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Absiract

Fish extracts were processed at high temperature (136.7 ~ 140°C) {or possible use as functional food ingredients.
Raw fish meats and those hydrothermal extracts werce compared with respect to in vitro and in vive protein
gqualities. 95% of {at in raw meals was reduced in extracts but there were not remarkable changes in other
macronutrients in freeze—dried extracts. Most of essential amino acids were decreased significantly but two times
more proline and glycine were detected in extracts. High temperature cooking resulted 2.1 ~3.7 times of higher
total free amino acid content in fish extracts compared with raw meat, and taurine and glutamic acid were
increased especially. Severe protein damages were occurred when in vitro protein quality indices such as available
lysine, hydrophilic browning, trypsin inhibitor formation and in vitro protein digestibility were measured on fish
extracts. fn vivo protein qualities were also strongly influenced by high temperature ; however rat-body -weight
gain was nearly zero during PER assay, and rat PER or NPR of fish extracts were significantly lower (p<0.001)
than those of control (ANRC caseip) and origina! raw {ish meats.
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INTRODUCTION

In combined high-pressure/heat treatments applied o
fish for sterilization and manufacturing specially designed
fish preducts (fish extracts), one of the most important
limitations is the lack of nutritive data on thermal properties.
For protein foods in general, severe heat treatment may
lessen nutritive value (1,2) due to denaturation, aggregation
or gelation and thermal hydrolysis. Such changes can be
evaluated in different wavs. In vitro methods including
amino acid analysis, digestibility and available lvsine [evel,
and rat bicassays (PER and NPR) arc recornmended and
frequently used as quality indicators.

Various studies have been published on the changes in
protein quality of fish meat {(3-9) following heat treatments.
None of those results allows protein quality of extracts to
be determined, so that thelr nutritional value Is limited.

Several published reports concern the optimization of
heat treatment for fish extraction (10) and their functional
praperties (11), and an angiotensin [-converting enzvme
inhibitory activity (12). Ryu et al. (13) suggested that new
equation model for in vitro protein digestibility prediction
using fish extracts and their original meat samnles.

Fish extracts which have been favored by Korean as a
health foed are conventionally processed at boiling temperature
for over 10 hours. Most-of fresh water fish could be used
as materials for extracts. Crucian carp, snakehead fish and
eel are most frequently consumed in the form of extracts
and they have been served to pregnant women, old adults,
patients and undernourished persons. Recently, health food
manufacturers designed an autoclave type extractor to
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increase vields and to shorten the processing time. In spite
of the risk of damage to proteins, those products has been
consumed widely without considering nutritional value.

Therefore, our study was designed to ascertain the real
food quality of fish extracts processed at high temperature
using in vitrp and In pive protein quality assays.

MATERIALS AND METHODS

Materials

Live loach (Misgurnus anguillicoudatus), crucian carp
(Carassius carastus), bastard halibut ( Paralyvchhys ofivaseus)
and jacopever (Sebastes schiegeli) were obtained in the
local fish markel, Fhe live specimens were eviscerated and
scaled, and then cooked as described by Lee et al. (10). In
case of loach, skins were scrubbed in 5% salt water to
remove foreign hodies prior to processing.

Preparation of fish extracts

Fish meat blocks (3 em» 3 em ¥ 2 ¢m) and whole rubbed-
off loaches were cooked in an autoclave type extractor
(Dong Kwang, NTC-730). Cooking temperature (°C), time
(hour) and amount of added water (sample s water ratic,
w/w) for fish extracts were based on the previous experiment
{10) designed to optimize cocking conditions which could
reach 60% of thermal hydrolysis level using response
surface methodology. Adopted cooking conditions are as
follows: loach (140°C, 10.08 hour, 1:1<sample vs water,
w/w>), cruclan carp (136°C, 7.25hour, 17 L1<sample vs
waler, w/w>} and bastard halibut {140°C, 9.85hour, 1:
1<sample vs water, w/w>) and jacopever {140°C, 9.38 haur,
11 1<sample vs water, w/w>). Filtered extracts through
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cheese cloth were freeze dred for further experiments.

Proximate composition analyses
Motsture, lipid. protein (N <6.25) and ash were deter-

mined by the stundard procedure of AQAC (14). Al analyses
were done in riplicate,

In vitro protein—guality assay

Total amino acid composition of the sample was deterrmined
by the aming acid analyzer (Biochrom 20, Pharmacia Bloiech).
Samples were hydrolyzed with 6 N [ICl in vacuo at 110°C
for 25 hours, Cysteine and cystine were determined by the
modified procedure of Pelker and Waines (15) using reduced
glutathione standard. Tryptophan was released using an
alkaline hydrolysis (BN NaOIT) by Hugli and Moor method
{16).

Exiraction of free amino acid was done in 802 ethanol
and then was deproteinized with sulfosalicylic acid. The free
amino acid profiles of deproteinized samples wore examined
with lithium column on amino acid analyzer. Total [ree
amino  actd confent was  deflermined on 999%  ethanol
deproteinized samples of 75'C water extracts from freezo
dried (70 mesh) samples using o phthaldiatdehyde spectropho-
tometric assay (OPDA method) (17),

Available lvsine was measurcd by the method of Carpenter
(18). Drowning development in samples was checked
according to the procedure of Chung and Toyomizu (19) and
the results were expressed as the values of O.13x100.
Trypsin-indigestible substrate content (T was quantified
using the procedure of Ryu and Lee (200 which is modilicd
from Rhinchart (21). Results of TI were exprossed as
puritied sovbean trypsin inhibitor cquivalents,

The in wiire protein digestibility was measured by the
modified pii-drop method (130 of AOAC(22). The new
equation of calculating in vitro digestibility 1s ¥=151.944015 -
8.78545% - 1.138901X:, where Y=% in vitro digestibility, X,
~terminal pH at 20 min digestion of pli-drop method and
Xo=free amino acid content expressed as D lew, equivalent
by OPDA method. C-PER (computed protein efficiency
ratio), DC-PER {discriminant computed protein efliciency
ratio) and predicted digestibility were calculated by the
corrected procedure of AOAC (22). Protein digestibility via
new pH-drop method (137 and aming acid profiles were used
in the calculation of those in vitro protein-quality indices.

Rat bioassays

The 21 ~22 days old male weanling albino rats (Sprague-
Dawley) were used in the n vico apparent protein
digestibility, PER and NPR assavs. The rats placed into
individual stainless steel cages were housed n a room
maintained at 22-24°C. 30~60% RH with allernating 12
hour periods of light and dark. Rats were placed on an
adaptation diet for 4 days, weighed at the end of the
adaptation period, and then randomly distributed to ex
perimental groups (10 rats per aroup). Each group was fed with
an experimental diet containing 10% protein for 28 davs.

Diels were formulated using the procedure for PER (23) as
outlined by AQAC (24). To reduce the quality deterioration
of diets from lipid oxicdation, dicts were stored in -20°C
refrigerator as the airtight individual small packs for daily
consumption throughout experiments. Food and water were
supphed ad libitum. The data were collected during routine
protein-efficiency railo tests (24}, Food consumption was
measured through the study, and feces were collected for
eight davs (day 18~26). A control diet of ANRC casein was
included in each study of apparent digestiality assay of
Dunlap et al (25). A net protein ratio (NPR) assay, which
has the advantage of considering prolein maintenance
requirements 1o addilion to growth requirements, was run
according to the procedure Bender and Dowell (26). To
estimate the maintenance requirements, a group of rats was
led with a nonprolein diet {or 10 days. The welght loss of
1his group was added Lo the weight gain of the test groups,
therehy taking nto account the mamienance as well as the
erowth reguirement of the rat. The [ollowing eguations
were used to calculate the NPR and PER values.

% in vive apparent proteln digestibility
N in diel ig)
N, in diet (g}

N, in feces {g)

Dunlap et al. (25)
NPR

~ weight gain (g) + weight loss (g} of nonprotein group

Total proteln consumed (g)
Bender and Doell (26}

(zain in body weight (g)
PER - — o YR R

Protein intake (g)
Oshorne et al. (23)

RESULTS AND DISCUSSICN

Compositional analysts

The approximate compositional data for the extracts and
their freeze dried samples (Table 1) are compared with the
original fish meats. Those values of fresh fish meats were
generally consistent with the previcus reports (27,28) but
there were some differences In loach samples. Differences
of our results from the others were likely due to the sources
of samples such as eviscerated whole fish for ours and
edible meats used in previous expeniments. The moisture
conlents of fish extracts, processed at the conditions men-
tioned in “Preparation of Dish extracts”, were ranged from
9482 to 97.21% and those [reeze-dried products had from
3.30 to 5.22%. Total lipid contents 1n (ish exiracts (.02~
0.07%) and those freeze -dried samples (0.75~1.40%) were
very low when compared to those in the original fresh meats
which ranged from 1.60 to 4.229%. These lower contents would
probably be removed linids on extracts prior to filtering. Mosl
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Table 1. Proximate composition of fish meats and those extracts

(96}
Mo sture ’_ito?al Ifrotein Crugle
Sample o lipid  (N%626)  ash
Raw fish meats
Bastard halibut 76,83 180 20.37 1.1g
Jacopever 80.44 210 16,62 0.86
Crucian carp 7143 251 17.70 0.83
Loach 74.78 422 1595 343
Fish extracts
Bastard halibut g97.01 0.03 2.69 0.19
Jacopever 96.53 0.04 291 0.22
Crucian carp 97.54 0.02 234 012
T.oach 94,82 0.07 4.68 042
Feegze dried fish extracts
Bastard halibut 377 110 #6518 6,18
Jacopever 361 1.30 87.66 547
Crucian carp 3.30 0,75 90,40 479
Loach 5,22 1.40 5.3 767

extracts comprised sofubilized proteins in water. Protein and
ash contents of loach extracts were different from those of
other fish extracts. Loach extracts exhibiled two times higher
protein and ash contents than the other extracts., Much
meats and soften bones of loach were passed through
filtering cheese cloth and those might he resulted n more
protein and ash content.

For the fish extracts, the processing decreased several
amino acids significantly including the essential amino acids
tyrosine, cysting, leucine, isoleucine, lysine, methionine and
threonine (Table 2). Although slight differences were noted
within fish samples, heating fish for 7.25~ 10.08 hour at 136
~140°C caused a loss of tyvrosine of averaged 54%. The
other amino acids such as cystine, methionine, isoleucine
and leucine decreased by approximately 30%. Some decrease

Table 2. Total amino acid profiles of various fishes and those extracts

n lysine ranging from 22 to 27% was noted in fish extracts.
It has already been reported that the degradation of amino
acids in fish meats by heating at 115°C or 124°C was
negligible (), Because their samples were processed for
short period (Fo value 8 or 21), those conclusion could be
possible. But the different results were reported a severe
decrease in essential amino acids of fish samples heated at
118°C for 27 hour (29) and at 82°C for 3 hour (30}, Shim et
al. (31) also reported that most of essential amino acids
decreased by 25459 when fish meat (hrown sole) were
processed at 100°C for 10 minutes. However, the decrease
in amino acids of fish extracts presumably could arise as
a result of degradation due to high temperature cooking for
long period. In contrast to the results of decreased amino
acids, severe increases were ohserved for high water soluble
amino acids, proline and glvcine, as expected.

The free amino acid contents of fish extracts were
compared with those original fish meats {Table 3 and 4).
35 kinds of free amino acids were checked, and taurine and
glvcine were major free amino acids in both sea fish and
freshwater fish meats. In case of taurine which is known
as a representative non-proteinous amino acid, 3 times more
level of taurine was determined in all extracts when
compared with their original fish meat. Those results was
presumably through large amount of taurine present in fish
tissues like brain and viscera included with meats in fish
extracts preparation. Histidine was also obhserved as major
free amine acid in crucian carp reat. But in case of fish
extracts various free amino acids like threonine, aspartic
acid, glutamic acid and ammonia could he included as major
free amino acids from thermolysis during long time cooking
at high temperature. The total content of free amino acids

@18 N

Amino acid Bastard halibuc  Jacopever  Crucian carp Loach HEI JEH CEH LEH
Tro 1.44 1.4 0.95 0.90 1.45 0.54 0.8 0.96
Asp 878 10,78 11.03 9.46 852 843 8.07 8.31
Thr 4.55 493 521 471 4.12 375 3589 4.03
Ser 4.09 4.38 476 .44 4.40 4.9 4.20 4.38
Glu 13.86 13.94 15360 1512 1519 1463 12.22 14.93
Pro 2.37 3.81 312 3.60 6.36 802 6.98 7.22
Gly 412 4,00 4.654 4.68 10.68 10.78 11.13 G54
Ala 554 h87 6.18 596 7.94 7.58 7.74 7.16
Cys 058 0.68 0.92 0.88 .59 055 0.46 0.59
Val 5.04 4,68 5.08 2.03 5.25 406 374 402
Met 192 2.76 292 4.64 1.96 1.80 1.98 2.35
ile 4.30 451 479 527 3.24 331 315 3.26
Leu 801 3.53 8.90 9.10 8.87 6.62 6.76 0.61
Tvr 268 3.42 344 2.85 0.58 1.58 0.93 1.35
Phe 5,30 4.76 5.61 2.16 4.50 4.75 4.63 439
s 181 1.47 2.21 1.35 1.64 1.29 1.80 1.86
Lys 9.16 9.49 992 Y.20 716 7.08 7.30 710
Amm 1.79 1.10 1.35 128 1.77 1.70 1.73 1.83
Arg 5.535 5.74 6.03 788 6.48 6.23 5.96 .61
Total 8365 96.35 1027 102,02 9851 97.4% 897.65 8550

=0

CEIL crucian carp extracts processed at 136.7'C for 7.25hours, HEH: halibut extracts processed at H0°C for 9.85 hours
LEHL loach extracts processed at 140°C for 1008 hours, JEH: jacopever extracts processed at 140°C for 9.38 hours
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Amino acid Bastard Jacopover Crucian
’ lmhbut carp
lesplm\m ine '3 OO 2. 3) 2.4
Teutine 38649 307 24219
Urea 43,06 52,12 50,21
Phosphoethanolamine 3.80 8.21 464
Agpartic acid 21.06 3022 3051
Hydroxyproline 307 16.76 252
Threonine 20853 2552 D142
Serine 21.05 46,78 35,38
Asparagine 28,94 3470 BAET
Glatamic acid 14.86 41.14 4915
Sarcosine 1058 3243 1571
o Aminoapidic acid 700 17.31 e
Proline 208.26 6372 5023
(rlveine 183.62 35252 459.39
Alanine 8321 90.54 90.47
Citruline 6.86 1521 16580
o Aminobutyric acid 1134 11.32 12.71
Valine 2‘3 46 4 65 40.34
Cystine 39.96 3370
Methioning 2311 3350
Isoleucine 2485 30.99
Leucine 59.35 5157
Tyrosine 29770 Rak
fi- Alanine 15.30 16.43
Phenylalanine 36585 3725
b Aminoisobutyric acid 603 27,49
Y- Aminobulyric: acid a4 24.84
Ammoniy 64.58 12413
Urnithine 10.51 11.07
HMistidine 36.30 23482
3-Methylhistiding 1356 14 44
Anserine 7206 3508
Carnosine 2012 2061
_ginine H B0
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(mg/100 g solid}

Loach HEH JEH CEH (Boil
262 42.98 56.08 30.00 26,36
21558 149388 115002 71716 750.12
3257 16291 19291 151.94 199.23
1262 1632 1402 12.02 12,02
1432 82.78 %.16 86.56 131.04
1262 3276 36.46 20.44 37.52
45.86 17254 146.96 163.77 27764
28.34 101.22 127778 126.47 140.24
4348 198.23 145.16 10334 86,70
3111 197.09 17888 140.43 142.40
21.56 52,77 A5.60 36.36 55.42
6.76 1599 1472 827 6.68
50,17 110.43 17450 191.84 13373
35369 197.23 325,64 494.48 398,98
7308 25063 250,56 20042 230.77
1298 2342 20,12 16,34 1872
1145 17.88 2112 22,66 23,26
4224 10398 8345 100.68 102.48
20.81 70.11 56.92 5632 57.40
39.14 55,49 5140 5885 87.24
36.15 135.99 75.99 89.20 56,10
49.86 83,74 91.12 160.99 166,90
26,98 9767 75.34 8910 6508
15.32 1211 9.11 14.44 13.44
3180 .32 87.58 73.02 95.18
1797 422 3.22 388 5.34
16.21 3082 27.70 27.04 27.96
25.68 145,02 142.00 11408 187.77
1531 55.06 28.12 39.90 3096
8173 87.3 110,34 100.22 13454
46.89 140,50 13456 600.13 233.14
14,49 20.26 29.84 1638 1964
90.32 187.95 80.745 60.22 87.14
2323 1860 16.60 24.90 23.90
49 & __J??ﬁ{ . B0% B8
160849 462131 425969 430074 415036

(JFH cracian carp txtrdch L}I()LL‘»H(d jt HE)? (J for (ZJh(:ms H}*H halibut (“{hdcts proct.ss«;d at 140°C for 9.85 hours
LEM: loach extracts processed at 140°C for 10.08 hours, R jacopever extracts processed at 140°C for 9.38 hours

ranged from 1,608 to 2,068 mg/100 g solid for raw fish meat
but those extracts had frem 4,150 to 4,620 mg/100 ¢ solid
of total free amino acld conlent using amino acid analyzer,
There appeared to be simllar Lotal free amine acld contenls
in same fish samples using OPDA method (Table 4). KEven
though scroe varlations were found within fish samples due

Table 4. Tree amino acid Lontem of variousg fish meats and 111()\(
L‘(h"d(,L‘-. detu’m ned lw ()PDA m(,thod

%amplc ]ﬂ Leucine DI I ¥ mc
Raw fish meats
Rastard halibut 1231003 1401 0.02
Jacopever 1705008 19470002
Crucian carp 2,245 0.05 2731004
Loach .65+ .01 [.78:4.0.01
Fish extracts
Bastard halibut 4.83+0.01 4157001
lacopever 4781001 4305001
Crucian carp 4747003 4.07.:.0.03
Loach 47165002 4 O‘H 0.01

”I)Ltummed as ((IlllVd}(I’lL of 1.1.-leucine and I}I Iy¥sine

to meat composition and structure, about 2.7 times of total
{ree amino acids were determined in fish extracts as compared
with their fish meats. A severe incresse in nonproteinous
nitrogen compounds as tawrine and ammonia, and nonessen—
tial amino aclds hvdroxyproline, asparagine, glutamic acid
and arginine accounted for much of these increase in free
amino acid contents. Unlike those nitrogenous compounds
essential amino acids contents, which are susceptible to
nonenzymatic browning, woere not increased remarkably,
Perhaps those amine acids could not contribute Lo increase
tolal free amino acid contents in fish extiracts.

In viiro protein qualities

The data in Table b indicate the in vitro protein qualities
of freeze-dried fish extracts. High temperature cooking for
long period resulted in 55% more of available lysine loss
in raw meats. Many researchers have reported that the fish
meats sterilized for short period retained 86% mare of total
available tysine (6-8). The findings in available lysine loss
of our study indicated that the cooking time and tem
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perature were not desirable for fish extracts in order to
ensure protein qualities. Excessively high temperature during
processing caused some destruction of “total” lysine content
and available lvsine loss. Those damage was progressed
drastically when protein sources were exposed to moisture
heat (50~250 g/kg) for long time (32). Similar paltern of
available lysine loss due to browning coukl be confirmed
by external color test and hydrophilic brown pigment devel-
opment. Although it has been known (33} that the available
lysine was retained B0% over even after sterilization of
mackerel meat (at 110°C for 104 min and at 120°C for 46
min) and non-enzymatic browning reaction was still at the
initial stage, it was assumed that non-cnzymatic browning
reaction taken place during fish extracts processing was
already at final stage. Reaction could also occur within
protein themselves between the free amino groups of lvsine
and arginine and the free acld groups of aspartic acid and
ghutamic acid, or amide groups of asparagine and glutamine
(6).

Protein sources processed for long time often lose their
nuttitional value through formation of proteclvtic enzyme
indigestihle substrate (20} and those results is closely re-
lated to in vitro protein digestibility. All fish extracts had
a double trypsin indigestible substrate (TT) content, expressed
as soybean trypsin inhibitor equivalents, compared to the
raw fish samples (Table 5). TT increase seems to be generally
characterized by browning products from amino-carbonyl
reaction, or protein-protein interaction as described above.
Similar findings have also been reported that there was a
direct relationship between brown pigment development and
T formation (34). In vitro digestibilities of fish exiracts
were markedly affected by high temperature cocking for
long time and their values were lowered by 9% compared
to raw fish meats. Those lowered in vitro digestibility with
Jarger amount of TI, browning development and poor available
lysine retention would be expected to affect overall protein
quality of fish exiracts.

Overall in vive protein gualities
To ascertain the overall in vive protein qualities of fish
extracts, rat binassays were performed and their results

Table 6. Jn vitro and in vive protein qualities of fish meats and those extracts

Fable 5. In vitro protein-quality indices for fish meats and those
extracts B i
Availzble  Browning (ODx100) T
Wysing — T (mg/g
(g/16 ¢ Ny Lanophilic Hydrophilic i)

Raw fish meats

In vitro
dig. (%}

Sample

Bastard halibut 3.93 1.53 (.55 5386 §9.98
Jacopever 492 240 0.65. 4592 90.25
Cructan ¢arp 457 345 0.75 10,14 89.86
Loach 375 475 0.35 3612 80.64
Tish extracts
Bastard halibut 1.76 158 1051 A7.04 BLT
Jacompever 222 2.48 1795 3510 81.40
Crucian carp 1.82 4.10 65.20 3617 BD.74
Loach 2.28 5.00 6.10 R893  BLT7

"Netermined as FDND reactive lysine
“etermined as equivalent of soyvbean trypsin inhibitor

were presented in Table 6. In experiment of apparent in vive
protein digestibility, all fish meat showed better digestibilities
than standard protein ANRC casein (89.99%). On the other
hand, fish extracts had a significant lower (10.5~15.9%)
digestibility of their original fish meats, indicating high
temperature cooking seems o pProgress severe protein
damage. Similar results have been presented that the
apparent digestibility of hest-damaged cod flour {116°C for
27 hour) was only 68% by chicks hiozssay (33). Surprisingly,
our observation is that the recorded rat PERs of fish
extracts were 0.5 below while those PERs of raw fish meats
were 2.8 over except loach (2.1), Inspection of the results
for PER assay indicales that severe heat treaiment for {ish
extracts reduced weight gain to almost zero. It is known
that feed consumption and weight gain during PER assay
generally depend on the feed acceptability and digestihility.
We could observe that feces of rals given fish extracts diets
contained a considerable amount of brown semi-liquid
material and some alopecic rats on same diets. Like as
reduced feed intake, the feed consumption behavior of fish-
extracts-diet-fed rats were quietiy different from those of
raw fish meats or casein-diet-fed rats. The explanation of
thuse extremely lower PER and NPR from fish extracts may
be reduced feed intake, poor essential amino acids profile
with available [vsine retention and remarkably lower

C-PER DC TPER Rat PER
~ TANRC casein 250 250 240
Raw fish meats
Bastard halibut 274 2.81 291
Jacopever 259 250 340
Crucian carp 2.58 287 283
Loach 2.59 2.50 2.09
Fish extracts
Bastard halibut 224 2,96 026"
Jacopever 2.28 301 037"
Crucian carp 227 3.08 023"
Loach 2.2 200 o0

NPR2 Predicted In wvitro In vive
- digesiébility_Nkf:ligestibﬂity digestibility
3.18 87.74 AR 89.99
400" 9561 89.99 92359
525 Nn.07 90.25 91.12
4247 90.88 39.56 a3.90”
368 23,04 2944 89.86
116" 100.27 BT 85257
L™ 100,88 81.40™ 3526
1og™ 100.27 80,74 7526
10977 10445 8177 79.337

"p<0.05, Tp<0.01, TTp<0.001
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digestibility due to browning development and T'I formation
resulied those protein qualities. It was also assumed that
the deficiency of some essential amine acids as tyrosine and
histidine and limited an unknown growlh factors (36)
associated with those lower nuatritional index. Additional
work will be needed (o check and compare the effects of
processing on ray’s heatth, Whether the health problems
would occur under the present processing condition was not
Invesligated.

 Previous studies (8,37 48 have proven that C-PER proce
dures can reliable estimate the guality of a food protein.
Excellent correlation (r-0.8450) was obtained between the
values derived by the C-PER procedure with that of the
bioagsay lechnigues when the raw fish meats were vsed
as protein sources. However, In case of fish exwacts, there
was a great discrepancy between ral PER and C PHR or
DC PER. Similar tendency also noted in the {7 vive di-
aestibility ag compared with predicted digestibility caleulated
using amino acid profile solely, Even if there would be some
advantages in estimating prowein quality, C-PER could not
be a good tool for evaluating protein quality of severe
damaged proteins.
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