are standard * h
. deviation,”
B 8 lncluded amino Mld primary and. !econdary ‘amines: Values
: are averages of duplicate determinations for two lots of fish sauce.
Values following means are standard deviation. .
4'From free amino acid analysis data. Values are averages of . . .
duplicate batches, T :
5 Formol N ¢ Amino scid N - S
N Biuret soluble.protein/6. 35. Values are averages of duphcate X & .
determinations for two lots of fish sauce. k. s o
7 Values in the same column followed by the same lener are . » o
not significantly_different (P< 0 05).. L *
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acid snalysm data), in capelin fish sauce was fannd to be 32 37 29 nnd 42% of

the total nitrogen in samples A, B, C and D, respectively. Accordmg to the :

Standards for fish sauce in Thailand, amino ac\d mlrogen in first- and second
grade fish sauce must be > 10 and 7"5 mg/ml ﬁsh sauce, respectxvely However,

estimation oI' amino geidnitrogen by the rpet-hod used in this :tnndsyd, which is

»
_ based on the difference between formaldehyde nitrogen and vummoniacnl nitmgen‘

L wanld nge somewhat hlgher value than by direct eshmutmn "ffom free amino ncld

because of the contnbutmn of peptide” o-amino groups to lorhaldehyde mtrogen

m the amino acid analyses, the Iree amino acnd mtrogen in samples A B C’

and D were 4 5, 8:9, 3.7 and B 1 mg/ml respecuvely

. Contribution of fish dlgesﬂve enzymes
To study the contnblllmn of hsh dlgestwe enzymes to lermenlnuon ol’

capelin, fish sauce was prepared from gnued nsh (GRF) and from round fish

* (RRF). The raw matenxl was, suspected to contain ted feed, whlch might cause

- belly burst. Red I’eed—capehn ls rejecteh by lhe Japanese buyers R ) S '\

From Ejg 312, analysis of varidnce indicated that the raie of protein
. From .

hydrolysls of RRF was higher thah that of GRF (P<o. 05) The hydrolyslg ol’

pratem in RRF, was also admpnred with & sample prepared {rcm fr:%‘n mshore

cnpelm, caught, in Outer Cove in 1983 these capelin were ot snspected ot -

contaifiing red:feed. A Student Mest mdlcated that the prol,em hydrolysu in

RRF was s;gmﬁcnntly hlgher than thnt of the mshore sanq)les (F<0 10),

(Appendnx an A-3). The mluble protems (Bmm) in GRF brme appeared to be

higher than t!nt of RRF alter 8 weeks (Table 3-17): 'l‘hls Is_probably dn.g to"the:
. T s : .
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Figure 3-12: éontribn’xtion of fish digestive enzyﬁa to pmte—in

N . “hydrolysis during fish sauce fermentation . -
e : | g ‘ \
o ’ « ™ Values plotted ar yar{g;:gfi%gﬁnh determinations TR N
- for'two lo‘ pffish sauce. - Lo,
2 b " RRF. nd capelin, GRF = Gutted capelin
\
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Table 3-17: Soluble protein (Biuret) in round and gutted Fed feed cnp‘)lin.

i X O = - °
. \\‘ e ’ L mgmt
. d Sample? , . # Time (Weeks)
—— . 3
' \ 8 20 24
¢ p
; : - .
RRF" | ' . 2877 23.30 21.72
GRF . T3237 » 20.36 18.58
- \ . = .
-
* Y 1 - Values are avérages of duphcate determinations for two lots of fish sauce.
o2 RRF—Round capelin; GRF=Gutted capelin

- . . £
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fact that GRF has ]u\s’eniymes &;ilydrayze the fish protein into free amino acid:
leaving the greater amounts of protein ;nd peptides to react with ’Biuret reagent.

s Ho\;éver, after 20 weeks the’ sol\uble ;roteins in RRE appeared to be higher than
in GRF (Table 3-17). This could be due to the fact that al’tgr 8 weeki the higher
proteolysis in‘lRRF resulted in the higher extractable proteins ir; the liquid. The
Biuret solublé proteins- appeared: to dgcrem when fermentation time prdgressed.
Biuret reagent reacts on the peptide bonds except for dipeptide. It'is a‘pparent’
" that the increase.in B‘iunl solul;le protein, and then the decrease are due to the
hy’drolys‘is of muscle proteins to polypeptides nng! later }iipeptigies and free amino

x . 3 - L% = ¥ . .'

Orejana and Liston (1879) reporcea thn‘during the first 40 days of fish
sauce fermerita‘tion endopeptidases were most active a‘gd“‘altpr 70 days

exopeptidases were more active. However, this conclusion was,contrary to that of -

Tongthai and Okada (1981). They stated that dur_i})g the first 3 weeks

pep were. p

d by the rapid increase of free amino.

“acids) and durlﬁg 3-20 weeks endopeptidasés were predominant. Accojding to

‘!(irschke et al (1977), some exopeptidases are able to hydrolyze protein molecull
but extensive ral;id digestion will. take place ‘only after the reaction of )
endopeptidases on the protein. Thus, in early stng;ulor fish sauce !erm;ntatim. it
was mare likely that endbpeptidaaell were nfore ncti\"evthnn exdﬁq;tidases. ’

. . > . >
In the fermentation of capélin fish sauce, digestive enzymes appeared to

ib hat to the , lysis of protein. However, when a triangle test

-~
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was gonducted to distinguish GRF and RRF, the Mult indicated that Shere was
no significant difference between the two samples. Only three out of eight
panelists could distin‘guish between the two samples. Thus, it was apparent !hal‘
enzymes associated with viscera was ‘less impt;rta'nt‘than muscle tisspe 'enz_ymes:
which play a major role in protein hydrolysis during fermentation of }:apelin fish'
sauce. )

The contnbunon of dlgestwe énzymes to fish sauce fermentahon was
studied hy Uyengo ef al. (1953) It was reported that the lmmo-mlrcgen in sauce
prepared from round fish was, about 2-fold higher than that from gutted fish..
They concluded that dig_estive enzymes were.of importance in fish sauce . ’
fermentation. Lindgren and Pleje (i083) reﬁorting on the fermenl!ltit’)n of fish. |
silage with lactic acid bacteria and found that t‘he proteolytic activi:y is usually

attributable to the enzymes associated with the gut such as pepsin at acidic pH.

Fermentation of gutted and vung\m,ed\ herring_at pH 4.4 and 5 indicated that the

gut contains proteases’ with activity at pH 4.4. However, protease activity of

guued.anzi ungutted herri pH 5 was found to' be insignificantly- different.

The. activity in gutted, as well as ungutted herring, was reported to be
a'_ttributable w cathepsins. This group of tissue protéases is known to occur at a
high level in ﬁsh (Siebert and Schmitt, 1965). A combination :ol‘ cod viscera and
wd frames liquefy at a I'uter rate than viscera or frames alone dunng preparation

of fish silage at pH 4 (Hnrd etal, 1985)

In this experiment the raw material empldyed might have affected proiein..'
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hydrolysis. Capei.n used.in this experiment was suspected. to contain red feed.
According to Hjelmeland and Raa (1980), belly burst was caused by the actigity
of proteolytic ex;zyme. However, rate of belly burst cannot. be determined bAy the
activity of proteolytic, enzymes alone. The rate of belly burst was affected by ?ﬁ?,
type of feed ingested, the condition of the conneftive tissue and the plostmorter;
pH: The. type of feed ingested influenced the rate of #¥id pmduction in the
stomach (Gjldberg and Rn, 1980) It was found that the pH of the stomach
‘conlent con;utmg mslnly of red feed (Calanun) was as low as 3.2 while the *
stomuch conteut of the fish that had mgested mainly a. sma.ll nmphelpod seafly

" (Hyperia) had néitral pH. It-was nported that the s!n,olysls of capelin was

maximized at pH around 4 (Gi‘l’dberg, 1982). The in/ﬂuence of red feed on pH of

._ the stomach was istent with the ption that capelin ining red feed

was susceptible to belly burst and apparently desirable in fish sauce fermentation.

3.2. Ofptimal conditions for fis 4: fermentation y

3.2.1. Salt :oncentntlon.

Salt has been widely used for food preservation. Salt, at high conien,trntion.
inhibits the gro‘;nh of most microorganisfns by lowering the water activity.
However, halophiles require' more than 12% of salt for growth. In fermentation of

fish, salt is required to prevent.putrefaction but when salt concentration is

d protein hydrolysi:
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3.2.1.1. Rate of protein hydrolysls

The effect of salt ion in~the fer ion brine on protein
: ~
hydrolysis is shown in Fig 3-13. The lower the salt concentration, the higher the ~ ¢
rate of protein hydrolysis. However, at 15% salt (w/w) the mixture of fish and

salt started to spoil after two weeks of i

at ambient

Beciuse of the offensive odor this sample was discarded and the data were not
presented. . Statistical analysis I;y ANOVA showed’ that the sample with 20% salt
(w/wi had highest protein hydrolysis compared to the snmple;; with 25 and 30%
salt (P<0.01). ’?h’e’ ém’nple with 25% Salt had a highe} rate of protein hydmlysis’
than the SOE% Qt‘i(l”.<0.0§}4 Salt is found to s‘uppress.the'acliviw of most’
enzymes especially pepsin (Gildberg et gl., 1984). ,

3.2.1.2. Free amino acid formation /

The effect ?-l‘ snlt. concentration in the fermentation brine on free amino acid
acéulyulstion are shown in Fig 3-14. The changes._in, amino v’scid Composiﬁo;l
during fermentation of saﬁpla prepared with 20, 25 and 30% salt are shown in
Appendix Tables A-4, A-5‘and A, respectively. At 20% salt the rate of free
‘amino acid "formntion was higher than at 25 or 30% salt (P<0.01): During

- fermentation, the % compositions of alanine, urgi;ﬂne,_cysteic acid, cysteine, and
hydroxy lysine were more <;r less constant. _The mole% of gspartic acid and
glutamic acid increased'in all samples during fermentation. The mole% of glycine
increased in samples prepared with 20 and 25% salt but r;mained tﬁe‘sslye in’

- sample prepared with-30% salt. The mole% a{ leucine, and lysine increued in

saifiples prepared with 30 > 25 > 20% salt. The mole% of methiqnine,

serine and th ine i d slightly in all ‘samplés;- Taurine was
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Figure 3-13: Effect of salt ion on protein hyd -
' during fish sauce fermentation
Values plotted are averages of duplicate determinations
. . for two lots of fish sauce. )
K = 20% salt w/w, L = 25% salt w/w, M = 30% salt w/w
" \
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Figure 3-14:  Effect of salt on free amino acid formation during fish
sauce fermentation

Values plotted ‘are’averages of duplicate batches.
K = 20% salt, L = 25% salt, M = 30% salt ™
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found st the highest concentration in the first-day brine of all samples. The %
composition of i'.isli‘dine and pgg;line slightly decreased in all samples. After 1 /\ X
yegr, sample prepared wit‘h 20% .salt (w/w) had 1.6-fold greater free amino acid?} S
content than the control (25% salt w/w). The free amino acid content in 1-year
old samples prepared with 30% salt’ (w/w) was only about half olf the control.
Free amino acids in 1-year old sample prepared with 20, 25 un:d: 30% salt were

68.6, 81.0 and 49.8% of the total hydrolyzate ay\ﬁno acids, resirectivély The free

- ! mnno acid content.of fish sauces fermented at different salt concentntms after 6
¢ months l‘erm?ncatlon phnséa months agmg is shown in Fig 3-15 and the free gnd
& Yy total amino acid contents are shown in Appendix Table A-7. The amino nmd
~  composition, as mole percent, is shown in Fig 3-18. A.Ixmne was found -at the \
highest ratio in all sumples. _Sample K i:ontained higher r;lole% of glutamic and .

lspnmc nclds than .did samples L and M It appeared that enzymic hydrolysm of
fish protem durmg fermentmon relenses these two amino acids. At lower

concentration ol salt in the fermentation mixture, the proteolytic activity was

higher than at higher salt and thz‘s shiltedsin higher free amino
acid content. However, Rose (1018) as med in Amano (1962), reported that in

the case of too low .ult fermentanon amino acid nitrogen decreased and volatile

nitrogen increased. 4 . . X \
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AMINO ACID COMPOSITION OF FISH SAUCE s =
. ] - LEGEND &
£ tonsar %
3 asar .
B W o s
|5 -
£
= AMING ACID e
.- .
Figure 3-16: Free amino acid content of-fish sauce fermented at ~d
. diﬁefent concentrations of NaCl
| - »
. Values plotted are averages of duplicate batches.
. Samples were fermente}i for 6 months, aged for 8 months. \
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EFFECT OF SALT ON ’
AMINO ACID COMPOSITION OF FISH SAUCE

LEGEND

AMINO ACID

o year an

-

of fish sauce f

Figure 3-18: Free amino acid

d at

different concentrations.of NaCl

Values plotted are Av’era%s
+* Samples were fermented for 6 months, aged for 6 months.

of duplicate batches.




3.2.1.3, Color

" ,
The effect of salt jon in the f jon mixturé on the

browning intensity of fish sauce duril}s‘{ermentstion are shown in Table 3-18.
The Hunter-Gardner color indices,of the finished pmd'llcts are shown in Table
3-19.” The lower the salt concentration, the darker the color of fish sauce (higher '
absorbance at 400 nm and lov;) L value). Since the rate of-free amino acid
formation was influenced b}»u 0 conce‘ntralion, it is possible that salt inhibits

bfowning reaction i ly by limiting fotmation of the The very

* active amino acids in browning reaction of squid muscle are lysine, proline,

methionine and taurine (Haard and Arcilla, 1985). ~

.3.2.1.4. Sensol:y evaluation
" Preference scores and NaCl content of samples prepared wit;: 20, 25 and
30% salt (w/w) after 6 months fermentation and 6 months ngmg are shown in
Table 3-20. Sample prepared wuh 20 % salt (w/w) had the hlghest prderence
score (P<0.05) probahly because of the less salty taste and higher total amino
acid a;nd glutamic acid coutent. Howeéver when this sumple ‘was kept for another
. year the color of the sample was changed fmm reddlsh brown to dark brown lnd
the aroma was offensive. The sample Wermem.ed with >25% salt had good
shelflife, even after two years storage. Thus, a salt concentration below 25% ix
not recommended. The use of a low:salt co;[cenuution in the fermentation of fish,~
sauce must l;e accom}‘)lish‘ed l{y other means e.g., lower pH, higher fermentation
e lerhpemtu‘re and use of preurvatives; The sauce prepared by fermenntion of fish
at low salt concentration (300 g/kg fish) was reported to be more preferable than

- at high salt concentration of 400 g/k@hnyovan et al,, 1983a). RS
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‘Table 3-18: Browhing developn in fish-sau fermented at dlﬂerent saIt
: concentrations

Absorbarce (400 nm)l

Sample? " Time (Weeks)
2 © 4 B \ 8 12
K o 002 145 1.62 182 .
L. . "o0s7 081 1075 1.00 118
M 037"’ 0.45 0.51 0.63 0.89
! Values are averages of duplicate batches. . L C e |

2K = 20% salt w/w, L= 25% salt w/w, M = 30% salt w/w:-

A
"
. .
Tlhle 3-10:) Effect of NaCl concentration of fish sauce i
on tnstlmulus color

Somple! ) - -
K (20% NaCl w/w) f/m 186 - 53 607"
L (25% NaCl w/w) 208 116 193 66.2
M (30% NaCl-w/w) . os | 80 23.4 ~ 50.6

! Pish sauce ntlm were fermeﬂled for 8 months and ageﬂ for-6 months.
anlles are averages ol duplicate determinations. g
8 Vn.llles calcnlated from average values, . | ; & .
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. " Table 3-20:  Sensory evaluauon of fish sauce prepared at different - o
3 . R A t concentmuon of NnCl T
- . “ . ¢ FEE
‘ : - \
'Sa.mp']e‘ e Préférence score? % NaCl® 4
) . v ) S
3 N
20% salt b 672 .y 22.9
. = ¥ . .
v 95%salt T 53b - . .. 272
30% salt . 43 303 s

L Fish sauce snmples were fermented for 6 months and nged for 6 months.
_ Values indicate percent by welght of salt added to nsh pnor °
to fermentatlon
. 2 Values l'ollo\wed by tlie same letter-, nré not slgmﬁtanﬂy dll’ferent
. e (P<O0. 05), =6
3 Values are avernges of duplicate dezermmauons for two lots of -
fish sauce.




3.2.2. Temperature-

1

¢ N
" The effect of incubation t;mperatuw on protein hydrolysis in congrol, SHP-

s\lpple;mnléd and 309 salt (w/w) samples is shown in Fig 3-17. Statistical

analyses of these data by Student t—!e’st indicated that the fish-salt mixtures (25%

) *salt W/w) incubated at 37°C (A-37) had lower protein hydrolysis thart the same -

) ;
batch of sample-incubated at ?xmbient temperature (P <0.05), but the pruzein
hydrolysu of_the sample wnh 30% snlt w/w (G-37) and lhe sample Aupplemenled
wnth SHP (B-37I were not slgm{'cnntly different from _ the sample incubated at

smbient temperature. .

Fermentation of fish sauce st high}tem’perstures has been reported to
hasten .the rate of protem hydrolysis and the accumulation of free nmmo acids.
Orejana (1978) npaned that- the level of free amino acids. observed after e

months st room temperature (23°C) can be reached in only 1 month at 37°c.

~Ham and Clague (1950) also recommended the use’ of a higher fermentlﬁén
X ;

temperatute, but temperatures higher than 46®C was not recommended because

an adverse burnt flavor occurred in the product (Orejana et anlsu).- :

The effect of e on fish sauce ferh ion as studied (Miyszawa

el al., 1079) using anchovy as raw mnterinl. After 150 days, the percentages of -
the liquefied protein were 25.3, 17.6, B 3 and 2.3 of lhe total protein at 50, 30, 10
and 2°C respectively. Free ammo md content in fish sauce prepared at 50°C was

nbO\t 45% higher than the one at 30°C. Ooshlm et al. (1981) compared the fish

at room (24°C), 37 and 50°C and reported that at

TR
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Figure 3-17:  Effect of temperature-on protein hydrolysis in fish sauce

Values plotted are averages of duplicate determinations for : s
two lots of fish sauce. :

A20 "= Control at ambient temperature, A37 = Control at 37°C -
B20 = SHP: 1 d at ambient

B37 = SHP-supplemented at 37°C .-
G20 == 30% salt st ambient temperature, G37 = 30% salt at 37°C. . -

‘
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=, 7 the beginning of the fermentation at 37°C, the ‘concentration of the amino
nitrogen and soluble nitrogen were higher than the sam)ile at room temperature -

. “but after 153 Huya the values came to be very close. The concentration of volatile

,ﬁ T base nitrogen was higher at 24°C thian at 37°C; The fish sauce fermented at 50°C

had the lowest amino nitrogen and the highest \Zglntile'nltrogen, They concluded

- that at 50°C t_he activity of the enzymes was depressed and the nitrogen contents

{ were concentrated because of the moisture loss.

/$ ;According to Gildl;lr‘g (1952) and Hegrd et al. (1982), the digestive proteases .’
from the. cold water Qpecies are relatively more active at Tow temperature .lhan_
‘_' . B those from warm water spet.’ies of fish. Also digestive ‘and intracellular enzymes 'S

T from cold water fish are inactivated at lower temperature than homol
- ) -“

enzymes from temperate or warm water tempeﬁmre (Simpson and Haard,l 1986).
Proteases 'I'rom warm water fish have a higher zsmpentu‘re Qtimum than those
‘from cold water. Activity of capelin and Indian oil sardine alkaiine protease, at.
pH 9.0, have temperature optima at 43 and 54°C, respec'.ilv:ly. Moreovér, both
p\ll:if'ied nl;k crnﬂe préparation tf éspelin were louqd to retain relatively high
activity at iow temperature (Gildberg, 1982‘)4 »Th‘e tembe}atnre optimum of
. cathepsin C from squid hepnmpnnc.rens was found to be at 40°C (Hameed and

‘ Haard, 1985). : o

\ Y
. The ferpentatiog of capelin fish sauce prepared with 25% salt (w/w) and ’ «
without SHP was found to occur at a faster rate :;t ambient temperature than at

37°C, this was spparently. due to the instability of part of the enzymes from
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capelin. at 37°C. However, when salt was increased to 30% (w/w), the activity of
enzymes involved with protein hydrolysis was suppressed lnd' there was no
significant difference between lermentation at temperatures of 20 or 37°C. It is 4
possible that parz of‘he enzymes in the fermenuuon ‘which are sensitive m >

! ; temperature- increase at 25% NaCl are machvated by .30% NaCl at both

- temperatures. 4
: L)
\ -
+ 3.2.3. pH
2 " The effect of initial ‘pH of the.f ion_mixtures (capelin:salt 4:1 w/w)

on protein hydrolysis during fem;entxti_on is shown in Fig 3-18. The highest rate
of protein hydrolysis was found in pH’ 6.0 adjusted sample. During fermentation,
the pH of all samples changed lron; the initial adjuéted PH values of 3 to 8, The
P pH of the finished broducts after fermentation for 40 weeks were 35, 40, 4.8,568," -
) 6.3 and 7.8, respectively (Appendix Table A'8). A previous study on autolysis of 4
capelin in the absence of added salt showed that acid protesses are more active
than neutral or xlklling proteases (Gildberg, 1082). Activity of capelin digestive i
"'\ - proteases on hemoglobin was also reported to be maximal at pH 4 and minimal at
-pH 5—6;‘ but on glyeoprotein extrqcted from the si.(in of capelin the optimal pH was ™
at pH 7.6 (Gildt:uarg, 1082). Two trypsin type enzymes were isolated from the gt
of capelln (Hjelmeland and Raa,’ 1982). The -activity of these two ewmt{at pH
. 8.0 was only 15% of the optxmum sctmty at pH 8-9, but Gildberg and Raa (1979),
found that digestive enzymes of capelin degraded protein in a native skin only-at
PH below 8.0; not at neutral or alkaline le. Capélin p’epsin was aIQ re'poi't;d to

be able to hydrolyze muscle protein st a significant rate even at pH-8.0 (Gildberg,
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Figure 3-18: Effect of pH on protein hydrolysis during fish sauce-fermentation

Values plotted are averages of duplicate determinations .
for two lots of fish sauce.
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EFFECT OF pH ON AVERAGE: RATE OF HYDROLYSIS
' . DURING FISH SAUCE FERMENTAT|ON

N
N

RATE OF HYDROLYSIS (SLOPE X 0.001)

3 " T T T T 1
4 5- 6 7 8
’ INITIAL pH.

Figure 3-10: Rate of protein hydrolysis at dlﬂerent pHin ﬁsh sauce
fermentation

Rate calculated from slope of plats shown in Fig 3-18

Coellicient of determination (1) for linear regression of data at
pH 3 to pH 8 were 0.9306, 0.9381, 0.9299, 0.9437, 0. 0596 and 0.9775,
’ respectively -

A
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Figure 3-20: Effect of delayed-salting on protein hydrolysis
during fish sauce fermentation =

Values plotted are averages of duplicate determinations
il for twolots of fish sauce. Number following sample code
indicates hours of delayed salting.
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’ ‘ "Total colony forming units in 24 h delayed-salting sar;Iple (DS) were vgry
high, in both TSA and TSA +10% NaCl, compared to the fresh capelin (Table
3-21). which lndlcnted the growth of salt tolerant bactena Capelin held 24 h at ‘
nmblent temperature did not I:.nve an oﬂ'enslve odor. The reason for the
insignificant difféfence in protein hydrolysis of the 8-18—‘}1 delayed-salting and’ the
contrdl may be due to the existence of a lag phase before the niicroorganism's
started to produce signilica‘nt levels of enzyihz;. It also may indicate |that
bacterial proleues are mostly inactivated by 25% s;lt and are therefore not -
|mport-nt in the fish sauce ferméntation. According to Liston (lsss?nnmber of
thy mx\oorgnnlsms lnust reach 107 be{ore ;mcrobml enzymes become sugmﬁcnl
(épiflage of fish. The total vmble counts in capelin held 24 h at umblenz
temperature dropped from >8.5 X 107 t0 5.2 X 10% after the fish was mixed with

| = salt for 1 day. After 1 week, no yable l}ﬁcroorgxnism were detected (Table 3-22).
' -~

Sudies on the microbiology of fish sauce have shown that in l!l‘:e,wlrm and

damp clim__‘te of South East Asia, where the raw material for fish sauce\‘

production might be left without réfrigernion for " a period up to 24 h before

, salting, the total viable bacterial counts can be very high. Ham and Clague (1950

reported the initial bacterial count of -fresh snchovies used for ‘fish sauce -
production in the Philippines to be 6.5’)( ioﬂ/g, compared h; the total viable _.
cuunﬁ_ol ‘the fresh capelin and the capelin held for 24 h at ambient temperature !
"~ which viere 5.3 102 and >6.5 x ;o’ CFU/g, respectively. Beddows et ai. (1976)
rep8rted ‘lh\:t delayed addition ol salt sided proteolysis in budu (Malaysian fish

sauce) fermentation. The protein conversion to soluble 1‘otein increased from
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Table 3-21: Total vigble counts in capeli;l' {CFU/g) .

TSA TSA + 10% NaCl
- " Fresh capelin 53x 102 1.0 x 10>
24 h holding at ambient - >65x 107Bst > 8.5 x 107 Est
temperature (20-25°C)
. _ :
1 Interpretation was according to Gilliland ef al. (1976).
,Est = Estimated number.
Table 3-22: Total,viable counts in fish xpucel (CFU/ml)
. & : N .
co? * AN pst -
“Fime TSA - TSA TSA  TSA TSA TSA
(d) +NaCl . +NaCl + NaCl
10% 10% \ 0%
. P .
. I . 55x10° < 10Est <10Est < 10Est 52x10° 17 x10°
7 .28x10%Est’ < 10Est <10 Est <10Est <10Est < 10Est
2 14 33x10 < 10Est <10Est < 18Est <I10Est < 10Est
~ .. 1 <10Est <10Est <10Est.< 10Est <10Est < 10BEst
T 40 <I0Est <10Est <10 Es£ < 10Est <10Est < 10Est
Th—

Est = Estimated number.
2 Control fish-salt mixture (25% salt #/w)
3 Gentamicin sulfate USP (100'mg)*was added, to 1 kg of fish
salt mixture (25% salt w/w).  _
4 Capelin was held at ambient temperature 24 bprxor to
addition of galt’ (‘25% w/w) vl

(2 lnterpretatmn was according to Gn]lﬂnnd&al (10701

s
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b - “41.7 in control to 765 and 80.7% when the raw material was held at ambient
g 55 ’ .

d

temperature for 7 and 20 h, respecti It was suggested that the p ionof

thé volatile fatty. acids, which were necessary for the development. of aroma, was *

complex and probably depended upon 8 period of bacterial action prior to salting, .

since the fish used for.commercial preparation usually would be left st ambient
- tempersture (normally above 30°C in South—Esst Asi‘P) for some hours.  The
change in free amino acid concentration during !ermehtahan onﬁ délayed-

nhﬁé'm in Appendlx Table A-9. The mmno acid composition of

‘the 24 h delayed-salting ﬁsh sauce, after le;mntatlon Iors months and agmg for 2

salting s

6 months, is shown in Fig 8‘-‘21 and Appendix Table A-10. !t was noted that this(\'

N

- N ‘ fish sg\lc‘e hgd‘lighter color than c;mol, b‘ut the fish-salt mixture itself developed
a ﬁink color. with' pleasant sroma. The iristimulus color values and the
.absorbance at 400 nm of the finished produr:t are shown in: Table 3-23. The

;sensory evaluation of the 24 h-delayed- salhng sample was not I:mproved much,

- The preference score was not significantly different from the mntrol (Table 3—24)

The dnu led to the u jon that the ibution of microbial enzymes to the
Iorma(lon of fish sauce’fwin cupelm is not a‘major factor. This conclusion is
contrary to previous‘_ reports describing the contribulion of.microorganisms to
formation of f’uh sauce from other species of fish (Saisithi, lPBT, Beddows et ql.,

: ‘=975 Beuchat, 1083).

\
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Figure 3-21: Free amino acid composition of fish sauce

Values plotted are averages of duplicate batches.
Samples were fermented for 6 months, aged for 8 months.
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- Table 3-23:
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. p .
Color indices of control and delayedMg fish sauce

1 2 2 2 3 2
Sample’ L a' . b E A0 om
‘o 3

- T 2
Control . 314 86 - 203 644 L1
24 h-delayed | <358 ¢ 108 223 - 6L8 0.77
salting * - . . 5
- Y-

Samples were fermented for 6 months, aged lor & months.
2 Values are averages of duplicate batches. '

. 3 Values calculated from averfige valugs.

8% -
Table 3-24: _Effect of delnyed-sslhlg on sensory evaluation ™
’ of fish sauce @
A :
Snmplel . i Pref eren;:e score®
~ s

Control .

24hb deluyed-sm.ug o

——

!

6.32"

5.3a

! Samples were fermented. for 6 months and nged. for 6 months\
2 Values followed by the sarii¢ letter are not slgmhcantly dl“e;ent

(P<0.05),n.=6.
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' >
3.3:2. Antibiotic

P

« To further study the contribution of viabl¥ microorganisms to proteolysis
during fish sauce fermentation, an antibiotic ‘of hmud spectrum, gentamlcm
sulfate, .was added at a concentration of 100 mg/kg hsh—snlt mixture. “The use of

antibiotic was effective.against the growth of microorganisms (Table 3-22). There

. were 1o viable cells detected in ‘antibiotic-treated-salted mince sample in both

TSA and TSA + 10% NaCl. Howev-er, the total viable counts of the untreated
sample were also Iuw Thls might be dm! to the fact that the raw material was
very fresh and lzad low total viable counts (5.3 x 10? CFU/g), even before _mixing
with salt. ' ¥ . -

The total Viable .b,acterial co\lnu‘were reported to décrease during the
éé)urse of fermentation of fish sal;ce (Ham and Clague, 1950; Guevara'et al., inn;
Orejana and L_jston, 1979). The total viable bacterial count was found to be lower
in a medium with 10% N&Cl (5.3 x 10% in TSA, 1.0 x 10 in TSA + NaCl). The
result was con‘sistent with that re;;o;ted by Orejana _xnd. Liston (1579) and
indicated that bacteria in fis‘h sauce are sa]b-tol;erant bacteria' ‘rather than

ﬁalg:philic bacteria. Crisan and Sands (1975) isolated microorganisms from four

types of fermented fish sauce and- also reported that no true*halophile was found ~

in any of the fish sauce samples. Howev‘er.» Fujii and Sakai (1984a, b, c) found

hu]ophilic bacteria in Japanese fish sauce and suggested that halophilic bacteria

were responsible for the spoilage.of shcqmru.

The rates of protein hydrolyih during fermenﬁtioﬁ of 24 b delayec{-onlging
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and antibiotic-treated sample sre shown in Fig 3-22. ANOVA of these data
showed that there was no significant difference between the control and antibiotic
treated samples. However, protein hydrolysis in the delayed-salted sample w:s
significantly highel: than in the“conlr)ol (P<0.05). The greater rate of protein
hydrolysis in,_delayed-salting a‘nmple\.cou‘lﬂ be due to the—activity of microbial
enzyme‘spro:éhore the addition-of salt. The soluble proteins in J:l“ samples

increased up to 10 weeks. After the twelfth week the drop ‘in soluble protein

conteps’was probably due to the decreased rate of protein solubilization relative

. B n
to its hydrolysis to amino acids (Table 3-25). Soluble protein content in

antibiotic-treated and control samples was not significantly different (15<0405),

_but delayed-salting sample had a higher content of soluble protein (P<0.05). The

Iinding"thnt antibiotic treatment did not significantly-alter protein hydrolysis and
protein solubilization in fish sauce indicates microorganisms do not mske a
significant contribution to the fermentation of fish sauce -made from freshly

harvested capelin.

3.4. Regression analyses
“To determint the relationship between semsory preference score and
chemical components in fish sauce, regression a;nllysis was carried out ﬁsing

SPSSX programme for multiple regression on VAX system at Memorial University -

Linear regression analyses of prefe score and free amino ,
Acld totnl amino lcld aspartic acid, ghlhmlc acid and glycine dntent are’
summmzed m Table 3-26. The relationships' between ihe pre!erence score and

the Absorbancs at 400 nm, L, a and b values are snmmamed in Table 3-27. The

: contnbuhons of free amino mld content on color are summmzed in Tal)le 3-28.

b
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Values plotted are averages of duplicate determinations
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CO = control, AN = Agtibiotic treated; DS = 24 h delayed salting
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Table 3-26: Effects of delayed salting and antibiotic on ‘Biuret
- soluble protein during fish sauce fermentation

mg/mi!

d 2 4 8 - 8 10 12 20 24

Control 1425 19.10 2040 2265 2453 2315 2337 2100 2173
Antibiotic 14.75 17:30 18.25 21.20 21.53 22.08 "2&33 21.28 19.23

Delayed 18.05 22.82 25.25._ 2645 26.42 2648 27.10 25.08 22.73
Salting - : TN

joob .
7 g \
e ‘ N
! Values are averages of duplicate determinations for two lots )

of fish sauce. Biuret soluble protein was measured as -
described in section 2.4.5 of Materials and Methods. -




. . 140

Table 3-26: Regression analysis of sensory preferente score as a function of
different amino acid fractions

Dependent Independent Correlation Coefficient
variable variable coefficient of determination
’
wm ot ® %)
- 3 " T o
- Preference Total free 0.8512 0.724
r score amino acid (1) )
) ¥
. Hydrolyzate amino©  * 0:7752 0,600
e acid (2)
@ & - .
. Aspattic acid (3) 0.770° T 0592
Glutamic acid (4) 082% - 0,687
\ 4 Glycine (5) © o812 . 0,660
Peptide amino 0.031 | 0.001 -
acid (6) 2 ! i

3,456 - 008 - 00173 (
: : "y )

! From regression anaiysis of data for 7 different samples of fish sauce.
2 The relationship s significant (P<0.05), df = 5, 1y o5 > 0.754.

3Y = 6.243 - 0.008(X;) + 0.149(X,) - 0.085(X;) - 0.020(Xg).




SN T =

141
% o R
. N
: .
. .
‘Table 3-27: Regression analysis of sensory preference score as a function of )
5 objective measurement of color
) i
Depéndent Independent * Correlation. . Coefficie
% varinblt Va‘liéy . coefficient of determination
! ®* o o
. Preferenc\e!score L(1) 07742 © 0600
- a(2) 0.799° ) 0.638
b(3) . .0852 - 0425 .
E(4) " 0736 0541
1,234 . 090112 T 0.830%
» <
r

r—

! From regression analysis of data for 7 different samples of fish sauce.
2 The relationship is significant (P<0.05), df = 5, To05 > 0.754.

3Y = 6.528: 0.080(X,) + 0.151(X,) - 0.128(X,) - 0.044(X,).

y |
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Table 3-28: Regression analysis of objective color as a function
of amino acid content
Dependent Independ: Coefficient of  Coelfficient of
_variable variable -correlation  determination
(o ) (r) ]
At el V) /Total free amino 0.7644 0.584
acid (X;) “
Active amino 010! 0.656
. - * acid? (X,) 3
» Very active T 0.749 0.561
amino acid® (X,) N
I:—Spj,- ) ) 0.631
7 X, 0.686
X, 0.631°
a(Yy) X 0.687
X, 0.756
.8 0.715
b(Y,) X 0.436
X, Bt . 0.448 .
! -0.865 0.436,_
E(Y,) : 0.700% 0.638
X, 0.8414 0.708
a X, . 0.802* 0644

. T from regression'analysis-of-data for 7 different sample of fish sauce.

% Ala, Arg, His, Lys, Met, Pro, Tau, Trp.
3 Lys, Met, Tsu.

4 Slgmf:canl correlation (P<0.05), n = 7, df = §, ry o, > 0. 754

"
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The resul's indicated that there was a positive correlation between
pierereﬁce scares and free amino acid content of the seven fish sauce samples
being analyzed (rz = 0724), Glutamic, acid concentration had a higher

correlation with prefetence score than did glyciné or aspartic acid concentration.

’ . "
Although, total peptide amino acid content (Hydrolyzate amino. acids - free amino
&

acids) alone did not show any cotrelation with preterence score, multiple

regrasslon with peptide amino acids, gllltmluc acld glycine and aspartic acid as

,mdependent variables showed a highly significant currelmon (r =0. 917)

Regression analysis to compare sensory evgluation ':core‘ and amino acid
content of enzyme-supplemented (npelin’ fish'sauce showed that total amino acid‘
content, ratio c‘)f acidic to basic amino acid residues, hydrophobicity of free amino -
acids and non-amino acid content as.the indepgndent variables appear to account

for most of —thevariations in the preference scores with a coefficient of

d inati (r”loro.'lgz' k i el al., 1986).

¥ .

The linear regression of preference Score and color measurement showed a

_significant negative correlation between preference score and L value (Iightnm),

thus the redult indicated that the sguces preferred by panelist were darker. For
redness, there was significant positive correlation between preference score and
"a" (redness) value. The result indicated that the fish sauce preferred by panelists

were reddish-brown in color. Howevér, there was no sig"niﬁcsnt correlation

between *b® value (yellowness) or *E*® (total color differénce) and preference

score.
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There was a between objecti of

browning (Agog g L and a values) and free amino acid content, especially the
¥ N

concentration of ective amino acids in the browning reactibns, alanine, arginine,

histidine, lysine, methionine, proline, taurine and tryptophan (Haard and Arcilla,

) 1085), which showed the highest correlation with the *a® (redness) v‘slue}

3.5. Amines in fish sauce \

Since there are reports on toxicological problems and since some of the fish

saudes in the experiment were prepared under the conditions that encourage the

growth of mi isms i.e. delayed-salting and lower salt concentration; it was
of .interest to determine the ¢ontent’ q‘f amines in these samples. The result of

amine analysis is shown in Table 3-20.

The delayed-salting sauce had highest level of polyamines ;vhen compared to
the other samples. Histamine was found at a very low level, (27:8 nmoles/ml 6r
3.0 pg/ml), compated to other reports on amines in foods. The/uthar aromatic
amin‘es which are reported ‘to‘beA'coxic amines® were- not follmd in any of the
samples. The level of histidine which is a precursor of histamine did not decrease.
during the fermentation ‘(Appeudix Table A-5). The bactggal count in the
delayed-salting capelin prior/to addition of salt was very hig’:ble 3-20). This
might be the reason for chbﬁigher content o(’ amines in this sample. Histamine
was reported at higher level in Cheddar cheese, 50-1300 ug/g (Voigt et al., 1074).

' Futhermore, fish paste .made from anchovy was reported to contain up to 404

* “ug/g bistamine (Fardiaz and Markakis, 1079). Besides the delayed-salting nmplel‘
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‘Table 3-20: Amines in fish sauce prepared by different methods
0 "

nmole/ml! -
Amines +  Control N SHP 20% sa]’t Delayed-salting ~
(25% salt) 24h -
o i
7 —
Ethanolamine 6600.0 - 3600.0 5800.0 7140.0
Putrescine T 1940 232@3 254.3 3273.0
‘Cadavarine 72 f6.0 26.5 2653.0
Spermidine 852 812 01.8 1120
s
Spermine - - 202 710 27.8 52.0
" Agmatine 00 00 00 _ 5260 *
Histamine 0.0 00 / 0.0 app 28%

1 Values are nverakes of duplicate analyses. Samples were

fermented for 6 months and kept in sepled jars at ambient

" temperature for 2 years.

2 Approximate value due to limit of sensltmty for

detection. -
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Vother fish sauce samples aunlyzed contained any detectahla\ ount of
histamine. The small amount found in delayed~snltmg sauce indicates that there

is potential for biologically active amine formation in fish sauce.

3.8. Partial characterization of ensymes in fish sauce
Altempts to fractionate fish sauce by ultrafiltration with the Mllllpﬂl'e
Pelllcon Tiltration u}m fitted wnth a 1000 M\W. cut-off membrane were not
) 'suceessrul._ This would appear to be' due to the high solid content of the fish fguce
4 Y (>38%) and the Ilmlted operating pressure of the filtration system. When a

10, 000 MW cut-off b was used, a i ly 70% of _the sauce was

able to pass the ﬁltrstion unit. The filtrate had a light color and mild udo‘r. The
TN retentate had' a dark color 4with strong odor, characteristic of fish sauce. The
o retenmte.and filtrate fractions were @ssayed for proteolytic .nctivity, NaCl, pH,‘
solub’le protein (Biuret), total niirogen, formol nitrogen and amino acid content.
Chemical analysis of fish sauce, retentate and filtrate are summarized in Table

3-30. .

3.8.1. Assay of protease activity

‘The assay of protease activity using both hide powder azure and azocasein

showed that there was'no activity in filtrate, moderate altivity in fish sauce and

high activity in The data indicated that ultrafiltration of fish sauce

’ was effective in removing residual proteolytic enzyme activity. The effects of L
retentate volume and time on the rate of proteolysis on hide powder azure nu/
shown in Figs 3-23 and 3-24, respectively. The effects of retentate volumg’and

g - time on hydrolysis of azocasein ?/re sbbwn in Figs 3-25 and 3-26, respectjely. It
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.

“Table 3-30: Analyses of retentate and filtrate from Millipore .
v Jultrafiltration of fish sauces prepared with and without SHP

.

- No activity

+ Relative activity, more + indicate greater achvny
3 Values are averages of 3 determinatibns.

) 4 Values are averages of duplicate determinations.
‘Total amino acids determined after the samples were hydrolysed
with 8 N HCI at 110°C for 24 h.

= Sample! Protease? NaCl3 pHa Soluble® Total® Form013 Free‘ Total4
R - acuvnt,y A « protein N ?
mg/ml mg/ml mg/ml umoles/ml umoles/ml
(Biuret)
- .
C-F$ + 27.48 6.13 2580 879 ., 475 = 218.72 1ofar
C-F - 24.23 6.16 7.00 8.65 4.13 216.93 4290.80
CR ep 24.47 6.16 3840 10.38 4.59 223.22 750.14
. SQ-Fs +++ 27.04 599 1853 16.28 0.72 488.26 721.22
) SQ-F - 23.45 6.03 13.27 1470 855 449.22 697.71
\\ +  SQR ++++ 2294  6.03 21.20 16.28 881 457.50 856.07
¥ C=Control; SQ=SHP- 1 F.—-Filtnte; R=R. «
. " FS=Fish sauce. - -
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Figure 3-23: Effect of retentate volume on the rate of
proteolysis on hide powder azure substrate

Values plotted are averages of duplicate analyses.

Fish sauce was concentrated 3.5-fold by a Millipore ultrafiltration
unit with Pellicon cassette system M.W. cut off 10000.
Assay was at pH 6.0, incubation time % h at 30°C.
SQ-R=SHP-supplemented retentate; C-R=Control retentate.
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Flgura; 3-24: Effect of time on the rate of proteolysis on
) hide powder azure substrate : .

Values plottgd are averages of d\lphcate nnalyses
The assay mixture contsined 5 mg hide powder azure, 0.2'ml of fish sauée -
retentate and 1.8, ml of buﬂsr pH 8.0. Incubation gjme was 1-5 h'at 30°C.

. Slope for retentate prepared with SHP (SQ-R)=0.112, r’=0.9057
Slope for retentate prepared without SHP (C-R)==0.020, r'
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Figure 3-26: Ei‘lect of time'on the rate of proteolysis on azocasein -
substrate
Values plotted are averages of dl.(plicnle analyses. .
The assay mixture contained 0.1 ml of fish|sauce retentate, 1.0 ml of
1.5% azocasein and 0.9 ml of sodium ncet:uxl{cl bulfer pH 6.0,
' incabation time 5 h at 80°C.
. Slope for rétentate prepared with SHP (SQ-R)=0.048, r?=0.0087,
Slope for retentate prepared without SHP (C-R)=0.016, r2=0.0099
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appeared from Fig 3-23 that, the activity of the proteolytic enzymes in fish sauce
increased to a certain level when lh’e volume of the fish sauce reteQme was
umeased after that the enzyme activity decremd indicating that there might
hnve been some inhibitors present in the fish sauce. The decrease in the activity *
at higher volume of retentate was not/caused by salt in the sample since the NaCl
content of all samples were mormalized at 25%. Orejlnl and Liston (1082—)
suggested that limited pmteolﬁis in fish sauce fermentation was pmba‘bly due to
the presence of a.naturally occurring trypsin inhibitor in the blood of fish and ‘the
end. products of p‘roteolysis i.e. amino, ncids and small peptides. The e’x@rnct of
/ internal organs of squid Loligo vulgaris contamed protease mlubltor which
inhibited proteolytic enzymes of different speclﬁnlty (Tschesche and Rn:kel,
1073)._ Both aqueous and acidic extracts of the mmnnl organs showed inhibitory
N nctivity'ngainst the prgteolytic activity of tr;’ps'm and chymotrypsin.. The
inhibitory effect found in the SHP-supplemented retentate might be due to an

endogenous inhibitor present in the squid hepatopancreas tissue.

3.8.2. Effect of pH on protease letlvlq\‘.

The residual protease activity of control and SHP fish sauce retentate was
found to be. maximum at pH 4, when NaCl from fish sauce retentate accounted '
for approximately 0.2 M in the assay mixture (Fig 3-27). The presence of 4 M
NaCl in the assay mixture shifted the pH optimum from pH 4 to pH 6 (Fig 3-28).
The. effect of salt on p‘H optimum was confirmed when higher concent_ntion of
retentate (1.0 ml) was. used in the assay mixture (3 ml) which increased the NaCl

concentration to 1.5 M. The pH optimum was found to be st pH 5 in both SQ-R
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Figure 3-27: Effect of pH on protease activity of fish sauce
* ‘retentate on azocasein substrate

Values plotted are averages of duplicate analyses. .
Sodium acetate-HCl buffer pH 8.0 was replaced by
citric acid-phosphate buffer pH 2.2-8.0 (Mcllvaine, 1921).
NaCl concentration in the assay was 0.2 M
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and C-R (Fig 3-28). This result was consistent with the results in section 3.2.3, >
where the pH optimum for fish sauce fermentation was found to be at initial pﬁ
of 6.0. The maximal nchvny st pH 4 in the presence of low concentmuon of salt
was conslstent with a prevmus report (Gildberg, 1982) that cnpelm _proteases
exhibited maximal activity on hemoglobin at pH 4.0. It was also reported that
salt inhibits protease activity, especially the activity of pepsin at low pH (Gild‘herg

g el al, 1084). The shift in optimum pH might.be due to the fact that salt
suppressed those enzymes which are most active at pH 4 or n may be a direct
effect of salt on enzyme substrate interaction cnusmg a shm. in pH optimum of

certain enzyme(s). /‘ =,

\

3.6.3. Effect of NaCl on?protem :ctlviey ¥ '

,:I‘he effect of salt on protease activity_ of the retentate fraction from: flsvh

sauce prepared with SHP (SQ-R) at pH 5 and 6 is shown in Fig 3-20. At pH 5.0,

the "activities of enzymes (DSQ-R) with the addition of salt to give final

- concentrations of 1, 2, 3 and 4 M (5.8, 11.7, 17.5 and 23.4%) were‘sﬁ, 23, 12 and
5% of control (with no salt added), respectively. At pH 8.0 the utivitit;s were 74,

- 42, 23 and 13% of control, respectively. When salt was not ‘ndded, the ncti;l‘nly
was higher at pH 5. The activity at pH ﬂ was higher with the addition of salt.

Salt may inhibit the activity of certain enzymes, e.g. pepsin, at pH 4 more than

others. Salt may also shift pH opti ofa given reaction from
4 to 8. The enzyme activity was n)bre affected by NaCl at pH 5 than at pH 6.0,
. . It can be seen that’ at 234% snlt the proléﬂse activity was markedly inhibited. ~

This probably explains why Iermenutxon of fish sauce requires a very ‘long time
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Effect of silt\ on pH optimum of protease activity on azocasein

o

Flgnﬁ 3-28:

Values plotted are averages of duplicate analyses.

Salt was added to give the final of 4M in the assap-buffer.
The conditions of the assay were the same as in Fig 3-27.

4 Aggg o/h-ml for retentate prepared with SHP (SQ-R)
at pH 4 without added salt = 0.761
4 Agge /h-ml for retentate prepared without S{IP (C-R)
at-pH 4 without salt =0.401 \\
Ve )
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since the NaCl content in fish ssuce may be as high as 30% (w/v). At the
beginning of’ the fermentation of capelin fish sauce, the pH of the fish-salt#mixture

was close to pH 6 and this is near the optimum for the fermentation.

3.8.4. Effect of Inhlblwr‘u on protease activity of fish sauce .

Various mmponn’_ds known to inhibit specific groups of proteases were
employed. Ethylene diamine tetra acetic acid (EDTA) inhibits metalloprotease
activity. Soybean trypsin inhibitor (SBTI) inhibits serine proteases. lodoacetate,

mercuric”chlrjr’ide and PCMB inhibit snil’hydryl proteases.  Results of the

inhibition study are summarized in Table"3-31. In the presence of 4M NaCI'

alone, the aﬁtivity of control (no inhibitor) was reduced by 86 and 12% in C-R
and SQ-R, réspmivv;l.y,: The inhibitién by EDTA, SBTI, PCMB, iodoucemé, and
HgCl2 at the concentration used in the study, at l(;w salt concentration, were 5,
29, 30, 8, and 21% for SQ-R; and 7,24, 31, 8 and 19% for C-R, respectively. In
the presence of a mixture of all three groups of inhibitors, the islliibition was
found to be more than 50% at low NaCl in the re;ction mixture. It was aI;o
fopnd that at a higher concentration of SBTI (0.25 mg in the assay mixture), the
inhibition was only 35%. At 'I:iigher concentration of. EDTA (4 mM) in the assay
mixture, thg_ proteoiytic activity increased. It was apparent that the residual
enzyme éctivity in the presence of NaCl was not sensitive to inhibitors other than

those of sulfhydryl proteases. =

The h of marine i

was reported II contain high
collagenolytic activity. Nip et al. (1985) characterized s collage dly_tic enzyme

from the hep s of fresh prawn, Coll

tic protease from
'
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Fi;ure 3-20: El'l'ect of salt on the protease activity of fish sauce
retentate

Values plotted are averages of duplicate analyses
e Assay was carried out in 1.0 ml of 0.2 M sodium acetate-HCl buffer
(pHS and 6), 1.0 m! dialyzed retentate prepared with SHP (DSQ-R),
‘and 1.0 ml of 2% azocasein substrate.
24 5 AAge, /b=l at pH § without NaCl = 0.237
8Agg I""_/h-ml at pH 6 without NaCl = 0.191
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* Table 3-31: Effect of inhibitprs on protease activity of fish sauce

4 si% v bl
Activity (% Control)!

. "SQR CR*
Inhibitor ~ Conc. inssay 02M NaCl 4 MNaCl 02M NiCl 4MNaCl —
mM .
! S g . ; _
Coitrol - 100 100 - 109 100
EDTA .10 95 217 93 180 '
4.0 115 o 120 188
SBTI 0.05mg 71 152 76 138
k 0.25mg 65 0% 73 i1
PCMB, 1.0 70 % s 89 84
Todoacetic 10 ©oe2 18 e 108
acid 0
HgCl, - 0.15 79 80 81 105
Mixtlre® - 16 101 12 .o
2 \

! Values are averages of duplicate analyses.
Assay was at pH 6.0 on 0.75%-azocasein substrate, with 0.1 ml
retentate, st 30°C. Activity without inhibitor of .SQ-R and
C-R Was inhibited by NaClat 7.2 and 869, respectively.
A:;u nmo for SQ-R snd C-Rin the presence of 0.2 M NaCl were
0.276 and 0.110, respectively.

2 Mixture contsined 0.1 ml of SBTI, PCMB and EDTA to gives
final concentration of inHibitor in the assay mixture of 0.05 mg
SBTI and 1.0 mM of PCMB and 1.0 mM of EDTA.
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) hepatopancreas of fiddler cr.ab was found to be different from other animal
collagenases, in which its activity was not inhibited by EDTA, cysteine and o-
phenanthroline and it is activated by HgCl, (Grant et al, 1981). Cathepsin C
bydrolase activity from squid hepatopaucreas was slightly increased in‘the
presence o; EDTA but completely inhibited by HgCIz, PCMB and‘ig(;oacetic acid —
(Hsmeed and Haard, 1985). Inl;rplet’ation of the inhibition study with fish sauce

relentate is “complicated, since it is~a mixture of several enzymes and it is

apparent that there are natural inhibitor(s) present in fish sauce.* It is possible

.
that the marked activation of protease activity at high salt concentration in the . \\

assay is due to interaction of EDTA or SBTI with naturally ocurring inhibitors,

eg. peptides I‘ormed during I’ermenmlon. _i ) ! ‘

3.8.6. Cathepsin C tetlvlty
' 8.8.5.1. Hydrolase l‘ctlvlty ' 3
Gly-Arg-MNA was reported to be a specific substrate for hydmlas% aumty
of cnthepsm C (Hameed and Haard, 1985) and both SQ-R and CR hydrolyzed I
Gly-Arg-MNA substrate. Fig 3-30 shows the hydrolage activity as a fuiiction of
time. ‘The finding of higher activity in SQ‘-R (2.8-fold), than in C-R is consistent
with the previous report that SHP is- a rich source of cathepsin C. Hydrofase
activity of cathepsin C uo]nted from SHP is CI~ deptndent and the optimum pH is

st pH 5.6 (Hameed and Haard, 1085)
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Figure 3-30: Effects of time on cathepslu C hydrolasg activity of fish sauce
retentate J

“Values' plotted are averages of duplicate anslyses. Assay Wwas at pH 60
with 0.1 ml fish sauce retentate on Gly-Arg-MNA substrate

Slope for retentate prepared with SHP (SQ-R)=0.040, r ?-0.0949
Slope' for retentate prepared without SHP (C-R)=0.0186, 1=0.9999




. to:.NsCl thao were C-R. It also appeared that cathepsin C activity is more Salt
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.2. Transferase activity

- .~ F
Both SQ-R and C-R showed transferase activity with the cathepsin C

specific substrate, Gly-PheNH, (Fig 3-31). The activity of SQ-R was found to be
about 7-fold greater than the activity of C-R. Transferase activity of cathepsin C
isolated from squid hepatopancress was reported to be dependent.on CI', the .

maximal activity was found at pH 7 (Hameed and Haard, 1885).

3.6.6.3. Effect of NaCl on hydrqlase activity s W P

Addition of NaCl to thevmsy mixture to provide the ;oncentmtions of ,,
1040 MM increased the bydrolase actlyity of the dialyzed ‘retentate (against
dmlllud waur for 72 h at 4°C, 'wnh ‘external soluuou chnnged every 24 h) to
112% ol' the conlml (Tuble 3-32] The reslll'.s were conslstent with' prevlous':
TFeport (Hameed ‘and Ha.ard, 1085) that hydrolaSe activity of cathepsin C required ',
Cl|]. At a liigher concentration-of salt (20%) in the assay mixture, the activities

i noo-dialyzed SQ-R and C-R reduced to 66% and 40%, respectively (Fig 3-32).

"1t was apparent that 5Q-Rontained residual enzymes which were more tolerant

‘tolerant than the total proteolytic activity in fish sauce.. - °*

Y . ’ P o B
3.05.4. Inbibjtlon'stridley 'y :

The. results- for inhibition’ of cathepsin C hydrol ‘uctivi!y of the fish ssuce : -

retentate are summarized in Table 3-33.
HgCl, . ” ’ ; . wE o "

At the conentration'of 0.1 mM of HgCly in the asssy mixture, the sctivity
' . « : 72
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Figure 3-31: Time course of transferase activity of fish sauce retentate
o . " - ¢ ' -

Values plotted are averages of duplicate-analyses.
g w2 4 . Assay was at pH 6.8 with 0.1 ml fish sayce retentate
T, e » on Gly-Phe-NH,
Slope for relentate prepared with SHP (SQ-R)=0.007, 209844
, Slope for rezenme prepared. without SHP (C-R)=0.001, r 00&5
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Table 8-82: Effect of NaCl on cathepsin C hydrolase activity in the
retentate fraction of fish sauces prepsred with and without SHP

Relative activity! s

NaCl (mM) SQ-R? CR?
' i 1
o o 100 100
10 338 108
&
20 112 110
o 3 - nz . 110
T ® . .
40 e : " 110 112
e - T
1 Values are averages o( dupllute nnalysu E
Assay was at pH 8 with 0.1 ml retentate on Gly-Phe-NA substrate.
% . Mercaptoethanolamine-HC! was replaced by mercaptoethanol. s
.o Enzyma solutions were dialyzed against distilled water for 72 b
s P at 4°C, with external solution changed every 24 h before
v . used in the assay.
M AAg40 o foF llulyud SQ-R at 0 mM NaCl = 0022

N T 8540 ym 10 dilyzed C-R st 0 mM NaCl= 0.007 )
. ] ’sqn—sm’ 1 d c-n=cmxo|
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Figure 3-32: Effect of NaCl on cathepsin C hydrolase activity

Values plotted are averages,of duplicate analyses:
Assay was at pH 6.0 with 0.1 ml retenthte on GIy—Arg;MNA
4 Ay opp/min with 0% salt were 0.041 and ?‘.016 -
for S’Q-R and C-R, respectlve!y.
.l
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¢ Table3-33: Effect of inhibi c activity
. in the retentate frutlon of fish snllce prepared with
5 . . and without SHP
Inhibitor cone (mM) : % Relative activity!
. .
SQ-R CR’
None - 100 100
HgCl, 01 91 . %8
i . )
lodoacetic acid 1 12 38
PCMB e 1 : s . - 3
SBTI 0.02 mg 2 13
J .

1 anlles are averages of duphcate annlyses
Fish sauce retentate was bated with inhibitors for 30 minutes .
prior to assay at pH 6.0 with 0.1 ml fish sauce retentate on Gly-Arg-MNA
substrate. NaCl concentration in the assay mixture was 0.15 M. . i
8Ag40 o for SQ-R without inhibitor = 0.045 - w
4Az0 o for C-R without inhibitor = 0.018 ) " ‘
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" enzyme, HgCl, might react with other
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on Gly-Arg-MNA was inhibited by 8 and 4% for SQ-R and C-R, respectively.
However, when the ;oncentration of iliclz was increased to'l mM, it was found

that the Ag,o - incressed to 145 and '280% of the control for SQ-R and C-R,

. . o A\ "
- respectively. Mercurlc chloride was reported to inactivate the activity of purified

cathepsin C, however, in fish sauce retentate which might/contain more than one

d sohibi

p eg,
the retentate and no longer available as an .inhibitor, also, impurities in the

retentate fraction may react with HgCl, more rapidly than with cathepsin C.

Iodoacetic acld ’ R o }

. For SQ-R, at 1 mM concentration of iodoacetic acid, the activity of enzyme
was inhibited by 88% but when the concentration was increased to 2 mM the
inhibition was only 83%.” A similar pattern of inhibition was observed with C-h,
‘at 1 mM, the activity was inhibited by 82% and at 2 mM the inhibition was only.

36%.

PCMB

Affer 30 min preincubation of retentate with 1 mM PCMB, the activity for

SQ-R was inhibited by approximately 54% and fot C-R the activity was-inhibited

T
Soybean cryp-ln—lnhlblt‘or el J ‘.

by 67% of the control.

T
T A t
Soybean trypsin inhibitor at thé concentration of 0.025 mg in the assay

mich‘lncremd the ullvl!}/' of SQ-R and C-R to 120 and 113%, respectively.
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h

Th; ability of fish sauce ° to hydrolyze a C specific

b end its inhibition by thiol inhibitors is consistent with the

that fish sauce retentate contains caihepsin C. At high concentration of NaCl
" (20%) in the nss‘ny mixture, the maximum inhibition of hydrolase activity in SQ-K
was found to be only 44%, but thé proceue activity on azocasein was found to be
inthibited by 72% in tz\presence of4M NaCl C~R appeared to be less mlerant .
to high salt. The hydrolase gc_tivity was inhibited by 54%-and the protease
n;livity was inhii)ited by 86%. The cathepsil} C activity was higher in SQ-R than
C-R: Rosario and Maldo (1984)\ reported .Em catheptic activity in fish Esl;ce
" fermentation. It was found that i’kﬁsh sauce prepared from fresh fish, cathepsin
D activity was gnm‘er ofaxi from stale fish. Cathepsin D activity decreased, w‘hen
the ‘amount of high r;mlecular weight protéin. which served as substrate for the
enzyme, decreased. .Cathepsin A and C were found to play an important role in

proteolysis during’ patis [ i Both cathepsin A and C activities were

4

- 5
found in the brine after 4 months’ ion at relatively high rates p
to cnthepsm B nctmty Activity of cathepsin A had a posmve correluuon With _

amino mtmgen in the bnne while cathepsm C activity hadgaipositive correlation

v

- Aminopeptidases isolated from viscera of surdin’u were reported to be stable

with TCA solublé protein.

3.6.5.5. Aminopeptidase activity .

in’ the presence of 16% NaCl (Vo Vgn et al., 1983). Aminopeptidase activity was
also found in fish sauce (Wﬁn et al.,%084). An}lysis of aminopeptidases in fish
sauce retentate at pH 7 showed that the activity oFSQ-R was about*90% that of

C-R on Leu-NA substrate. The effect of NaCl on aminopeptidase activity is

P
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]
shown in Table 3-34. Aminopeptidase, like catl;epsin C, appears to be a fairly salt

tolerant -enzyme.

3.8.6. S}eneﬁnl discussion on prptease activity -
The protease activities of fish sauce retentate and ﬂ;h sauce prepared with ¢
and ‘witho\lt Si-[P su_;pl\exﬁeptnion are summarized in Tables 3-35 and 3-36,
respecti_vely; General proteolytic activity with azocasein as substrate were 3.0-
and 2.8-fold more active i SHP-supplemented rete‘nlale (SQ-R) and SHP-
- supplemented fish sauce (SQ-FS) than in control retentate (C-R) and control fish-
sauce (C-FS), respectively. The rate of protein hydrolysis during the first 4 weeks
of fermentation, measured as mg formol nitrogen/ml fish sence, indicated that
protein hydrolysis in Sl—ﬂ’-supplen"nenled sauce was 4-f0|c\ the activity in the
control_(Fig 3-2, from 0-4'weeks, slope for control—-o 83 % 09882; slope for
SHP-supplemented sample=3.35, r 20, 9732) Aner 4 weeks, the mj‘e of protein
hydrolysis was at a slower rate than the initial rnte; this may be due to end
product inhibition and/or depletion of proteie _and peptides which served as

substrate fonthe énzymes.
-~

The rate of in hydrolysi ‘by..fislx sailce retentate prepared with or
without. SHP was greutest at pH 4 in’ the presence of low concentrnﬁ?n of NaCl
(Fig 3-27). This was consisteht with provious studics of capelin sutolysis !
(Gildberg, 1982) or SHP hydmlym (Hameed 1084) which showed that acidic

protep*s are more active thnn ne\nral or alkaline proteues ‘The proteolytic

enzymes identified in’ the of mez illeceb H nnmely

B, DV lﬁ E by LeBlanc and Gill (1082), are acid protease, which nm E




169

‘Table 3-84; Effect of NaCl on smmopepudase activity in the .
retentate fraction of fish nuces prepnred with and wntlmut SHP

ya s 6y
1 ) " i 1
; (// . Relative activity”
NI SQRY . cR?
d - - 100 s, 2 100
5 v =8 g 2
10 7 "
15 84 59
20 % 56 ax !

25 35 40

1 Values are averages of duphcat: analyses. -
4 A g5 o/ min 8t 0% salt for SQ-R and C-R were 0.140 and
0.150, respectively.
2 Fish sauce was concentrated: 3.5-fold by a Millipore ultrafiltration unit. .
Assay was at pH 7 on Leu-NA with 0.1 ml fish sauce retentate at 30°C.
SQ-R = SHP-supplemented retentate; C-R = Control retentate.
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Table 3-35:
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4

Protease activity of the retentate fraction of fish

sauces prepared with and without SHP

Substrate SQ-R C-R T sQ/C
Hide powder azure 0.617 0.118 5.2
(8Ag75 o m/b-ml) »
Azocasein 0.480 0.180 3.0 .
(4Ag46 5/ boml) c
Hydrolase O 71022 200.37 24 °
(Unit/ml) . 3 v -
(nmoles 2-naphthylam|ne Yormed/mm-ml) A
Transferase 13051 19.93 7.0
(unit/ml)
(umiolés«dipeptide hydroxamate formed/min-ml) [
Aminopeptidase 145.1 155.5 0.9
(upit/ml)
(umoles p-anilide !orrned/mm-ml) &

! o
' .

Values are averages of duplicaté mnlyses

Enzyme solution was concentrjted 3.5-fold by a Mllllpore ultrafiltration

unit, with poly sulfone menibrane cassette, M.W. cut off 104,
Assays were carried out at pH 8 except for transferase at pH 6.8,

and for aminopeptidase at pH 7.

SQ-R=SHP-supplemented retentate; C-R-—Control retentnte
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Table 3-36: é)lease activity of fish sauces prepared with and
without SHP
~

. < =
Substrate SQ-FS 5 C-FS sQ/C

Hide powder azure 0.50 0.011 4.5
(48570 gra/oml)
Azocasein 0.218 0.077 2.8
(AAz44 o /b-ml) . "~
Hydrolase 78.65 N 30.89 2 2.0
(Unit/ml)
(nmoles 2-nsphtbylnbine formed /min-ml)
Traﬁsferme 54.66 14.00 39
(unit/ml)
(umoles dipeptide hyd formed/min-ml)
Aminopeptidase 13.10 16.00 .. o8
(unit/ml.min)

(smoles p-anilide formed/min‘ml) ~

Valuu are averages of dupllcata lnalyaes .
Assays were carried out at pH 6 axcept for transferase actmty ate| pH 6 s,
and aminopeptidase at. pH 705

C-FS=Control fish sauce; SQ—FS—SHP—supplemeMed ‘fish sauce.

Fish sauce was at liltrmol;vstngz, after fermentation for 8 months.
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most active at pH 3-4. However, acidification of SHP:supplemented salted mince
resulted in a lesser degree of proteih hydrolysis and free amino acid content when
compared to the sample fermented at tl;e natural fermentation. pH. On the basis
of the results obtained, the acid protesses appear to be of lesser importance in fish
sauce fermenmuon than proteases utwe near neutral pH. It is also posslble that
the-pH optimum ot these enzymes is shifted to pH 5-6 by high salt. Huwever. since
high salt inhibits much of the enzymic activity in fish sauce, it is reasonable to

conclude that these acid proteases are inhibited by salt.

In the.presence of 4M salt it found that the pH optimum of the résidual

enzyme activity was at pHh5-8. It ears,_ that the neutral proteases are M'I/'JE

stable than 'gc.id P in the high 3 atration of TCl present in the fish

sauce brine. This result was consistent with the rate of protein hydrolysis during

“fermentation which was highest at the initial fermentation pH of 6.

Hydrolysis of hide powder azure was 5-fold greater with retentate prepared
with SHP than it was in the control retentate. The hepatopancreas of marine
invertebrates appear to be a rich source of collagenolytic activity (Eisen et al.,

0

1973; Grant et al., 1981; Nip et al., 1985). The results of free amino acid analyses

of control and SHP-suppleménted sauces indicated that after 8 weeks

fermentation, there was o‘nly a trace of hydroxyproline®(the major amino acid in
conective tissue) in the control fish sauce and it remained more or less constant.
In SHP-sIlpplemented sauce, the concentration’ of hydroxyprullne after 8 wealu

was approximatély 900 nmoles/ml and increased to about 1,000 nmoles/ml M 20
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v?ks. The results indicate a higher collagenolytic activity in fish sauce

supplemented with SHP than in the control.

_The results of the inhibition studies indicated that there were more than one .
group of proteolytic enzymes in fish sauce. The proteolytic activity was inhibited

by EDTA, PCMB aﬁyhem trypsin inhibitor, which indicated the activity of

sulfhydryl and serine p Y However, on the basis
s

of the activity expi d with high ion of NaCl, it was found that
activity with a cathepsin C specific substrate was more tolerant to salt than that
with-protein substrate. Cathepsin C is a salt tolerant, ‘neutral protease previously
identified in SHP (Hameed and Haar’d, 1985) Cathepsin C is reported to
contribute to the formation of end products with a positive effect on sensory
quality of fermented squid (Lee et al., 1982b). Also in high salt concentration, the
only effective inhibitors of general proteolytic activity were those for sulthydryl

proteases.

It is apparent tha{cathapsin C and other sulfhydryl proteases are the major

~ proteolytic enzymo_; which remain active during the later stage of fer{nentatian of
fish sauce, especially in SHP-supplemented sauce. It is also apparent that the'
assay of enzyme activity in fish sauce or its retentate is quite complex die to the
anomalous behavior of the system with respect to assay at a high concentration{of
retentate or the response of the system to a high concentration of  inhibitors

(EDTA, SBTFétc.). : .
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3.7. Aging or ripening‘ studies
Aging or ripening is the process employed after fish sauce is recovered from
the fermentation tank. The pocess: involves é}posing the sauce to th; sunlight
for a period of 1-4 monthL. I;Saisit_hi (1983) stated that during the ripening period
volatile compounds sl_xch-a's ammonia are liberated and.the flavor is 'improved.
Sedimentation also occml;z at this time making the siuce remaip clear after
bottling. Browning rencLLns occu‘: during this stage as well. In South East Asia,
the temperature of fish salce when exposed to the sun can be > 40°C. Such high

temperatures are known t

! the y mati ing réaction (Begk,

1976). Orejana (1978) reporting on the effect of aging of patis and showed there
) 1

was a\slight decrease in soluble protein and amino acid content with a

cor ing increase in ing. Aging is also claimed to improve the flavor

of patis.

After 4 months, the unaged (frozen at -20°C) and n;ed fish sauce were not
significantly different in amino acid composition (Fig 3-33 , Tables A-11 and A-12)
or in sensory evaluation (Preference and triangle test), (Table 3-37). The
tristimulus color measured by a Hunter-Gardner Colorimeter did not show any
significant change (Table 3-38) although there was a trend toward darkening after

aging. i

It could be concluded that usder the aging conditions employed in this
study, 4-months storage did not have significant effect on the quality of fish sauce. ’

However, the aging process which had been carried out was different from the
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AMINO ACID COMPOSITION (umole/mi) IN

UNAGED AND AGED CAPELIN FISH SAUCE (CONTROL)

cromatessmi
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Values plotted are averages of duplicate analyses.
Samples were fermented for 6 months, unaged sample was kept fro:
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Table 3-37: Sensory evaluation.of aged and usaged fish
N sauces prepared with and without SHP .
5 - * s
2 [
. L = - «
1 i AL 4t A
Sample « Triangle test*: Preference scoré®
Correct * Incorrect
. -
i S ® ‘e
Aged C-FSvs 5 3 . Aged C-FS 5.4
unaged C-FS . unaged C-FSS f |
Aged SQ-FS vs 4 - 4 Aged SQ-FS 81 b
unaged C-FS

unaged SQ-FS 8.2 b

! Aged fish sauce was kept at ambient t'ﬂyswre for-4 months.
Unaged fish sauce was kept frozen at -20°C. . 4
C-FS=Control; SQ-FS=Squid h I d

2 Samples_are not significantly different (P<0 05),n = 8.

3Values followed by the same letter are not significantly different
1P<0.05), n =8, i

. L A
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5 . . Table’3-38: * Changes in tristimulus color indices during aging of - * : o T
", - lish sauces prepated with and without"SHP» ¢ -
. 2
Sample!, - L2° .. a? - b2 7 g3
' . - - Wi \- >
o ' T . ! . Tt
C-Fs s P N
) Unaged 315 . bo o 202. 64.5 -
. Aged 2 m L 307 84 T20.1 . 65.0 'y
Aged 6 m 20.1 122 - - 184 86.7 : /
! . H
L SQFs 3
S Unnged' PN Y T 12.2 782
Aged 21 186 . . 174 % i 766
i Ag,ed s_m < 178 . ¢ 18.(.) \\ " 1.5 77.8
S = > . . T
T, . ! C-FS=Control fish sauce; SQ FS—SHP-supplemented fish sauce. N
~  Unaged fish sauce was kept at -20°C.
" g Aged fish sauce was kept in'sealed jar at ah\b:ent temperature.
= P 2 Valués are averages of duplicate analyses.
3 Values calculated l‘rpm average values, ’
] & - L ‘
s .
: 4 W sl =
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process used in Thailand:, Ok. d' o, (1982b).reported that at 30°C apd under
,recipro'cil shaking, the ripening process was accelerated but at 37°C or highe;

temperatures the typical aroma was not developed. Thus it could be that the

ripening process might inv:g}Ve incorporatién of air info the fish, sauce to promote

on Yeactions. o N

. oxil

\ // Lo test the hypothul: that resldlml enzymes in filtered ﬁsh sau&e conlnbute

to flnvor development dunng ng'mg, the ﬁsh nuce mwmtate ‘was heat-treated to
mactwate enzymes prlor t6 its sWon back ta the ﬁltme and mcubanon at
ambient temperature for 4 months." Free and total amino acid "contents cl’ the

mixtures (R + F and Heated R + F) are shown in Fig 3-34 and Table A-13. The

. two samples : d approximately the same ntration of amino acids, the
amino acid-profiles were also similar. Sensory evaluation-using trianglé test a?so

"slhowed that there was no significant difference between R + F and Heated R + F
. o

. (Table 3-39). . N y '
LA i ® . : « .
3.8. Separation of pepﬂideu in fish sauce

“3.8.1. HPLC

: LS
- The use of HPLC (TSK125 lumn) ployed to fracti fish sauce

% prepmed with and wnlhout SHP. A ding g to the I , the lecul
.welghl range of the colllmn is 500-60, 000 -The Bio-Rad g}ﬁltrntmﬂ standard ol‘

thyroglobulin (M.W. 810000), gamma globulin (158000), ovnlbumln (47000),

myoglobm (17000) and vitamin 312 (1350) had retention times of 12.2, 14 8, 17.4,

‘
.

3.7.1. Inﬂneuu of the rehlned enzyme .cﬂvlty on aging procesu Y

LN
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= (HEATED RETENTATE. + FILTRATE), umoles/m! . “

AMINO ACID COMPOSITION OF THE SHP-SUPPLEMENTED
MIXTURES (RETENTATE-+FILTRATE) AND  \ tesino, -

Filras
| o
S Retani

o Filtres |

. N
Figure 3-34: Free amino acid concentration of fish sauce mixture

Values plotted are averages of duplicate analyses. MiBures '
of filtrate and retentate (6:1) were kept in sealed jar for 4

months ‘at ambient temperature -
/
n - B !
/ . o
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. \T.ble 3-30: Sensory evaluatlon of 1 retenme and hltra!,e mlxtu;e,
* “u 4 with and without heatmg, after 4 months aging”
Fish sauce e Fraction compared h‘rmng[e test3
.
- % ’ : Correct lnconect
. i s
. Control N e Filtfate + retentate! 4a 4
- vs filtrate + beated rétentntez : !
\
B SHP " Filtrate + retentate! . -
A supplemented vs filtrate + heated retentate? 3a 5
. s . —
P ! Fish sauce retentate and filtrate was mixed at the ratio of 1:8
and kept at ambient temperature for 4 months. °
~ * 4 2-Pish sauce retentate was heated at 100°C for 10 min.
. Rt 3 Valug§ followed by ®a*® show that the fractions compared are
not slgmﬁcmly different, (P <0.05), n=8.
o &/ . %
<
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+ 238 and 28.2 min, respectively, with coeffic of determination of 0.98. The

Tow moleculsr weight shndard employed were', Bacitracin C (MW." 1400,
retention time 29.7 mip), N-ncetyl-L-phenylnlanyHrduodotyrosmt (M.W. 622, r.t.
.21.9), Gly-Pro-Ala (M.W. 243 r.t. 23.2) Trp (M.W. 204, r.t. 308) and Tyr (MW.

181, r.t. 253),wnh M.. "‘o(’ ermination=0.12. Anal /‘.'tuh sml:e by

HPLC resulted .in the separation f dlll‘eren; peaks ‘but, since there was no

reliable standard curve available, he nppmxlmute molecukr welght “of - ‘the

compounds' could not be nyﬂu ately obtained.” HPLC does not yet appear to have
been'used in the direct estimation of peptides in foods; although several methods
hsve ‘been published for use |n sequence studies (Williams, 1982) Chromatograms

of fi sh sauce at dlﬂerent fermentatioti time are shown in Figs 3-35 and 3-36. The
/
h

Squid hepnwpancreu supplemented mm.c/e appears ‘to. be depleted of high

wexghc ( ion time < 20 min) at 4 weeks Iermenutlop

A

(Fxg 3-36), while higher molecuhr welgln substances were retained in eontro] fish

- f '
P J chtwnanon of fish sauce ﬂrepared wnth SHP by nltmf ltration with a

\ Gauce even ul‘ter 33 weeks of leUtanon (Flg 3-35).

llhpore unit, Rellicon cassette - system hﬂo ret ntute and filtrate Iractwns

ppenred to selectively remove high moleculnr WEigM compo!\enls Irom lheA

filtrate fraction (Fig 3-37). " “ BB

i

Interpretmun of these results is llmlted since it ngpenu thnt I‘or low

B
size and retenug time is not readily predlctable.~

—~

o(cllﬂ‘e,!en‘5 tiohs & 'hsh sauce ﬂ[&sh&wp&&g_&u—_,ﬁ,,,“'-
L e v
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Ritention tise (sinutes)

Flgnie 8-36: HPLC chromutogrnms of fish sauce at different
!ermentntwn times .

Sample: Control fish sauce at dilferent fermentation tifhes.

Diluted 1:1° with 0.1 M Nn2SO4, 0. 02 M NsH PO, (pH 6.8).
- *Sample Size: 10 4l. .
Column: 2 x Bio-Sil T§K- 125 HPLC. Gel Filtration Cofnmn 300 x 7.5 mm.
Eluant: 0.1 M-Na,50,,%.02 M NaH PO (pHB8). | . %
. Flow rate: 1.0.ml/min.’ .
l Void volume
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Retencion tise (minutes)

= Figure 3-368: HPLC chromatograms of fish sauce at, dlfl'eunl.
3 fermentation gupes -
Sample: Sl{P-supplemented fish sauce at different fermentation umes

Dlluted 1:2 with 0.1 M Na,SO,, 0.02 M NaH,PO, (pH 6. 8)¢ i
Sample.Slze 10 4l

. Column: Z'x Bio-Sil TSK-125 HPLC Gel Flltnuon Coﬁumn 300 x 1 $ mm.

Eluant: 0.1 M Na,S0,, 0.02 M N§H3P0 (pH 6.8). .
Flow rate: 1.0 ml/min. »
l : Void volume
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Flgure 3-37: ﬁPLC chromntograms of different fi cuons of ﬁsh

s r sauce
Sample: SHP- 1 ted fish sauce, fracti d by a Millipore,
- ‘ultrafiltration, M.W. cut off 10,000. //M
SQ-R = Retentate fraction; SQ-F = Filtrate fraction. .

Samples were diluited 1:2 with 0 1 M Na,§0,, 0.02 M NaH?PO
(pH 8.8). ] .
Sample Sue 10 4l
Column: 2 x Bio-Sil TSK-125 HPLC Gel Flltrsno Column, 300 X 7.5 mm.
Eluant: 0.1 M N3,SO,, 0.02 M N|H2PO (pH-6%
Flow rate: 1.0 ml/min.
l Void volume
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" 3.8.2.Blo Gel P:2 . i . .
i % R The retention time for gel filtration chromatography of standards on Bio
i i 4
)

£ Gel P-2 and log molecular weight showed the coefficient of dgtermination (r?) =
¢ e 099 (Fig 3-38). Molecular size separation rsn‘ge of Bio Gel P§ accordmg to the

b E .manﬁ!actuyer, is 100-1800, It lo’und thnl for aromatic amino aqu or pep(t?es

<, containing aromatic aming acids,"there 3s no correlutmn between molecular

|

Tetention time than- dnd bnslc or’ neutknl amino acids on the

N weigh‘t and retenllon"time. \ G_hxtdmic ]mid »an-tacidie nmino acjd, had a longer .
i5of molecular

- weight. e . | o)
) \ : .
R Chron‘mtognms of the control and SHP-supplemented- fish sauce areshown
;o in Fig 3-30. The chromatograms of diflerent ultrafiltration fractions of control

P 5
and SHP-sipplemented fish siuce are shown in. Figs 3-40 and 3-41, ggspeclively.
The estimations of the molecular weights of the peaks, obtained are summarized in

(Tables 3-40. ang 3-41. Amino acid analysis of isolated peaks is summrized in

Table 3-42. Bio Gel P-2 separated the components in fish sauce.into 6 rﬂajsr #

‘fractions. “It-was found that control fish sauce contained more material of M.W.

> 1300 daltons than the Sl{P-supplemenmd sauce (peak 1, Fig 3-30). ”i‘his first #

v fraction was negative to nmhydnn reactlon Q small peak of estimated M.W.

\ s bétween 500-1,000. daltons, was resolved only in SQ-FS (retention time app. 200 °

m i“u; 3-39) The result of nmmo acid analysu mdlcated that this peak was -

pephdu \taining aspartic acid, threcnine, serine, glutamlc wd, glycine, slanine

: 3 i - - .
- fnnd lysine[/ Apparently, MW, offfﬁe largest pea-k (peak 3, retenﬁc')n time 270
P " rgin, Fig 3-39) in both control “1 ’-FS fell between the range of 100‘and 300
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Figure 8-38: Standard curve of molecular weight vs retention time .
@ N \

—— ) ' " - * - . «
i : . Values plotted are averages of 3 determinations. Standards were § : )
glycine (75),’leucine (131), histidine (155), glutathione (307),
? cyanocobalamine (1165).
Sample Size: 0.25 ml.

.5

Column: Bio-Gel P-2 Gel| Flltxatlon chromatography column, 80 x L.5em. - \
Eluant: 0.05 M HC1 contnmmg 0.1 M NaCl e - s &Y
. Flow rate: 20 mi/h. - :
- L ) . e
‘ - » »
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Retention tine (min x 10)

.
- Flgnre 3—39! Bio-gel P-2 column chromatography of control and
¥ // SHP-supplemented fish sauge after fermentation foré months 6

’ Samplé Fish sauce prepnred wnth (SHP) or without SHP (Control)
/" Diluted 1:9 with 0.05 M HC1 wntummg 0.1M NnCl

. Sample Size: 0:25 ml.
/ gglj:xmn Bio-Gel P-2 Gel Filtration chwmntogrnphy column 80 x 1.5 em.
luant: 0.05'M HCI containing 0.I'M NaCl. o
. Flow rate: 20 ml/h. : -
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" .
\ -
3 -
Retention cise (minutes) ;o ° .
i .- A ~
n o
3 U" ) Flguu 3-40: Bio-gel P-2 column chromatography of different fractions of
. fish sauce after-8 months fermentation
- Sample Control fish sauce was lractxcnated with a I\:Qt:lipore ultrafiltration .
- unit, M.W. cut off 10,000 nnd diluted 1:9 with 0.05 M HCI containing .
® " 0.1 M NaCl. i v .
Sample Size: 0.25 ml. Baan . \
2 Column: Bio-Gel P-2 Gel Filtration chromitognphy column, 80 x 1.5-em
< Eluant: 0.05 M:HCI containing 0 1M NaCl. P )
4 : Flow rate: 20 ml/h ! "

Lg® 7




e, © 0 12 18 2% ' 30 36 T 4
: a - Retention timé (min x 10)
k2 F\Q\lre 3-41: Blo-gel X\; 2 column chromatography of different fractions of
. fish sau@e after 6'months l‘ermentunun

Sample: SHP- d fish sauce was fracti d with a Millipore
ultrafiltration unit, MW= cut off 10,000 and diluted 1:9 with 0.05 M
HCI containing 0.1 M NaCl.

Sample Size: 0.25 ml. -
X Column: Bio-Gel P- ﬁ»GeI Filtration chromnwgraphy column, 80 X 1.5 em.
& . Eluant: 0.05 M'HCl conu‘mlng 0.1MNaCL ° ¥ ‘

. Flow rate: 20, ml/h.

N
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Tnble 3-40; Estimaied molecular we)ghts of fish sauce and fmenons
4 from fish sauce prepared without SHP

. : A A.res % Total)
LT MWorange '\ Peak® oFs CF "CR
a7 T o ¥ ’ }
i .
§ I S
/ >1300! L 133 - 23 438
-'500-1000° - . = - i - -
400-500 2 01 . 86" 62
100-300 30 T asgl 3.1 . 158
. <100 4. 98 80~ - 35
! . ik 5 270 - 200 210
e .ot . [ 7.2 9.7 .18
. oL ; : 49 104 23°

. ! Negative mnhydrm reaction

L)
w oy QPmbnbly glutamic acid and peptide contammg glutamic ncld
: . " - 3 Figure 3-30
. - C- FS—Control fish sance, C—F—Control ﬁltrate. C—H—control retenmeu -
: »

~
S s - g

" .

K4 e
. £ { ﬂ -
o I e - =




. P
.o - )
Table 3-41: Estimated moleculm’j;Lhts of fish sauce and fractions
prepared with SHP

. 9 3
o T .t - 7
e Area (% Total) o
. M.W. range . Peak® SQ-FS . QF SQR .
. :

L e, s F
- >1300t 1 .13 ) - 10.0 X

$500-1000 - 0.7 .2 0.7

LI " 300-500 .2 3.8 5.2 5.7

. 100-300 3 7 35.4 245

<100 4, 37 . 11 41

? - 2.9 5.3 2.8

. 722 5 26.7 ~ 30.8 22.3

2 6 8.5 “10.8 ‘10.4

. 8 - 7.1 104 7 89

v - 12.6 - 10.4

' - |
1 Negative mnhydnn reaction.
2 P‘mbably glutamic acid and peptldes containing giulamlc acid. - s
3 Figure : 3.
SQ-FS: Sl-[P-supplememed fish sauce; SQ F=SHP- wpplemented filtrate;
y SQ-R SHP-supplemented retentate.
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Table 3-42: Major amino acids in fractions from Bio-gel P-2
chromatography of fish sauces prepared with and without SHP

L ‘C-FS . SQ-FS
- } B
& # " Amino aciq (Mole %)
+
" - Peak ' Free i Hydrolys{;te < " Free Hydrolysate
. ‘ amino . amino anﬂi:&} amino
5 ’ /'hcid : .acid L oagd’. o add -
+* . S o -
1 . Asp(11) Thr(8) . Asp(8) The(5)
' Ser(12) Glu(19) . " Ser(14) Glu(12)
Pro(6) Gly(11) i " Gly(41) Leu(13)
Als(10) Leu(10) His(4)
Lys(9)
) 2 Lys98) .~ Pro(7) Gly(7) Rro(18) Pro(20) Gly(4)
) N Lys(60) Lys(80) . Lys(85) .
1-Met-His(5) ) .
3 Prof19) . Pro(19) Gly(7) Gy Se(37) Glu(\li)
‘Ala(48) « Ala(34) Lys(22) . I(4),  Gly(11) Lie(16)
Lys32) . Leu()  Leu(10) His(11)
4 Gly(26) * Thr(10) Pro(6) Asp(9) ©  Asp(11) c{..(n)
Ala(50) Gly(21) Ala(26) Ghi(82) Gly(s) *
) Val(sh) Val(18) Leu(td) . 5
. s * Leu(21) :
w4 & § Glu(100) Asp(30) Glu(57) “ Asp(sg)c Asp(53) Glu(34)
' Gly(4) ' Glu(37) Gly(5)
s " 1 C-FS=Control fish sauce.
g 2 SQ-FS=SHP-supplemented fish sauce. ~

73
S
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daltos. The major components of this pesk in’ control fish sauce wore free
prollne, alanine and lysine slong wuh peptides :ontammg glycine. In SHP-
supplemented fish sauce, the major h-ee amino acids were glycine, isoluecine and
leucine and the major amino acid tesidues ix{: the pep!ilde fraction were serinn,‘
‘glutamic acid and histidine (Table 3-42). The ﬁltil peak was found to be

predominantly free aspnrtic} and-glutamic asids and peptides containing these two

amino acids. The results from amino acid analysis indicated that the sixth peak

did not contain amino acids or peptides. The percentages of free and peptide.

\aglinc‘r acid in each peak &re shown in Appendix Table A-14. The ‘amino acid

concentrations in each peak “are shown in Appendix Table A-15.
" ’ . g

' Fractionation of fish sauce with a .Milliporé ultm‘riltration unit, Pellicon
cassette system M.W. cut off 10000, into retentate-and filtrate fractions i;;)p.enred
to remove most of the substances with id.w.>i300 from the filtrate (Figs 3-40

"

and 3-41). The control tate fraction ined very high of
substances with M. W >1.'mo cumpmed tosthe control fish sauce and the SHP-
supplemented retentate. Pﬂwever, similar patterns of resolution in each fraction

were obtained. -

5 % L.
> The molecular! size of the major polypeptides and oligopeptides in fish sauce

_fermented for 40 days was reported to be between 700-1500 daltons (Orejana aud

Liston; 1079). The previous -workers used Sephadex G-10 gel filtration

chromatography.
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3.8.3. Iinportance of peptides to the flavor of fish sauce ’ ‘
.~ ;
_ The results from sensory evaluation (Table 3-43) indicated that the fish

= sauce r.etel{t}xle and the filtrate were sigificantly dilferent.v All {he panelists
could detect the difflerence between the: filtrate and the retentate in b;)ih control
and SHP supplemented samples and allwprelerred tke retentate. Accgr}ipg to the™
ﬁnnelists fish sduce retentate had s more brochy tast@ «than the filtrate. The
il ltrnte was slso thougt to be more shty than the retentate. The resulu of
chemlcal snalyseg, indicated that there was no sngmﬂcant difference betweeﬂ NaCl
content of retentate and filtrate. Pepnde amino acids (hydrolxzate-free ammof
acids) in control and SHP lr‘:tehtau fractions were, respecnvely' 70 md 47% but
peptide amino acids in control andl SHP filtrate fractions werelonly 50 and 36% of <
the fotal amino acids. Biuret soluble protein and total nitrogen were also higher
in retentate than in filtrate fraction- (Table 3-30) C-R-contained s"highen
- concentration of soluble protein (38 ;ng/ml Biuret) than SQ&! (21 mg/ml), land & .
"higher amount of ‘substances with M.W.>1300;7however, the®ensory preference
Tscore of SQ:RﬂNm ‘h‘igh’evr than C-R (P<005). It was apparent that ‘Isrger
v ‘molecules in retentate co_ntribute. !i: the brgthy taste as indicated by sensory
preference score, but the typ:nl flavor was a combination effect of both free s,
. amino acids and pep.tid'es Taste of peptides from fish protein con ;enmte (FPC)

. hydrolynte was studied by Fujimaki et al. (1973) It was found that the fraetlon

- of M.W.<1000 was responsible for the ptable: taste of the hydrolyz Aner g

" free glutamic and aspartic acids were removed from this fraction, it exhibned a

3 . §
' brothy tasté nearly as intensive as before the removal. Acidic oligopeptides of “™

M.W. <1000 were found to have a strong brothy taste and have a favorable after-

- e
\
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Sensory evaluation of retentate and filtrate of fish

.. sauce prepared with.\ and without SHP

' FKish sauce
. -V

Fraction compared

Triangle test?_.

Correct Incotrect

Preference
score’

q

ontrol

“

upplemented

~

Retentate vs filtrate
Retentate vs fish sauce
Filtrate vs fish sauce

Retentate vs filtrate
Retentate ys fish sauce
Filtrate vs fish sauce

8a 0
6c 2
B¢ 2
8a. 0
7b 1
7b 1

Retentate 5.6a
Filtate 30b 7
Fish'Sauce 5.4a

'Retentate 8.5¢

Filtrate; 5.5a
Fish sjucg 7.8¢

!

filtration unit with polysulfone filter Pellicon Cassette system,

M.W. cut off 10,000, and kept at ambigat temperature for 4 months.
Values followed by a, b or cindicate the significant difference
between the fractions compared at P <0.001, 0.01 and 0.05,
respectively; n=8.
Values followed by the same letter are not slgmhcnntly
different (P <0.05); n=8.

Samples were fermented for { months, filtered through a Millipore / i
s,

]

L




taste effect. 'Frsclion" of MW.>5000 had very weak brothy taste. They

concluded that the brothy taste of Pronase-treated F C was due not only to hee

glutamlc acid but also due to acidic peptides o{ M.W.<1000. : v

3.9. Use of fish sauce as a flavoring agent in a surimi-b_nse;l &
X product , s L : ‘.
éurimi’ﬁi Japanese term meanir;g minced fish flesh that has been wnteh“
_washed, C;-yoprotectanfs such s sugar, sorbitol and polyphosphate are used m‘,
retéin the functional pmpzrties of the mince when surimi is kept frozen. Itis ;ued
8s a base material for the manufacture of imitation shellfish pr;;ﬁncts, e.g., crab
leg, shrimp, scallop, lobster. Synthetic flavoring agents as well as shellfish Lmeat
have been used to prepared a product with a flavor similar to shellfish. Since fish
sauce supplemented with SHP has been\reported to have a strong characteristic -
flavor with a'brothy taste, there is the possibility to use fish sauce as a flavoring
agent to reduce the cost of prodiction of these imitation products.
. )

The result !rom the triangle test using deep fat fried products (Tnble 3—44}
showed that there was  significant dlll’erence between the sample wnh salt ‘and
the sample with heat-treated fish sauce (P<<.01). Seven out of eight judges chose

the correct sample and 8 out of 8 preferred fish sauce to’ salt, However, whep

preference test was conducted, the sensory score on the hedonic, scale did not

show any istically signil diffe smong the samples (Table 3-45). -
Fried ssmples p?epa.red with fish sauce rather than salt had a higher preference

score, however, thes@gesults were.not significantly different (P <0.05).




o
.. lD'I_ £

.

Sensory evaluation of steamed surimi by Vpreferece test showed that. the
sample with salt was not signﬂicangly different from the sample with fish sauce
(P<005), but the beat-treated and untreated fish sauce were significantly
different (P<0.05). T}lg »steuimd pl:uduc'. received a lower score than the fried

one. The color ol the dough with fish sguce was off-white thus lish sauce cannot

be used in 3 product in whwh wh)teness\,ls acntenon for quality; e.g., imitation

crab leg. Ttcan be used in breuded type products. = i
- EN

Resulis of & fold test showed that enzymes in fish sauce affected the texture
of the product (Table 3-45). The texture of the steamed fish cake with unheated
s ' . 2
fish sauce deteriorated to grade B while the products with salt and heat-treated
by A

fish'sauce retained grade AA texture. . . T

Table 3-44: Comparison Ql‘ surimi products using the trimigle test!

Sample? Correct. Incorrect, Preference
= , v
-

Surimi with salt Tw ‘1"~ " 6preferred surimi
vs surimi with ) = with -fish sauce .
heat-treated : 2 preferred surimi -
fish sauce with salt

¥ "y .
! Value followedeby  is significantly different (P<0.01), n = 8. . [
2 Samples yhfe deep-fat fried,
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3.10. Comparison of. different batches of fish sauce prepared at

different times ?

-~
To compare the results from different batches of fish sauce prepared at

) . . '
different times, including the e[rey of frozen storage of capelin prior to salting,

data of dilferent batches of fish sau‘ee prepared from fresh capelin caught in 1083,

’
. 1984 and frozen capelin (caught in 1083 and kept frozen at -20°C, 3 morjths) were

. |
analyzed. ~ Statistical analyses of the degree of protein hydrolysis during
f_erinentution indicated that there were no sigtificant differences (P<0.05)

hetween replicntes within each treastment (Table 3-48). Thus it is spp‘arent that

frozen capelin can be used as raw material for fish ssuce preparation without any

-~
adverse effect on the rate of protein bydrolysis during the first 20 weeks of’

fermentation.

e




1

Table 3-48: Comparison of thie degree of proteolysis of different
bat¢hes of fish sauce

. Degree of pr&tein bydrolysis (mg. formol N/ml fish sauce)

. ‘Time (weeks)
\ Sample! 4 -8 12 20
_ o
Cancrol/ 3 )
1983 A 207 ° 358° - 413 5.19
19831 287 333" 413 ' 5.25
1983 FA .80 347 402 4.90
1984 A 97 360 428 532
X 200+ .07 351+.13 414+ .09  517+.16
SHP-Supplemented
1983 B ©o002 . .34 .55 10.56
1083 FB. 882 © o038 0.52 1022
1084 B 890 9.86 . 1028 10.68
L 891+ .10  9.52+.20  078+.35 1049 +.10
Delayed-Salting .
1983 E 207 367 148 444
1083 FE 308 392 * 420 486
1984 E 323 403 187 4.96
X 300+.13  3.87+.18 475 +.28

445+ .24

! Numbér before code letter indicates year of pleparation',(

F = Capelin was frozen at-20°C for 3 months.
E = Delayed salting for 24 hours.

X = Mean values followed by standard deviation.

g .
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Chapter 4

Conclusions. )

capelin with saltin the presénce of squid h_epatobanereas,

process,
‘proteolytic enzymes in both fermentation and aging periods, and the importance

of peptides and amino acid to the sensory acceptability of the finished product.

/VFish sapce having excellent quality cen be obtained by fermentation of male

This study focussed on the hydrolysis of p}otein during the fermentation
B . 7

diti most, y

favorable for the fermentati invelv

The concll{sjpns from th}s study areas follows :

‘A method for preparaticn of capelin fish sauc§ was developed. On the
basis of variables tested, the following:conditions are ded for
the fer ion of capelin, jon with 2.5% (w/w) of squid
hepatopancreas; fermentation at natural fermentation pH (5-7) with

35% (w/w) salt and at ambient temperature (20-25°C). Thefchemical

hanges of protein during fish sauce ferfentation occur mostly during ,

he first four weeks as evidenced by increases in free amino acids,

formol nitrogen and soluble protein. The aging of capelin fish saucein

sealed jars at ambient temperature ddes not improve the qudlity of the

finished product. After aging for 4 months, there is no significant

difference in sensory score, free amino acid content and color between

" the aged ‘and unaged [ish sauce samples. -Squid hepatopancreas

supplemented capelin fish sauce is highly acceptable after fermentation
for 6 months and can- bé used without further aging.

2. Squid hepstopa&wﬂ(:s fermentation of cnpelm -salt mixture do fish

sauce by virtue of its enzymes This concluslon is based on the Tinding

of




@
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that the heat-treated squid did not improve the
fermentation process either by mereasmg (lj the degree of protein
hydrolyuu, (ii) the formation- of free amino acid or (i) the sensory

iow score. Squid contains p lytic enzymes
which exhibit optimum proteolyt\c activity in the presence of high
NaCl concentration (25 % NaCl) at about pH 8, the natural pH of fish
sauce fermentation. It was found that proteases from _squid
hepsﬁopmcree&-supplémcnhd sauce retain considerable activity at the
high NaCl concentration of the fermentation.

ydrolysis during th of capelin fish sauce. However, the
sensory evaluation of fish sauck prepared from round or gutted capelin
by-a triangle test did not siow) any significant difference between the
two samples : i . .

. sy v "
: Vial}NacleriA do‘ not play € beneficial role with ‘Fespect to sensory

quality and rate of protein hydrolysis in the fermentation process.

- This conclusion is based on the finding that (i) the rate of protein

hydrolysis .of the antibiotic treated salted mince sample and the
control were not significantly different, (i) the total viable bacterial
count decreased after the addition of salt. It is apparent that when
bacterial count approached 10 CFU/g, - the microbial enzymes
produced prior to &e addition of-salt can contribute significantly to
the Srotein hydrolysis. This is shown by the increase in proftin

-hydrolysis in the 24 h deluyed-snltmg snmple whlch xs significantly

hlgher than the control. H the b ically active
amine, was found in the delayed- saltmg sample. Although the level of
histamine was Ww (20 nmole/ml) compured to the values

i reportg d fish, it i d the p ial of

. amma formation in dela}ed saltmg

[

" be more tolerant (than the other proteases) to salt. It is spparent that

‘The enzymes which contribute mnsl, to the protein -hydrolysis”in fish
sauce -fermentation are salt tolerant; neutral proteases.  Partial
characterization of l’eSldllll enzymes after fermentation showed that
squid hepats d sauce ined more proteolytic
dctivity than control sauce. The pxo?.eolytlc achmy on azocasein was
inliibited by EDTA, PCMB iodoacetate and soybéan trypsin inhibitor.
Fish 'sauce contsined enzymes which hydrolyzed hide powder azure
substrate and the activity was found m be lngher in snmple prepared
with squid h l‘ I activity
appeardiigo be pruent in fish™ suuca since a 9peclﬁc substrate for
cathepsin C is hydrolyzed: Cathepsin C hydrolase activity is found to

Enzymes usocmted withfish Ylscem contribute slgnlﬁcantly to protem .
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cathe]mn C contnbntes to the lysis in ﬁs‘i e i ”

Based on the results obtained from the fermentation of fish saucey6t ,

different pHs, fermebtation of gutted fish, fermentation of adtibiotic”
N treated fish-salt mixture and delayed- anltmg fish, it is Ipplrenl that
enzymes associated with the fl& sre important fo ‘the protein
o X hydrolysis, enzymes associated with the -viscera of th fish although
‘5 contribute significantly to the protein . hydrolysis, they do - mot
significantly - improve sensory evalustion. Enzymes from squid
'\\\' % hepajopancreas ~contril to both the pramn hydrolysu agd the

N formation of dellelous taste. \

i
* 62+ The free - amino acid content of " fish sauce is dn-ecl.ly related to the
\sensory prefqrence score. The correlation coefficient between amino «
+aéid content and preference score is 0.851 P<0.05). is spparent "
" that larger moleculsr weight components present in ﬁsh auce also ooe e
- contribute to the typical flavor of the sauce. Removal of the larger
molecular wexghc ‘components lowered the preference score. It c€n be:
‘M coneluded °that the typical flavor of fish ssuce is influenced by a -~ N
combipation of oligopeptites and (ree amino acids, especially glutamic
acid and glycine. Linear re of the pxeference score with R .
glutamic acid or glycine concentration showed positiye correlation -
which was significant (P<0.05). The results of gy fitration
chromatography suggested that the apparent molecular weight of the
major components ranged between 100-300. However, it is - also
possible that certain low MW components, e.g. fatty acids, do not
3 assthe membra‘ne \ .

e use of fish sauce as a flavoring agent in kamaboko products is
ssible, provided that the fish s;nce is, heat treated to inactivate the
zymes before addition to the surimi.

Cee -

Suggestion for. further study : . ¥
4 .- .

More complete chnmctenzauon of enzymes which contribute to prntem ,
hydmlys:s in ferment.atlon of fish sauce will provide a bener undemzndmg of the
fermentation process.. The optunum conditions lur thes; enzymes to react on the
‘protein will nccelerate th\ process and shorten the hmo for fermenlnhon The’

smino acid sequence of the peptides which appear I.o'cuntrih\lte to the nlvgr of

be . [

SRR & i
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" '

. . fish sauce will be of, imponancé to understand how structure of the peptides
5 ¥ . g

reflect flavor. Since cathepsin C was reported to catalyze transpeptidation

- }enction, and since transferase activity. was also detected in fish sauce retentate

especially when the fish-salt mixture~ was supplemented with sqﬁid

b 0 , the e of idation or plastein reaction to form = :

~ the delicious peptides in fish sauce deserves I\;;tl;er investigation.
. . . . . g o &
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Ali'pen‘dix A
» Biuret method for soluble proteins P
Biuret reagent : 15 g CuSO, 5H,0, 60 g sodiul(‘-potu‘si“um tnrtnte.
(NaC,04.4H,0) were added to 500 ml distilled water .nd\s#lirredf well before

adding 300 ml of 10%. ('w]v) N=uOH and diluted to 1 L with wa!e?r. )

3 N @ %
Sample : 0.1 to 0.2 ml of fish sauce were diluted to 1 ml with water.

Procedure :. To 1 ml sample, 4 ml biuret reagent was added, mixedm'

- allowed to stand for 30 min at room temperature. Absorbance at 540 om was

read against blank of 1 ml water and 4 ml reagent.”

Standard curve : s'mg/mlnovine serum albumin standard in distilled water

. was used to develop a standard curve of 0.8-6.0 mg protein.
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Appendix B
‘ MicroKjeldahl d instion of total ni

LV Reagent :
- 1. Digéstion mixture. 40 g of K,S0, and 2 ml of selenium oxychloride
was mixed and diluted to 250 ml with deionized water. A final volume
of 500 ml was made by ddding 250 ml conc. (specific gravity 1.84).
Prior to using, the mixture was heated and mixed well.

{ 2. Nessler's reagent (Folin and Wu) was obtained from BDH Chemicals.

) /§ 3. Ammonium sulfgte standard was prepared by dissolving 1.179 g of
- " previously dried (NH,),SO, in 250 ml of 0.2 N H,SO,. The
concentration of the. nitrogen was 1 mg/ml.

. Snmpl’e : Fish sauce was diluted with distilled water (1:99 )-
. v .
/- \

Procedure : To I ml of diluted fish sauce in a 15 x 13 cm test tube, 0.2,ml

of the digestion mixture was added. The tubes were ihserted to-a depth of 2.5 cm

intos dbath. The e of the sandbath was raised to 310-320°C until
the digestion was completed, which was fmdicnwd by a clear solution remainink in
tb: tul’)es. beat was turned off and the tubes were cooled to room
temperature, the acid digest wis diluted €0 10 ml with deionized water. Aliquots
‘ of 1 ml or less were transferred to 12 x 75 mm tubes. To :uh tube water was
added to bring the volume to 1.33 ml\'and 0.67 ml of Nessler's reageat was then -
added. The solutio® was mixed thoroughly after each addition and left at room
tempen‘xture in tl:'e dark for 10 min. Abmrb;nce at 420 nm was read against

blank prepared with no ammonium sulfate:

s Standard curve : Standard curve of 1-10 ug nitrogen was prepared.

. o s L ™
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-
. Appendix C
Salt determination (Vol ic Method)
Reagents: 0.1 Nsilver nitrate
N K
A 4 0.1 N ammonium thiocyanate

il ] -
6 N nitric acid ' ‘ .
s/
Saturated ferric alum indicator ’ ™

+  Sample : Fish sauce was diluted‘ with distilled water’ (1:19).

Procedure : To 10 ml diluted fish sauce, 30 mlof 0.1 N AgNOa, 5 mlof 68 N

HNO, and 5 ml of ferric alum indicator were added. The remaining AgNO, was

titrated with 0.1 N NH,SCN standard solution until the solution became

permanent light brown. Subtract ml of 0.1 N NHSCN used from ml of AgNO,

- and calculated difference as NaCl.

X =17 (00N, - YN,
X, NaCl in‘mg/ml
Y, mlof NH4SCN .

N'l. normality of A‘gNOB

Ng, normality of NH4SCN
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Appendix D-1

.8 heet for€he nt of fish sauce quality
Navg:s_____ o Neaw_____________
_ INSTRUCTION : . B
W ° You are receiving samples of fish nl;‘ce'ror Wahmion of .color, flavor End g

overall acceptability. Taste these samples and checls how much you like or dislike

each one. /_\ .
4 \ -

3, PRODUCT CODE :

" __ like extremely -__like extremely
.
___ like very much ___ like very much — _ like very muck’
_ _ like rnodentel)? . _ _ like moderately __ like moderately .
_ _ like slightly ___ like slightly. __ likeslightly
s ] ’ .
__ wither like __ neitherlike __ reithy like
nor dislike nor dislike nor dislike
{ » __ dislike slightly __ dislikeslightly __ dislike slightly
< —- dislike modemtely’ N dislike moderately __ dislike moderately
_ _ dislike ve}y much  _ _ dislike very much _ _ dislike very much
Pd %
) - .

_ _ dislike extremely ___ dislike extremely __ dislike extremely

Comments :
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Appendix D-2 L)
QUESTIONNARE FOR RANKING
DATE:

INSTRUCTION :

* Please rank these samples for preference. Rank the sample you lik; best as

first. ’

‘Taste the samples in the following order:
Fit

S,e’cnnd

Third

Fourth i S 2
Fifth e \

Comments :
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Appendix D-3
¥ TRIANGLE TEST
NAME: ________ __ DATE: ____ _- ' ___
PRODUCT: __ ____*_ ___ .
B * " Two of these three samples hre identical, the third is different.
1. Taste the samples in the order indicated and identify the odd sample.
Code Check odd sample
\ _____
2. Indicate the degree of difference between &le duplicate samples and the
v odd sample.
Slight °
a quente . ________________;
My . ___
Extreme - _ { __
3. Acceptability : . 4oy . ‘
" 0dd sample more acceptable N SRS h
_ Dupliuiu more acceptable - _
, : - v V .
4. Comments :




27

Appendix E
Fold test for surimi

Slices of 3 mm thick is folded, the grade is judged as :
“” Grade AA: no cracks on folaing in quarters, extremely elastic.

vGrade A: no cracks on folding in half; cracks on folding in mrters,

moderately elastic.
Grade B: some cracks on folding in hall, slightly elastic.
Grade C: breaks into pieces on folding in half, not elastic.

Grade D: breaks into fragments on finger pressure.

Y
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Table A-1: Amino acid composition of fish sauces

prepared by different methods

ymoles/ml!
A? D?

Free  Total Free Total . Free Total Free Total

* Amino acid  a.a. a8, 8.8 a8. aa. a.a. a.a. a.a.
Ala 3168 4086 5750 67.08 2804 43.76 41.84 54.03
Arg 560 796 1880 2008 824 11.83 0 26.79
Asp - 1404 3487 4862 6783 1464 37.73 20.56 §3.90
H-Cys 072 0 060 ;071 074 083 040 .96
Cys 066 114 148 327 008 143 074 2.36.
lu>> 2582 517 6036 9190 2430 6124 3442 75.15
Iy o~ 2088 4695 2840  7108° 1646 5L11 2324 62.39
His 200 298 474 674 128 260 634 9.60
H-Lys 03 110 032 128 018 124 03% LI2
H-Pro 0 435 010 450 0 467 100 413
Ile 1082 1181 2860  3001- 992 1201  25.78 2478
Leu 2334 2870 4790 5040 #2150 30.36 45.56 44.28
Lyse 2354 3218 4870 5699 2168 34.86 30.94 45.20
Met 6.20 849 1242 1802 508 9.35 1250 ''.15.01
Phe 820 78 1870 1750 720 828 1660 14.20
Pro 5400 1002 1960 3370 560 10.43 17.76 26.92
Ser 1604 2508 3192 4220 1400 2631 190.76 35.04
Tau 1384 1388 1414 1548 1656 17.28 1504 13.91
Thr 1296 1847 3004 3862 1168 2011 2214 30.31

Trp 0 0 3.06 0 020 0 o o
Tyt 491 453 438 341, 384 437 3.40 - 3.49
Val 1556 1045 3808 4349 1408 2110 31.60 34.38
38702 52026 68415 225.26 “420.68 309.94 578.02

Total 242.14

1Values are averages of duplicate analyses. Samples were
qfermented for 8 months, aged for 6 months.

2 A=Control

3 B=SHP supplemented

4 C=Heat treated SHP supplemented

5 D=SHR sn‘lzplemented (pH 4.5)
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Table A-2: Free smino acid compmiiion of control capelin fish

sauce during fermentation )
* umoles/mi"
Amino acid : ‘Time (weeks) -
1d 4 8 20
A
Als - 4.26 17.14 20.46 . 29.32
Arg . 1.00 4.35 5.08 6.44
Asp 0.57 5.04 012 - 1395
" Cysteic acid 0.08 0.35 2 0.64 0.81"
Cys ¢« 0 ,0.23 o 8 0
. ¥ Glu 2.75 12.20 16.15 24.50
Gly, 233 10.39 14.38 19.44
His 0.48 ° 144 1.64 115 R
H-Lys [ 010 0.09 0.13
H-Pro 0 [ 0.19 0.15
4 He 0.72 4.60 5.9 4.10
Leu © 142 12.32 1584 22.60
Lys 164 - 10.50 14.93 21.87 <
Met - 0.55 4.81 5.52 8.29 ]
Phe . -, 054 3.30-- 4.80 7.26
Pro 0.77 * 1.70 2.01 3.88
% Ser 1.50 8.36 1.02 15.45
TS~ T 13.11 17.73 15.31 16.26
Thr JL13 546° 7.38 10.94
Trp T2 '0.33 0.28 Sl 21
Tyr 0.42 . 239 3.41 1.90
< Val it 7.72 10.30 14.62
Total 34.76 . 13L20 - 184.12 zsoL'n

! Values are averages of duplicate analyses”
v




230

Tabte A-3: Free amino, acid composition of squid

d sauce during fe

. umoles/ml!
. Amino acid Time (weeks)
1d ‘ 20
et
.y <
Ala A 17.98 16.95 51.58 54.46
Arg +6.80 15.37 1860 , 17.81
Asp 2.04 45.80 46.13 50.90
Cysteic acid 0.18 0.51 0.87 0.63
Cys 0.33 2.52 3.27 2.67 .
Glu 16.48 48.99 55.20 57.72
Gly 6.91 .80 24.48 27.22
His 2.33 5.20 5.60 4.17
H-Lys 0.05 0.22 1.08 0.47
H-Pro L) 1] o . o
Ile 8.77 23.56 25.44 27.03
Leu . 15.70 48.12. 50.49 53.67
Lys 12.58 38.72 43.93 AN\ 46.59
Met 5.29 15.87 18.71 17.11
Phe 4.98 15.85 18.28 .18.11
Pro | 2.44 7.68 11.89 14.67
Sep 9.24 23.64 27.00 30.01
Tau 14.24 17.52 15.41 1417
Thr 7.18 21.54 23.90 27.00
Trp 0.75 2.31 0.68" 114
Tyr 4.04° 4.40 401 — 301
Val 10.91 30.13 35.56 36.03
Total 147.08 '434.56 480.88 508.04

! Values are average of -duplicate analyses.
» o .

13
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- Table A-4: Free amino acid composition during fish sayce
‘ (2225/53". w/w) fermentation
Frcad N
mole%'
Time (weeks)
ud & 20
14
- -

Ala 126 & 122 119 121
Arg 30 32 28 30
Asp 25 83 72 79

3 0.2 02 02 0.2
cys ol ol 02 of

lu 88 106 110 1186

ly 74 8.2 89 86

is 14 14 L1 08
HLys 0 0.1 0 0.1
H-Pro 0 0 0 0
Ile 25 38 4.0 43
Leu 5.1 95 97 97
Lys 5.8 83 8.6 9.4
Met 20 35 35 34
Phe " 20 27 33 3.0
Pro 23 13 1.0 15
Ser 5.3 6.9 6.8 6.8
Tau - 204 87 5.6 4.5
Thr 31 47 5.0 5.0
Trp 02 04 0.2 0.2
Tyr 15 20 23 13
Val 46 8.2 8.5 68

Y
! Values are averages of duplicate analyses. '
.“
v
P




282 -
i’ ~—

\ Table A-6: Free amino acid composition during fish sauce
i (25% salt w/w) fermentation
mole%s! - -
' - Amino acid « Time (weeks) .
= d 4 . 8 20
w

Ala 12.3 @ 15 13.1 128
' Arg 2.6 34 33 29
Asp 1.2 41 51 59
HCys - _  fo2 (.02 0.4 , 03

Cys 0.1 ,0.2 0 0
Glu 7.9 2.0 Y 106
Gly- 6.6. 77 8.9 83
_ His 12, 12 0.9 5
H-Lys 0 01 0.1 0.1

H-Pro 0 @ 0 0 [
Tle 19 36 35 39
Leu 37 9.4 10.0 8 9.8
’ Lys 44 80 - 88 9.4
Met 15 37 35, 36
Phe 15 | 2.7 P21
Pro 2.1 13 FJ 0.3 18
Ser 11 62 65 85
Tau 0.4 ‘145 02 - 75
Thr - 3.2 40 43 14
Trp 't o 03 0.1 0.1
Tyr 12 L7 20 268
¢ Val : 3.9 6.2 ) 8.5

P £ W =
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' Table A-8: Free amino acid composition during fish sauce Py
(30% salt w/w) fermentation :

mole%!
Amino acid Timie (weeks] .
. id 4 8 20
.
;oo = . ;s
T Ala o 198, 12.6. 136 13.3
Arg C23 .34 34 2.9 "
Asp 09 2.8 38 43
H-Cys 0.2 0.3 06 0.4 d
Cys 0 01 0o 0.2
Glu 73 78 85 8.8
Gly 82 8.1 0.1 8.3
His v 12 L0 13, 0.4
H-Lys 0 0.1 0.1 0.1
H-Pro ] [ 0 0
lle 2.0 30 25 3.2
Leu 34 8.0 9.3 9.5
Lys 38 77 88 8.8
Met 1.3 35 33 6.2
Phe 14 .22 25 2.4
Pro 2.0 14 L 04 @ 2.2
Ser 37 5.2 55 5.8
Tau 44.0 227 15.7 10.6
Thr 3.0 34 36 42
Trp 0.1 0.3 0 0
Tyr L1 14 - 2.2 2.2
1 Val 38 52 5.7 8.1
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Table A-7: Effect of salt concentration during
\ 2 fermentation on amino acid composition of fish sauces

umoles/ml!
. * 20% salt 25% salt 30% salt
& Amino acid  Free ~ . Total - Free v, Total Free Total
: x I.ﬂ.‘ a.a. . aa. a.a. a.a. a.a.
’_\‘ -
AN 50.22 6390 . 3110 41.02 18.90 290.30
Arg 11.40 13.37. 6.53 8.57 4.20 5.49
T Asp’ 30.12 54.62 17.79 3805 5.86 22,07 N
, Cyt 0.40 0.34 067 2.30 0.20 062 .
' Cys 0.06 179 0.61 0.60 0.18 1.03
Glu 4742 87.18 24.64 50.13 12.84 33.80
. Gly 35.72 68.30 22.34 40.34 12.04 31.52
His 3.08 481 1.62 3.61 0.96 1.80
Hiys . 032 1.50 0.24 121 010 - 099
HPro 0.60 5.65 0.19 4.10 0.40 313
_ Tle 18.90 21.18 1157 14.94 5.28 6.60
Leu 38.84 46.88 25.32 30.70 12.98 18.194
Lys ° 32.96 50.80 25.54 34.91 13.20 2119
Met: 11.62 1473 877 13.52 3.90 5.55
Phe . 1400 13.31 12.19 8.92 5.00 4.68
Pro 8.08 25.98 $.58 22.68° 2.98 12.96
Ser 28.20 36.48 16.49 23.50 8.44 17.90
Tau 17.22 18.33 9.90 11.34 12.62 22.07
Thr 22.50 30.37 13.40 25.14 6.52 12.54
Trp . 080 . 0 0 ) 0 0
Tyr 5.20 8.17 388 3.2 3.00 2.85
Val 27.40 33.47 16.02 22.33 7.04 12.04
Total 41114 590.14 25827 42012 13750  277.41 -

L " V'Values are averages of duplicate analyses.
' Sumplu were fremented for 8 months, aged for 8 months _
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Table A-8: plJ change during fermentation of capelin®
after adjustment of initial pH
p pH!
" Initial pH Time (Wecks)

2 4 8 . 12 [s 168 38 40

‘_. --——3 3.53° >3,33 3.60 /&55 3.54 3.68 3.50

4 399 404 404 402 402 404 401

5 471 47T 484 475 476 47T ATS

8 558 . 568 570 563 , 565 570 563

7 620 628 631 625 625 635  6.28

8 ' 7.60 7.63 7.61 757 7.59 7.860 7.55
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Table A-0: Free amino acid composition of 24 h
delayed-salting capelin fish sauce during fermentation

y

pmoles/ml"
Amino acid Time (weeks) E
- . 1d 4 wk 8 wk 20 wk

Ala | 7.8 15.08 19.94 31.28
Ag . 0 0 o 0
Asp 0.18 5.11, 864 16.00

v H-Cys . 0.03 0.08 0.26 0.40

’ Cys , 0.01 0.12 0:38 . 020

Glu 2.65 1058 16.30 29.31
Gly 3.88 10.02 16.48 © 2530
His 0.44 162 2.60 o284
HLlys - © 001 0.08 ol - 0.38
H-Pro 0 (] L] y 018
Ile 0.60 2.08 4.04 7.98
Leu 1.20 8.8 1238 . 20.90
Lys 0.92 ©o818 12.50 21.98 °

- Met 0.58 3.20 480 - 690
Phe . 0.46 - 2.40 3.52 548
Pro - S 1.92 192 3! ‘

A Ser 0.38 541 850 . 14.75 '

Tau " 1204 15.48 12.18 15.12
Thr 0.52 358 5.86 10.98

- . Trp 0.02 0.19 S 040 0.51
Tyr : 0.08 1.04 1.32 3.47 -
Val 144 5.76 . 802 T 1448
Total 3222 - 10079 14025 231.84

.

! Values are averages of duplicate analyses.

- -
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Table A-10: Effect of delayed salting on amino acid
composition of fish sauce

pmoles/ml" »

Control - Delayed salting (24 h)

) . Free Tatal Free 4 Total
Amino acid aa. . aa r oaa a.a.
Ala 31.38 40.86 30.82 52.10
Arg t 5.60 7.96 0.80 2.11
Asp © 1404 34.87 19.30 37.04
Cyt 072 . 0 0.28 0.38
Cys ' 066 1.14 0.38 5 173
Glu 25.82 .57.27 38.48 68.78
Gy’ 20.68 4695 . 3354 6141
His ;o202 T 208 378 406
HLys 0.30 . L0 0.48 1.52
HPro . [ 435 0.40 5.70
lle 10.82 1191 11.32) 12.89
Leu 23.34 28.70 26.34 k : 32.86
Lys 23.54 32.18 2826 S~ 36.77
Met ¢ 20 - 8.49 ¢ 578 10.15
Phe o820 7.89 11.68 .0.04
Pro . 5.40 19.02 6.94 21.19
- Ser £ 16.04 125.08 1022 25.61
- Tau . 1384 - 13.88 17.92 19.46
Thr 12.96 - ‘18.47 16.08 20.70,

Trp 0 , . 0 0.40 0
Tyr 494 C 453 - 512 5.47
Val " 1558 <1945 18.20 ,22.38
“Total ' 242.14 387.02 . 304.46 ©452.25

! Values are averages of duplicate analyses, fish sauce®
- were fermented for 8 months and aged for 8 months.
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N
s Table A-11: Aminb acid composition-ih unaged and
aged capelin fish sauce (Control)
. D
umoles/ml"
‘ Free amino.acids Acid hydrolyzate
. Amino acid Unaged Aged (8 m) Unaged Aged (8 m)
. #
Ala 74/~ 802 4353 . 424
Arg 5.08 5.26 8.66 9.90
Asp S~ L 1540 18.46 38.87 3695
Cyst acid 0.64 0.64 0.44 0.50
Cys 0.32 0.30 1.58 " 1L70
Glu 25.34° ©26.30 64.32 63.10
Gly " 19.86 21.72 5153 -+ _50.35
His 2.06 1.80 495 3.52
HLys 0.34 0.37 2.32 . 4.02
HPro ) 0. 3.20 2.67
Ile 8.01 9.50 12.54 12.97
Leu 21.34 22.26 3193 31.40
Lys - 2076 22.38 35.58 34.98
Met . 7.58 5.24 871 875
Phe 7.03 8.05 9.00 8.53
Pro . 310 338 N 1762 17.79
Ser . - 15.68 16.28 25.58 25.5:
% ~ Tau * 16.42 15.08 16.11 15.8
Y . Thr 1108 1360 1860 1811
Trp , 068 - 0.65 : 0" 0
. Tyr : © 223 2.80 1.64 181
Val 14.02 14.53 20.05 20.09
. u %
el Total .. 22848 236.38 -41606 . 41194
8 po—
o ! Values are averages of duplicate analyses,
Samples were fermented for 8 months. .
Unaged = kept frozen at -20°C o

Aged = kept at ambient temperdmre
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Table A-12: Amino acid composition of unaged and *
aged squid hepatopancreas supplemented fish sauce

- :
J ' pmoles/ml!

Free amino acids Acid hydrolyzate

Amino acid Unaged * Aged (8 m) Unaged Aged (8 m)
Ala 58.10 50.24 . 66.76 66.32
Arg 0 19:.38 ) 19.18 20.64 20.95
Asp 4834 . 49.28 71.62 70.14
Cyst acid e 071 050 * 047 - 0.48
) (¢ ‘181 1.61 1.60 2.46
-461‘:/ 61.88 6251 . 9403 . 94.56
- Gly 31.46 . 333 .y 15 72.30
His ' 5.33 5.18 \r;s., 6.04
HLys 0.32 0.39 e 4t
HPro ) 0 37 401
Ile . 27.62 27.90 30.41 20.20
Leu 50.60 - 51.02 53.33 53.55
Lys 47.04 48.84 57.38 56.03
Met 16.02 13.44 18.69 17.07
o 4 Phe 19.10 1873 17.14 ©18.97
Pro 1630 17.70 3137 32.90
Ser 32.00 33.73 40.08 43.54
Tau 15.80 14.80 4 16.16 15.40 N -
Thr 20.33 32.32 42.81 . 3858 7
Trp 0.08 0.76 0 0
— Tyr 3.18 3.04 2.41 . 347
Val 37.88 3739 42.14 1095 - -
Total ' soam 531.82 . 897.17- 684.48

! Values are gverages of duplicate analyses.
Samples were fermented for 8 months
Unaged = kept frozen at -20°C
Aged = kept at ambient temperature

. g a
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Table A-13 : Amino acid composition of the retentate-filtrate

mixtures, with and without heat-treatment, from fish sauce
« - prepared with SHP

- -
& . »
» umoles/ml*
. o 2=
R+F Heated R + F
Ammino acid Free Total Free & Total
. aa. a.a. aa . a.a.
e ~ . el g ¥
. Ala 48.03 46.81 41.72 48.98
2 Arg | 15.01 © 1408 1492 - . 14.57
Asp 38.87 48.50 3814 | 49.40
Cyt 0.42 0 059 ) 0.89
Cys 146 ¢ 2.26 1.37 3.12
Glu 50.20 M 66.62 48,64 68.60
Gly 27.84 53.46 25.98 57.71
His 142 5.02 3.90 5.15
HLys 0.20 091 0.25 0.08
HPro 0.76 3.80 1 Ls2 3.64
S Tle & 22.01 2081 22.01 21.69
Leu 41.28 30.22 42.11 40.34 =
Lys 30.63 41.18 38.97 43.10
Met 41263 12.57 12.18 1068
Phe 17.18 12.47 17.39 12.73
Pro 13.98 23.51 12.32 25.07
Ser 26.70 20.73 25.83 20.76
Tau 11.90 10.89, 13.00 1187
Thr 24.57 26.32 2465 . 26.21 *
% Trp . 0.80 0 114 0
. Tyr 3.23 .60 3.39 0.41
- . Val 20.14 20.51 20.14 3061

Total 430.26 490.43 425.17 . 505.32

! Values are averages of-duplicate analyses.
’ Retentate and Filtrate were mixed at the ratio of 1:6 and stored at
ambient temperature for 4 months before analysis.
R=Retentate; F=Filtrate.
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‘Table A-14: % Free and peptide amino acid in fractions
from Bio Gel P-2 chromatograpy of fish sauce prepared with and without SHP
v

e
C-Fs! SQ-Fs?
Peak Free . Peptide” Free Peptide
amino . amino amino amino
acid(%) acid(%) acid(%) acid(%)
v 1 0 100 [ 100
2 55 45 64 36
3 . 56 ) ‘u 27 73
4 57 43 , 64 36
\ 5 — 58 44 68 32
! C.FS=Control fish sauce -
2 3Q-FS=Squid h d fish sauce
' g
\ -
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n 4 Table A-16 : Amino acid concentration in fractions .
. from Bio-gel P-2 chromatography of fish sauce prepared with and
%\ without SHP . P

* ~

nmole/ml eluant

- C-FS SQ-FS
Peak Free amino* Total amino Free amino . Total amino
acid : acid acid acid
% L - Asp(8) Thr(4) Ser(9) - Asp(2) Thr(1) Ser(4) -
- : Glu(14) Pro(4) Gly(8) Glu(3) Gly(11)
‘Ala(7) Tle(2) Leu(7) e Ala(1) Leu(3)
Lys(8) Arg(2), 4 His(10)
Id . e
—2 Lys(98)  Asp(5) Thr(6) Ser(8)  Pro(55) Asp(5) Thr(8)
Glu(7) Pro(12) Gly(12)  Lys(242) Ser(8) Glu(11)
Ala(4) Val(3) lle(1) - Pro(95) Gly(20)
Leu(3) Phe(1) Lys(109) Ala(8) lle(1)
® 1-Met-His(10) Leu(3) H-Lys(3) -
3 Pro(20)  Asp(5) Thr(3) Ser(5)  Ser(4) Asp(13) Thr(29)
- Ala(53) " Glu(10) Pro(36) Gly(13)  Gly(23) Ser(244) Glu(73)
Lys(35) Tle(82) Pro(4) Gly(74)
. : Leu(48) |Ala(5) Val( 10),
M Ala(68) Val(3) Ile(2) His(21) A/ﬁe(loﬂyLeu(ss)
Leu(5) Lys(42) Arg(2) /< Lys(s) His(21)
4 Gly(55)  The(51) Ser(8) Glu(9)  Asp(20) Asp(36) Thr(6)
- Ala(108) Pro(31) Gly(111) Glu(183) Ser(7) Glu(240)
Val(73)  Ala(134) Val(04) lle(5)  Met(6) Pro(8) Gly(18)
Leu(46)  Leu(72) Lys(7) His(1) Ala(5) Ile(2) Leu(3)
) . His(2) Arg(2)
- 5 Glu(141).  Asp(82) Thr(4) Ser(8)  Asp(235) = Asp(315) Glu(199)
Glu(157) Pro(4) Gly(11) . Glu(146) Pro(4) Gly(28)
Ala(4) Dle(1) Leu(3) Arg(7) Ala(3) Cys(3)
Tyr(2) Tle(2) Leu(2)
Arg(10)

'C-FS = Control fish sauce. SQ-FS = SHP-supplemented fish sauce. F
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- AMINO ACID COMPOSITION OF FISH SAUCE
- i LEGEND "_
conta
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- AMINO ACID T

Figure A-1: Free amino acid content of control and
¢ squid hepatopancreas supplemented fish sauce

Values plotfed are averages of duplicate batches
Samples were fermented for 8 months and aged for 6. months
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cromoles/ml

AMINO ACID COMPOSITION OF FISH SAUCE
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£ wona
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0 veAR a0

Figure A-2: Free amino acid content of control and
heat treated squid hepatopancreas supplemented fish sauce
)

Values plotted are averages of duplicate batches

Samples were fermented for 6 months and aged for 6 months ©
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= ‘ 3
RATE OF PROTEIN HYDROLYSIS '\~
DURING FISH SAUCE FERMENTATION _

»

i
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20
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Figure A-3: Protein hydrolysis in capelin during fermentation

Values plotted are averages of duplicate determinations for 2 lots
of fish sauce
Control= capelin caught at Outer Cove in 1983, kept at
-20°C for 3 months. RRF= Redleed capelin obtained from Fogo Island. |
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