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The present work aims to estimate the effect of heat treatment on the in witro protein digestibility
and formation of trypsin inhibitor or trypsin indigestible substrate(TIS) of raw and defatted flounder.
It was also carried out to assess the formation of lipid-protein complexes under the conditions of
different ratio of lipid addition,

The in vitro protein digestibility increased when steamed for 5 min showing 88.09% in raw and
90.56% in defatted samples, respectively., After 40 min steaming, the digestibility decreased by 2~
4%. As for microwaving, heating for 1 min resulted in slight increase of digestibility, however,
heating for 7 min did decrease of digestibility by 3~4% for both raw and defatted materials.

There was no difference in fatty acid composition found with heat treatment. The major fatty
acids of flounder meat were Cig:o, Cie:1, Cisi, Caois, Coois and the ratio of the unsaturated to saturated
was 67.3:32.6.

Fat oxidation and nonenzymatic browning were enhanced by heat treatment and protein solubility
decreased necessarily as the brown pigment formation increased.

On the other hand, the effects on the digestibility and TIS of the complexes formed from interaction
of lipid and myofibrillar or meat protein of flounder were examined. The interaction of protein with
lipid was considered to mostly contribute to the drop of digestibility of fish products. The digestibility
of myofibrillar protein was 93.72% for flounder, and it generally decreased as the amount of lipid
added to protein and reaction time increased. Also mixed and heated samples were more active in
digestibility decline than those mixed after heating. The result probably indicated that lipid-protein

interaction was involved in the drop of digestibility which coincided with protein denaturation.

Introduction

Lipid-protein interaction may lead to undesirable
changes in nutritional and functional properties of
food. It is so important in biological processes and
in food systems, sometimes determining the odor,
texture, color, in witro enzyme digestion of food

(Almquist, 1956; Karel, 1977). These interactions,

which occur when lipids and proteins are present
in the same system, are responsible for the forma-
tion of trapped complex(Karel, 1977; Greene, 19
71; Shenouda and Piggott, 1975; Roubal, 1969).
Most fish fats contain more than 50% of unsatu-
rated fatty acids, of which about half are polyun-
saturated, lirid oxidation is always considered to be

one of the major factors contributing to difficulties in
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the preservation. The oxidation of lipids contaning
unsaturated fatty acids causes chemical changes in
proteins via nonenzymatic browning and formation
of thermal cross-linkage during processing, storage
and cooking.

The effects of lipid on proteins in vitro are as
follows: loss of enzyme activity (Choi and Tappel,
1969), loss of solubility due to aggregation or
complex formation (Pokorny and Janicek, 1968;
Andrews et al., 1965), chain scission (Zirlin and

Karel, 1969), as well as loss of specific amino acids.

To gain more information about lipid-protein
interaction at different ratio of lipid with protein,
in vitro protein digestibility and trypsin indigestible
substrate(TIS) were investigated. The objective of
the present work was to determine the formation
of lipid-protein complexes from the degree of heat
denaturation influencing the drop of in vitro protein

digestibility.
Materials and Method

1. Materials

The flounder(Pleuronichthys cornutus, weight 170
+18 g, length 1846 ¢m) was purchased from Jagal-
chi Fish Market of Pusan on July 15th, 1985 and
transported on ice to low temperature room. Fresh
flounder were skinned, eviscerated, ground with
motar, and finally stored in a low temperature
cabinet at —30°C during the experiment. After
heat treatment and vacuum freeze-dried, samples

were ground with mortar to 100 mesh.

2. Preparation defatted sample

The lipids of raw material were extracted with
chloroform-methanol(2:1, v/v) in a blender by the
procedure of Bligh and Dyer’s(1959). The residue

was used as defatted sample.

3. Heat treatment

Twenty grams of raw and defatted flounder were
heated in the microwave oven (Model ER-5000, Gold
Star, CO.) for 1, 3, 5 and 7 minutes. Twenty
grams of meat dispersad in a petri dish (¢ 9 cm)

was steamed on a water bath for the periods of

time 5 to 40 minutes.

4. Chemical analyses

(1) In vitro protein digestibility
The in vitro digestibility of the flounder was
determined by multienzyme method of Hsu et al.
(1977) as improved by Satterlee et f. (1979) using
ANRC sodium casein as the reference protein.

(2) Trypsin indigestible substrate(TIS)

The content of TIS of all samples was determind
using the procedure of Rhinehart method(1975).
The results were represented in trypsin inhibitor
equivalents, which equals to the mg of purified
soybean trypsin inhibitor (Sigma, 10,000 BAEE
units/mg protein) per gram sample(dry basis). The
standard curve used in measuring TIS content was
shown in Fig.1. For the reference, method by
Hamerstrand et al. (1981) was employed to deter—
mine the TIS content quantitavely.
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Fig.1. Relationship of pH at 10 minuaes to
purified soybean trypsin inhibitor con-
centration.

(8) Nonenzymatic browning index

The extents of nonenzymatic browning in each
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samples was determined by the method of Chung
and Toyomizu(1976).
(4) Determination of peroxide value(POV)
and carbonyl value(COV)

The peroxide value was determined by the proce-
dure of AOAC(1980) and carbonyl value was per-

formed according to the procedure of Henick(1954).

(5) Protein solubility

The methods of Morr et al. (1985) and Monte-

cavalo et al. (1984) were used to determine the

protein solubility of vacuum freeze-dried flounders.

(6) Fatty acid composition

The lipids of heat treated samples were extracted
by the procedure of Bligh and Dyer’s(1959). Methyl
ester of each fatty acid was prepared from the
lipids by a procedure described Fujino (1978) and
determined using GLC.

Operation conditions of GLC

Instrument Pye-Unicam series 304
Column 1.5 mx4.0mm i.d.,
stainless steel

15% DEGS on 60-80 mesh
chromosorb W

Packing material

Carrier gas 1.25 kg/cm?, Nitrogen

Column temp. 195°C
Detector temp. FID at 250°C
Injector temp. 250°C

(7) Preparation of myofibrillar protein

Extraction method for myofibrillar protein was
using the procedure of Groninger(1973) and Gronin-
ger and Miller(1975).

(8) Interaction of lipid to protein

The raw, defatted samples and isolated myofi-
brillar protein were mixed with lipid extracted from
raw(10:0.5, 10:1, 10:2 and 10:4) for 2 and 4 hrs
at room temperature(24+1°C) and 50°C. Except
for the buffering capacity of protein itself, no at-
tempt was made to control the pH of the lipid-
protein mixtures. After mixing the protein and
lipids, all samples were freeze-dried (FTS System’s
Freeze Dryer, Model TD 3-561 FD 8-84, 2-3 Torr,
plate temp. 20°C).

Results and Discussion

1. Proximate composition of raw flounder

The results of the proxima‘e analyses of the raw
flounder was shown in Table 1. An 82.6% (dry
basis) of crude protein and 10.3% (dry basis) of
crude fat was contained in sample. The contents of
crude protein (Nx6.25) and crude fat was smilar

to earlier report (Jeong, 1983).

Table 1. Proximate composition of the raw

flounder
(%, dry basis)
Crude protein Crude fat Ash
82.58 10.30 5.53

2. Effect of heat treatment on
nitrogen solubility

The effects of steaming and microwaving on
nitrogen solubility are shown in Table 2. The total
nitrogen of raw (12.63%) and defatted (13.74%)
flounder seemed to be affected by heat treatment.
The solubility of raw and defatted flounder heated
was decreased with increase in cooking time.
Steaming for 20 and 40 minutes caused an exteme
reduction of nitrogen solubility of samples showing
33.6% and 29.6% for the raw and 34.6% and 31.
99 for the defatted,

for 5 and 7 minutes drastically reduced the solubi-

respectively. Microwaving
lity to 21.2% and 19.2% of raw, and 29.4% and
27.62 of defatted, respectively.

3. Development of nonenzymatic

browning during the heat treatment

For both raw and defatted flounder, browning
gradually developed by steaming for 40 minutes
(Table 3). Probably brown pigments did not in-
crease during the steaming because of the low lipid
contents and carbonyl compounds (Table 3). Brown
pigments

than that

of raw flounder were slightly higher
of defatted sample. The same tendency
was shown in defatted flounder meat heated with

microwaving. However, the browning development
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Table 2. Effect of steaming and microwaving on the nitrogen solubility of flounder

Heat Raw Defatted
ot Total Soluble Solubility* Total Soluble  Solubility*
nitrogen(%) nitrogen(%) (%) nitrogen(%) nitrogen(%) (%)
Steaming
0 12. 63 10. 42 82.53 13.74 12.38 90. 10
5 12.63 5.10 40. 37 13.74 5.78 42.10
10 12.63 4. 47 35.38 13.74 5.15 37. 46
20 12.63 4.24 33.56 13.74 4.75 34.57
40 12.63 3.74 29. 61 13.74 4.38 31.89
Mirowaving
0 12.63 10. 42 85.53 13.74 12.38 90. 10
1 12.63 3.75 29.73 13.74 5.25 38.27
3 12.63 3.08 24.37 13.74 4.60 33.51
5 12.63 2.63 21.23 13.74 4.03 29. 36
7 12.63 2.42 19.19 13.74 3.79 27.55

*The ratio of flounder: deionized H,O was 1:100 (w/v).

Table 3. Changes in the peroxide value(POV),
carbonyl value(COV) and browning
pigment of flounder when heat

respectively. The major fatty acids,
heat treated were palmitic acid,

found in the

palmitoleic acid,

oleic acid, eicosapentaenoic acid and docosahexaenoic

treated
Browhing pigment Table 4. Effect of steaming on the faity
Heat (0.D. /gg psgnd) pPov cov acid composition of raw flounder
treatment —=—ti° " (meq/kg)  (meq/kg) (/100 g solid)
(min) raw defatted raw raw g g
. Steaming time (min)
Steaming Fatty acid
0 0. 05 0. 04 11.48 28.19 0 5 10 20 40
5 0.07  0.06 18.04 31.41  “sararate
10 .09 0.08 22.35 42.27 12:0 0.60 0.78 0.39 0.39 .87
20 0.13  0.09 30. 07 63. 60 14:0 420 3.90 3.68 3.8 4.33
40 016 012 43.79 94.62 15:0 .09  0.96 0.90 0.93 1.18
Microwaving 16:0  18.39 18.85 18.93 10.05 18.83
0 0.05 0.04 11.48 28.19 17:0 2,37  2.3¢4 201 2.04 2.36
1 0.08  0.06 15.48 45.18 18:0 5.94  6.49  6.43  6.22  6.19
3 0.09 0.06 23.94 91.07 Total  32.59 33.32 32.53 32.58 33.76
5 0.19  0.08 47.71 159.13  Monene
7 0.27  0.09 58.01 187. 82 14:1 0.60 0.48 0.43 0.48 0.78
16:1 10.94 10.51 10.19 10.81 10.75
revealed much higher values in the raw materials 17:1 1. 88 2.10 1.90 1.92 2.02
heated by microwaving for 5 minutes or so than 18:1 15.62 15.61 15.81 15.92 15.70
the defatted as indicated in Table 3. In case of the 20:1 5.26 4.38 5.01 4.42 4. 56
. . . 22:1 1.93 1.74 1.71 1.72 1.69
raw sample, the browning pigments were excessive- Total 36.23 34.82 35.05 385.29 35.45
ly increased probably because of abundance of Polyene
carbonyl compounds formed by lipid oxidation (You 18:2 1.21 1.44 1.32 1.14 1.35
and Lee, 1982). 18:3 0. 89 0.84 0.58 0. 39 0.45
20:2 0.77 0. 30 0.72 0. 33 0.34
. . 20:4 2.99 3.30 3.68 3.55 3.21
4. Changes of fatty acid composition 20:5 10.86 10.38 10.61 10.78 10.35
by heat treatment 22:4 1.69 1.56 1.78 1.71 1.75
22:5 4.76 4.74 4.72 4.90 4.73
The fatty acid composition of steamed and micro- 29:6 8.01 9. 30 9,20 9. 43 8.61
waved flounder meat is given in Table 4 and 5, Total 31.18., 31.86 32.61 32.23 30.64
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Table 5. Effect of microwaving on the fatty
acid compositoon of raw flounder
(g/100 g solid)

Microwave heating time (min)

Fatty acid

0 1 3 5 7
Saturate
12:0 0. 60 0.67 0.32 0.34 0.34
14:0 4.20 3.97 3.82 3.84 4.03
15:0 1. 09 0.94 0.92 0.97 0.93
16:0 18.39 18.76 18.45 18.93 17.65
17:0 2. 37 2.14 2.13 2. 31 2.20
18:0 5,94 6.21 5.98 6.18 5.49
Total 32.59 32.69 31.62 32.57 30.64
Monoene
14:1 0. 60 0.49 0.48 0. 50 0. 48
16:1 10.94 10.72 10.71 10.56 11.34
17:1 1.88 1.79 1.82 1.97 1.80
18:1 15.62 15.99 15.79 1571 16.41
20:1 5.26 4.56 5.05 5.03 6. 02
22:1 1.93 1.97 1.97 1.94 2. 57
Total 36.23 35.52 35.82 3571 38.52
Polyene
18:2 1.21 1.16 1.21 1.22 1.27
18:3 0. 89 0. 40 0.58 0.53 0. 66
20:2 0.77 0. 31 0.71 0.78 1.01
20:4 2.99 3. 48 3.26 3.31 2.75
20:5 10.86 10.85 10.85 10.59 11.0Q7
22:4 1.69 1.79 1.71 1.58 1.57
22:5 4.79 4.91 5.00 4.68 4.90
22:6 8.01 8. 89 9.24 9.03 7.43
Total 31.18 31.79 32.56 31.72 30.84

acid. Especially, palmitic acid was the most predom-~

inans. Among the monoenic fatty acids, palmito-
leic acid and oleic acid were found to be the major
constituents comprising about 73% of the total
monoenes. The principal acids in the rolyunsatu-

rated were eicosapentaenoic acid, docosapentaenoic

acid and docosahexaenoic acid. The level of eicosa~
pentaenoic acid was fairly high in polyunsaturated
group. There was no great changes found in fatty
acid composition during heat treatment because the
level compounds were not greatly

changed(Table 3).

of carbonyl

5.Changes in the in vitro protein
bigestibility and trypsin indigestible
substrate content of flounder during
heat treatment

Changes in the in vitro protein digestibility of
raw and defatted flounder processed under various
conditions of steaming and microwaving are pre-
sented in Table 6. The in vitro protein digestibility
increased at the early stages of heating by stea-
ming and microwaving and afterward it decreased.
Especially, in the defatted samples it was rapidly
decreased by steaming for 40 minutes.

These results agreed with the fact that proper
heat treatment increases the digestibility of squid,
oyster and pollock protein (Ryu, 1983). The proper
condition of heat treatment which might result in a
desirable denaturation, could get the fish meat
more suscepitble to enzyme hydrolysis.

Heat processing to a mild extent can improve the
digestibility of protein by destroying protease inhi-
bitors as well as opening of the protein structure
through denaturation. As the protein was extremely
heated,

digestibility possibly because of physical changes in

the polymerization in a drop in protein

protein structure which render the protein unavail-

Table 6. Differences in the in vitro protein digestibility and indigestible substrate(TIS)

content of flounder following the

various steaming and microwaving time

Steaming (min)

Microwaving (min)

0 5 10 20 40 0 1 3 5 7
Dig. (%)
Raw 85.83 88.09 86.85 86.74 85.95 85.83 87.41 86.74 84.48 83.58
Defatted 90.23 $0.556 88.99 87.86 86.17 90.23 91.47 90.80 90.35 90.12
TIS(mg/g)
Raw 14.81R 13.26 12.79 12.09 11.78 14.81R 14.01 13.04 11.78 11.15
0.42F  0.44 0.39  0.34  0.30 0.42H  0.37  0.32  0.29 0.28
Defatted 11.01R 10.59 10.14 10.02  9.60 11.01R 10.22  9.69 9.45  9.27
0.49H 0.46  0.46  0.41  0.37 0.49% 0.43 0.37 0.3¢  0.33

R: Rhinchart method (1975),

H: Hamerstrand method (1981)
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able. Table 6 illustrates the differences in the in
vitro protein digestibility and TIS content of raw
and defatted flounder with heating times. The in
vitro protein digestibility was decreased until the
steaming time reached 40 minutes, but TIS content
did not change significantly (about 1~2%). The
variation of TIS content in raw flounder was supe-
rior to defatted sample. As shown in Table 6, TIS
content was rather low in microwaved raw flounder
and dropped from 14.81 to 11.15 mg/g.

Lee et al. (1984) reported that trypsin indigest-
ible substrates in several fishery products increased
during the storage because of the lipid oxidation.
The content of trypsin indigestible substrate were
reduced by the heat treatment. During the heat

treatment, the destruction of trypsin inhibitor
activity in flounder seemed to be higher than for-

mation of trypsin indigestible substrates.

6. Lipid-protein interaction

In general, oxidized unsaturated lipids in seafoods
tend to bind proteins and form insoluble lipid-protein
complexes (Rouble and Tappel, 1966 ; Roubal, 1969;
Castell, 1971 ; Khayat and Schwall, 1983). The
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Fig.2. In vitro protein digestibisity of protein-lipid
complexes by different mixing ratios at
room temperature (24+1°C).
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Fig. 3. In vitro protein digestibility of protein-lipid
complexes by different mixing ratios at 50°C,
in vitro protein digestibility of lipid-protein complex
by the different mixing ratios at room temperature
(24x1°C) and 50°C was presented in Figure 2
and 3. The digestibility of the mixture was rapidly
decreased with increase in reaction time and ratio.
There were 5.53% and 7.449% drop of digestibility
in lipid-isolated myofibrillar protein mixture, and
4.13% and 4.36% drop in lipid-raw meat mixture
after 2 hours and 4 hours reaction at room temper-
ature, respectively. But the digestibility of lipid-
defatted meat mixture was not influenced by the
reaction time and ratio at room temperature. There
was little variations in the im vitro digestibility of
lipid-defatted meat complexes caused by the in-
crease in the reaction time and ratio at room tem-
perature.
Figure 3 illustrates the results that the lipid
interacted with protein at 50°C. The in vitro diges-
tibility was decreased in all cases of test, but
the digestibility at 50°C showed higher values than
that of room temperature. At higher temperature
like this,
tended
1983). The defatted protein-lipid mixture showed

protein structures were unfolded and

to be easily hydrolyzed by enzyme (Ryu,
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Table 7. Changes in the trypsin indigestible substrate (TIS)* contents of lipid-protein
interaction following the different mixing ratio

Interaction Room temp. (24+1°C) Interaction 50°C
ratio(w/w) 2hr 4hr ratio(w/w) 2hr 4hr
Myofibrillar : Lipid Myofibrillar : Lipid
10:0.5 1.31 1.60 10:0.5 1. 47 2.21
10:1 2.85 2.44 10:1 2.12 2.65
10:2 3.45 3.98 10:2 3.87 3.63
10: 4 3.87 4. 81 10:4 4.03 4.05
Defatted : Lipid Defatted : Lipid
10: 0.5 12.23 12.97 10:0.5 11.42 12. 62
10:1 12.94 13.08 10:1 12.63 13.92
10:2 13.83 13.14 10:2 13.05 14. 62
10:4 13.95 14. 55 10: 4 13.70 14. 36
Raw : Lipid Raw : Lipid
10:2 17.85 16. 40 10:2 15.66 14. 81
10:4 18. 90 19.54 10:4 17.69 16. 98

*Rhinehart method (1975)

Table 8. Changes in the in vitro protein digestibility and trypsin indigestible substrate(TIS)*
contents of lipid-protein interaction heating after mixing and heating before mix-

ing
Heat Heating after mixing** Heating before mixing**
treatment (min) Raw Defatted Raw Defatted
Steaming
Dig. (%) 83.01 87.14 87.75 89.33
5 TIS (mg/g) 21.37 14.15 17.85 14. 06
Dig. (%) 81.66 85.72 86. 07 87.52
40 TIS (mg/g) 22. 04 15. 80 18.39 15.24
Microwaving
Dig. (%) 83.91 86. 52 83.92 84.25
1 TIS (mg/g) 21.81 15.79 20.57 14. 38
Dig. (%) 81.44 84. 37 82.79 81.77
7 TIS (mg/g) 22.28 16. 04 21.55 15.93

*Rhinehart method(1975).

**Interaction protein with lipid is 10:4(w/w). The mixtures were reacted at room temperature for

4 hours

88~60% digestibility. Based on the data in Table
7, TIS increased as the fat level of lipid-protein
complexes increased, The relationship between in
vitro protein digestibility and TIS could be explained
by the fact that the digestibility was decreased be-
cause increase in the oxidized fats formed during the
reaction reduced the relative amount of substrate
which the enzyme could act. The comparative values
for the iz vitro protein digestibility and TIS content
of the complexes formed by the interaction of lipid
and protein are shown in Table 8. In order to
obtain any informations concerning to the differ~

ences in the digestibility and TIS according to the

sequences of heat treatment and mixing, both raw
and defatted flounder meat were treated in either
of two ways: that is, the meat was heated after
mixing(HAM) or before mixing(HBM) with lipid.
In general, HAM showed lower values of the
digestibility and therefore high TIS contents than
HBM. In of HAM there

differences found in the digestibility for both the

case was not any
raw and the defatted between the heating methods
of steaming and microwaving. Nevertheless, the
defatted samples showed higher digestibility than
the raw materials in the both cases of heating.

However, in the case of HBM the samples heated
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by steaming revealed higher digestibilities than
those by microwaving. The result probably indicated
that lipid-protein interaction was involved in the
drop of digestibility which concurred with protein
denaturation.
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