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Effect of High Salt Content of Indonesian Dried-Salted Fish on Rats
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Skipjack tuna (Katsuwonus pelamis) was used to produce Indonesian dried-salted fish (DSF). The
flesh was soaked in a 25% NaCl solution (w/v) for 24 h and then dried in an artificial drier at 45 °C
for 40 h. A portion of the final product was directly freeze-dried (DSF I), while the remainder was
stored for 3 months at 28 °C (DSF II). The effects of high salt content in DSF on protein nutritional
quality, internal organs, blood pressure, and mineral loss were evaluated using male Wistar rats.
DSPF’s high salt concentration and 3 month storage period did not significantly affect protein quality,
as monitored by protein efficiency ratio, net protein ratio, feed conversion efficiency, protein
digestibility, biological value, and net protein utilization. However, DSF’s high salt content
significantly induced higher blood pressure, hypertrophy of most internal organs, and increased

loss of several minerals through urine excretion.

Keywords: Dried-salted fish; blood pressure; protein quality; mineral

INTRODUCTION

The preservation of fish using salt in combination
with drying has been known for thousands of years as
a simple method either to prolong its shelf life or to give
desired flavors. Some people in developed countries,
particularly those with a rice eater’s diet, desire the
aroma, texture, and other distinct characteristics of
dried-salted fish (DSF).

This traditional technique still plays an important
role in fish processing, although it varies among coun-
tries. The variation includes the method of salting (dry
or brine salting), concentration of salt (between 5 and
30%), and drying technique (sun dried or artificial drier).
Salting times also vary from 20 to 30 min in the
Philippines to 48 h in Indonesia (Wootton and Ismail,
1986). Different countries also prefer salted fish of
various moisture contents. Nigerian consumers prefer
their products with 33% water, whereas those in the
United States prefer a moisture content of 50% (Pigott
and Tucker, 1991). With regard to the salt content,
Asians prefer saltier fish products than do Europeans.

The Indonesian government has included DSF as one
of nine essential food items (Souness, 1988). The
consumption rate is much higher in rural areas than
in urban areas (Syukur et al., 1992). A major factor
preventing a wider acceptance of the Indonesian DSF
is probably its strong salty taste, which results from the
fish being soaked frequently in saturated salt brines for
lengthy periods. In recent years there has been a trend
toward Indonesian consumers’ preferring lower salt fish
(Buckle et al., 1988).

Although Indonesian consumers soak DSF in tap
water prior to cooking to reduce the salt content, there
is the possibility that the salt content of the prepared
product is still high. High intakes of salt from such
products could place individuals at risk to certain health
problems. To investigate this possibility, the purpose
of this study was to evaluate the effects of salt content
of DSF on protein quality, internal organs, serum
biochemical parameters, and blood pressure of rats fed
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20% protein diets for 26 days. In this study, skipjack
tuna (Katsuwonus pelamis) was used as a model.

PROCEDURES

Preparation of DSF Products. Fresh, nonfrozen, skip-
jack tuna (Katsuwonus pelamis) was purchased from Tsukiji
Fish Market, Tokyo, Japan. The fish (mean weight and length
approximately 4 kg and 60 cm, respectively) was iced during
transportation to the laboratory for processing. The fish were
split, gutted, washed in tap water, and filleted. Fillets were
cut into 60—70 g slices and divided into two groups. The
control group (unprocessed fish) was freeze-dried. The other
group (DSF product) was immersed for 24 h in pure NaCl
solution (26% concentration, w/v) at ambient temperature (28
°C) with a fish-to-brine ratio of 1:2 (w/v). After salting, the
fish was removed, placed on drying trays, and dried in an
artificial drier at 45 °C for 40 h.

The DSF product was divided into two groups and sealed
with minimal headspace into loose-fitting polyethylene bags.
The first group (DSF I) was immediately freeze-dried to
represent 0 months of storage. The other group (DSF II), was
stored at 28 °C for 3 months. This storage treatment was
chosen to simulate the typical storage time used in Indonesia,
where dried-salted fish is usually kept at room temperature
(around 28 °C) during transportation, storage, and marketing.

Experimental Methods. Three-week-old male Wistar rats
(Tokyo Experimental Animal Co., Ltd), weighing approxi-
mately 66.1—68.2 g, were used in this study and were fed a
pre-experimental diet (a commercial nonpurified diet, type MF,
Oriental Yeast Co., Tokyo) for 3 days to allow animals to
acclimate to the new environment. After 3 days the animals
were weighed and placed in individual wire-bottom metabolism
cages. Animals were housed in a room maintained at 22 °C
with a relative humidity of 60% and 12 h light—dark cycle
beginning at 7:00 a.m. The rats were divided into five groups
of eight rats each, and each group received one of four protein
or non-protein diets. Diets and water were provided ad
libitum. Feed intake and body weight were recorded daily for
26 days.

Casein, freeze-dried fresh fish, DSF I (without storage
treatment), and DSF II (stored for 3 months) were the sources
of protein used in the experimental diet. The chemical
compositions of these protein sources are given in Table 1.
Diets were prepared as recommended by the Association of
Official Analytical Chemists (AOAC, 1990), but the concentra-
tion of protein used was adjusted to a 20% level as compared
to AOAC’s 10% protein level. The main purpose of this
treatment was not only to increase the protein content of the
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Table 1. Composition of Fresh and Dried-Salted Fish
and Lactic Casein for Rat Bioassay

sample moisture (%) ash (%) fat(%) protein (%)
fresh fishe 2.3 4.1 10.3 83.3
DSF I? 2.1 28.9 5.9 63.1
DSF II° 2.6 31.0 5.4 60.4
lactic casein 11.4 1.9 1.1 85.5

@ Freeze-dried sample. ? Dried-salted fish prepared by 25% salt
and then freeze-dried (0 months of storage). ¢ Dried-salted fish
prepared by 25% salt and then stored for 3 months at 28 °C.

Table 2. Composition of Diet (Percent of Weight) for
Rat Experiment®

ingredient casein fresh fish DSFI* DSFII® NP¢
sample 23.4 24.0 31.7 33.1 0.0
cottonseed oil? 7.7 5.5 6.1 6.2 8.0
mineral mixture® 4.5 4.0 0.4 0.4 5.0
vitamin mixture’ 1.0 1.0 1.0 1.0 1.0
cellulose® 1.0 1.0 1.0 1.0 1.0
water 2.6 4.4 4.3 4.1 5.0
a-cornstarch 59.8 60.1 55.5 54.2 80.0
NaCl (g/100 g of diet) 0.5 1.5 10.3 8.6

2 Based on AOAC (1990) to give 20% of protein level. ® The
explanation of DSF I and II is the same as in Table 1. ¢ Non-protein
diet. ¢ Cottonseed oil was obtained from Nacalai Tesque Inc.,
Kyoto, Japan. ¢ Mineral mixture was prepared according to AOAC
(1990), but NaCl was removed for DSF I and II groups. f AIN-76
vitamin mixture, obtained from Oriental Yeast Co. £ Cellulose
powder obtained from Oriental Yeast Co.

diet but also to increase the salt content. By this treatment
we hoped to obtain some interesting information with regard
to some biochemical values in serum, the internal organ
weights of rats, any loss of minerals, and any effect on the
blood pressure of the animals when compared with animals
fed fresh fish or casein. The compositions and NaCl concentra-
tions of the experimental diets are shown in Table 2. A non-
protein diet was also included to provide metabolic fecal and
endogenous urinary nitrogen data.

Protein efficiency ratio (PER) and net protein ratio (NPR)
were calculated according to the methods of Bender and Doell
(1957). True digestibility (TD), biological value (BV), and net
protein utilization (NPU) of protein were calculated as de-
scribed by Pellet and Young (1980).

Feces and urine from each animal were collected at days 7,
8, 9, and 10. Fecal samples were dried at 105 °C for 3 h,
ground, weighed, and analyzed. The urine samples were
filtered and stored at —40 °C until they were analyzed.

At the end of the experiment (26 days), all animals were
anesthetized with Nembutal (sodium pentobarbital 50 mg/mL,
100 41/100 g of body weight) and sacrificed between 10:00 a.m.
and noon. Serum samples were prepared from blood obtained
by cardiac puncture and analyzed immediately. The internal
organs were immediately removed, washed with 0.9% saline,
and weighed. The stomach was cut open, emptied, and
weighed. Liver and kidney were kept at —80 °C until they
were analyzed.

Blood Pressure. Prior to sacrifice, the mean blood pres-
sure from each group of animals was measured by the tail cuff
method with a programmable PS-100 electrosphygmomanom-
eter apparatus (Riken Kaihatsu Co., Japan). Rats were
familiarized with the blood pressure apparatus prior to
measurement, and a heating pad was used to maintain
animals at an ambient temperature of 35—40 °C. At least five
readings were averaged for each animal (Greger and Tseng,
1993).

Chemical Analysis. The DSF products, fresh fish, and
casein were analyzed for protein, moisture, ash, water activity,
and salt by standard analytical procedures (AGAC, 1990).
Protein was determined by the Kjeldahl method, and moisture
was determined by oven-drying at 105 °C to constant weight.
Ash content was determined using a muffle furnace by heating
at 600 °C. Water activity was determined by rotronic hy-
groskop and salt content by titration against 0.1 M silver
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Table 3. Effects of Various Diets on Total Feed Intake,
Water Consumption, and Excretion of Feces and Urine of
Rats®

lactic casein fresh fish DSFI DSF II

feed (g/day) 20.25a 20.26a 16.26b 15.33b
(0.67) (1.80) (1.30) (1.56)
water (ml/day) 25.75a 27.87a 92.4%b 95.78¢
(1.20) (2.06) (0.52) (1.96)
urine (mL/day) 7.64a 13.07b 62.59¢ 65.62bc
(1.77) (1.28) (4.37) (3.18)
feces (g/day)® 0.57a 0.53a 0.45ab  0.39%b
(0.13) (0.09) (0.15) (0.10)

@ Values are means of eight replicates, with SD in parentheses.
Different letters in the same line represent significant difference
(p < 0.01). ® After drying at 110 °C for 3 h.

nitrate. Total fat was determined by extraction with chloro-
form and methanol (2:1) as described by Folch et al. (1957).

Mineral analyses of dietary components, feces, urine, and
internal organs were determined with an inductively couple
plasma (ICP) spectrometer (Model ICPS-1000 II, Shimadzu
Co. Litd., Japan). Sample preparation was conducted by wet
ash procedure. A 0.5 g sample was digested in 5 mL of
concentrated HNO; in an iron jacket oven at 150 °C for 2 h.
Digested samples were cooled in an ice bath, diluted to 50 mL
with deionized water, and filtered through Whatman No. 5B
filter paper. The filtrates were analyzed for Al, Ca, Fe, Cu,
K, Mn, Mg, P, Na, S, and Zn. The spectrometer was standard-
ized with the specific mineral standard at each assay time.

Serum biochemical parameters were analyzed by the meth-
ods indicated. Total cholesterol and HDL cholesterol were
analyzed according to the methods of Allain et al. (1974) and
Allen et al. (1979), respectively. The method of Matsumiya
(1983) was used for triglyceride determination. Blood urea
nitrogen (BUN) was analyzed according to the method of Horn
et al. (1966), and creatinine and creatine were determine
according to the procedure of Cook (1971). Serum glutamate—
oxalate transaminase (SGOT) and serum glutamate—pyruvate
transaminase (SGPT) were determined colorimetrically ac-
cording to the method of Richterich (1969). Serum glucose was
measured with a glucose oxidase kit (glucose-B test Wako,
Wako Pure Chemical Industry, Ltd., Tokyo). Serum protein
was determined by the biuret method, and albumin was
colorimetrically measured using bromocresol green as a bind-
ing dye (Sugiyama et al., 1991).

RESULTS AND DISCUSSION

Effect of Salt on Protein Nutritional Quality. It
can be seen from Table 1 that DSF has a lower protein
content than fresh fish. Brining the fish in a 25% NaCl
solution for 24 h and drying the fish at a temperature
of 45 °C for 40 h reduce the protein content of fish.
Sarcoplasmic proteins (myoalbumin, globin, and en-
zymes) are soluble in water; structural proteins (actin,
myosin, tropomyosin, and actomyosin) are soluble in
neutral salt solutions of fairly high ionic strength (more
than 0.5 M) (Spinelli and Dossow, 1982; Suzuki, 1981).
Salt also reduced the total fat and increased the ash
contents. The final product had a moisture content,
NaCl, and water activity of 33%, 23%, and 0.74,
respectively.

The contents of NaCl in the DSF experimental diets
were 17—21 times higher than in the casein group and
6—7 times higher than in the fresh fish group (Table
2). The effects of the diets on total feed and water
consumption and excretion of urine and feces of rats fed
for 26 days are shown in Table 3. The DSF groups had
significantly lower feed intake and higher water con-
sumption and urine excretion than either the casein or
fresh fish group. The high salt content in the diet
caused the rat to easily become thirsty and drink more
water (3.7 times more than casein group). Conse-
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Table 4. Protein Quality of Fresh and Dried-Salted Fish
Estimated with Rats in Growth and Nitrogen Balance
Assays®

lactic casein freshfish DSFI DSFII

Growth Assay
body wt gain® (g) 226.39a 226.40a 150.65b 148.12b
(12.85) (22.14) (20.05)  (12.89)
protein intake® (g}  105.31a 105.35a  84.55b 79.71b
(3.48) (9.38) (6.76) (8.12)
FCE¢ 0.51a 0.53a 0.48ab 0.42b
(0.03) (0.02) (0.06) (0.08)
PER¢ 2.50a 2.58a 2.34ab 2.05b
(0.16) (0.10) (0.31) 0.37)
NPR¢ 291a 3.03a 2.89ab 2.62b
(0.18) (0.12) (0.32) (0.39)

Balance Assay
TD4 (%) 99.69a 99.69a 99.02b 98.94b
(0.09) (0.06) (0.43) (0.36)
BVE (%) 94.98a 92.45b 92.02b 92.86b
(1.54) (1.51) (0.56) (1.02)
NPU< (%) 94.69a 92.16b 91.12b 91.88b

@ Values are means of eight replicates, with SD in parentheses.
b Different letters in the same line represent significant difference
(p < 0.001) for 26 days of experiment. ¢ Different letters in the
same line represent significant difference (p < 0.05) for 10 days
of experiment. ¢ Different letters in the same line represent
significant difference (p < 0.01) for 10 days of experiment.

quently, the urine excretion of the DSF-fed groups was
8.5 times higher than the casein group.

The rats fed fresh fish and casein had similar growth
curves, while the DSF groups showed comparably lower
growth rates (Table 4). This phenomenon is correlated
with the feed intake and directly related to its salt
content. It appears that the extra 1.5% salt content of
the fresh fish group compared to the casein group did
not affect the preference of the rats to eat the diet. As
a result, the total feed intake and body weight gain of
rats in the two groups were not different. On the other
hand, the high salt content of the DSF diet (8.6—10.3%)
resulted in a salty taste that caused a reduced feed
intake. The fluctuation of the growth curve of rats fed
DSF, particularly during the first 6 days of the experi-
ment, indicates that the rats still needed some time to
adapt to the salty taste of the diet. Greger and Tseng
(1993) also found that rats fed supplemental chloride
or sodium had significantly reduced weights compared
with rats fed the basal level of cloride or sodium.

The protein quality based on growth and nitrogen
balance assays is shown in Table 4. As compared with
the casein or fresh fish group, only rats in the DSF II
group had significantly lower values of FCE, PER, and
NPR. With regard to BV and NPU, no significant
difference was seen between the fresh fish and DSF
groups. Even though the DSF groups had lower values
as compared with casein, their values of digestibility,
BV, and NPU were still more than 90%. Therefore, it
can be concluded from the rat bioassay that the high
salt content of DSF has no measurable effect on the
protein quality of DSF. This result is in agreement with
other studies that suggest salting and drying per se have
only a small effect on the nutritional value of fish
protein (Cutting, 1962). Although strong salt solutions
can denature proteins, this denaturation alone does not
appear to be harmful to the nutritional value of the
DSF. The present study shows that the strong salt
solution treatment only caused the loss of water and
salt-soluble proteins in the DSF, and this effect appears
to have little nutritional significance.

Results of our study indicate that a 3 month storage
period of DSF had no effect on its protein nutritional
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Table 5. Effect of Fresh and Dried-Salted Fish on
Weight of Internal Organs of Rats

internal organ® lactic casein freshfish DSFI DSFII
heart 0.36 0.38 0462  0.46°
(0.02) (0.04) (0.04) (0.03)
lung 0.47 0.47 0.51 0.54
(0.09) (0.06) (0.06) (0.08)
stomach 0.52 0.52 0.71¢ 0.72¢
(0.05) (0.05) (0.06)  (0.06)
small intestine 1.97 2.14 3.35¢ 3.69¢
(0.21) (0.21) (0.20) (0.21)
colon 0.30 0.24 0.52¢ 0.51¢
(0.05) (0.06) (0.09) (0.09)
liver 3.20 3.49 4.12¢ 4.39%
0.17) (0.20) (0.31) (0.29)
kidney 0.82 0.87 1.24¢ 1.39¢
(0.04) (0.06) (0.06) (0.14)
pancreas 0.28 0.26 0.32 0.38%
(0.06) (0.09) (0.08)  (0.09)
spleen 0.30 0.30 0.30 0.30
(0.04) (0.06) (0.04) (0.04)
testis 0.93 1.01 1.24¢ 1.32¢
(0.15) (0.09) (0.10)  (0.09)
cecum 0.75 1.14% 2.04% 1.46°
(0.18) 0.21) (0.68) (0.51)

¢ Gram of internal organs per 100 g of body weight. ¢ Statisti-
cally significant (p < 0.01) against casein group. ¢ Statistically
significant (p < 0.001) against casein group.

quality. During the salting process the high salt
concentrations around the fish resulted in the osmotic
transfer of water out of the fish and of salt into the fish.
The removal of water appears to limit bacterial growth
and enzyme activity, thus preserving the fish (Wheaton
and Lawson, 1985). Because of its low moisture content
(33%) and high salt content (23% wet basis), the DSF
can have a shelf-life expectancy of more than 6 months,
particularly if good packaging technique was used. This
condition is viewed as very desirable in geographical
areas such as Indonesia, where food distribution re-
quires transportation over long distances.

Salt purity is very important in the salt curing of fish
since purity strongly influences the physical character
and color of the cured fish. FAO (1981) suggested that
salt used for brining should meet the following
requirements: contain at least 96% NaCl (dry weight
basis), not more than 6% water, and less than 10 ppm
of iron and 1 ppm of copper. The NaCl used in the
present study was obtained from Wako Chemicals and
contains 99.5% NaCl and 2 ppm of iron. In Indonesia,
however, some traditional processors reuse the brines
for salting up to 20—30 times, which can result in high
levels of microbial and insect contamination, especially
during the wet season. This contamination usually
leads to fly infiltration during the fish processing, and
low-quality DSF is produced (Buckle et al., 1988). The
quality deteriorates even further if DSF is stored in a
poor condition.

Effect of DSF on Internal Organ and Serum
Biochemical Values of Rats. The effect of DSF on
the internal organs of rats is shown in Table 5. No
significant differences in the weights of the internal
organs occurred between rats fed casein and fresh fish,
except for the cecum. Rats fed DSF products, on the
other hand, experienced hypertrophy in almost all of the
internal organs. As can be seen in Table 5, cardiac
hypertrophy was induced by the source of protein with
a high salt content, since the feeding of DSF resulted
in significantly (p < 0.01) larger hearts than observed
in either the casein or fresh fish fed animals. It is also
seen that rats fed DSF had significantly (p < 0.001)
larger kidneys (g/100 g of body weight) than either the
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Table 6. Liver Composition of Rats Fed Casein and
Fresh and Dried-Salted Fish for 26 Days®

Astawan et al.

Table 8. Effects of Diets on Rat Mean Blood Pressure
after Feeding by 20% Level of Protein for 26 Days

g/liver
treatment liver (g)  moisture ash fat protein
casein 9.2 6.54 0.12 0.63 1.97
(0.6) (0.49) (0.01) (0.14) (0.07)
fresh fish 9.9 7.14 0.13 0.63 2.06
0.7 (0.26) (0.01) (0.12) (0.11)
DSF1I 9.0 6.60 0.12 0.44 1.82
1.0) (1.00) (0.02) (0.06) (0.31)
DSF II 8.9 6.36 0.12 0.52 1.76
0.7) (0.58) 0.02) (0.09) (0.19)

@ Values are means of eight replicates, with SD in parentheses.

Table 7. Effect of Diets on Serum Biochemical Values of
Rats Fed for 26 Days®

component in serum  casein fresh fish DSFI DSFII
total cholesterol 61.71 47.62 50.29 57.50
(mg/dL) (16.64) (6.54) (7.13)  (10.73)
HDL cholesterol 44.00 40.37 41.50 48.87
(mg/dL) (2.82) (6.48) (7.59) (8.41)

triglyceride (mg/dL) 59.87 71.37 27.37¢  37.62°

(13.41) (14.67) (8.08) (11.51)

total lipid (mg/dL) 247.57 246.87 200.75° 240.75
(35.72)  (22.30)  (28.90) (29.33)

glucose (mg/dL) 135.87 143.87 140.12 147.62
(19.67) (22.76) (13.78) (10.61)

BUN (mg/dL) 13.37 13.62 18.37° 21.62¢
(1.85) (2.61) (3.92) (2.87)

creatinine (mg/dL) 0.30 0.26 0.226 0.31
(0.00) (0.05) (0.04) (0.03)
creatine (mg/dL) 2.25 3.56 3.75% 4,495
(1.43) (1.01) (0.31) (0.59)

total protein (g/dL) 5.78 6.05° 5.75 5.89
(0.28) (0.23) (0.15) (0.19)

albumin/globulin 0.71 0.72 0.83¢ 0.79%
(0.04) (0.08) 0.07) (0.04)

albumin (g/dL) 2.39 2.52° 2.60° 2.60%
(0.14) (0.10) (0.11) (0.11)

GOT (IU/L) 104.17 102.86 106.40 161.80%
(17.96) (20.55) (17.11)  (40.89)

GPT (IU/L) 23.43 25.00 44.25¢ 55.400
(5.74) (4.75) (9.78) (23.17)

@ Values are means of eight replicates, with SD in parentheses.
b Statistically significant (p < 0.01) against casein group. ¢ Statis-
tically significant (p < 0.001) against casein group.

casein or fresh fish group. Since it had been proved
from the rat bioassay that the DSF quality, even though
after 3 months of storage, remained unchanged, the
hypertrophy of internal organs of rats fed DSF seems
to not be caused by the protein itself. It may be caused
by the high content of NaCl in DSF sample, as was
noted in studies on rats fed supplemental sodium or
chloride that resulted in induced kidney hypertrophy
(Kaup et al., 1991; Greger et al.,, 1993; Greger and
Tseng, 1993).

The chemical composition of the rats liver after 26
days of feeding period is shown in Table 6. No signifi-
cant difference of moisture, ash, fat, and protein con-
tents occurred among the groups. Although the con-
tents of NaCl in the DSF diets were significantly higher
than in the other groups, the ash content of liver was
the same for all groups. This indicates that there was
no accumulation of NaCl in the liver; therefore, the
sodium must have been excreted through the urine (see
also Table 10).

The effects of DSF on serum biochemical values of
rats are shown in Table 7. While the biochemical values
such as total and HDL cholesterol, glucose, and protein
remained unchanged, creatine and the ratio of albumin
to globulin (A/G) were significantly increased on rats

mean blood mean blood
pressure (mmHg) treatment pressure (mmHg)

lactic casein 136.83 £ 7.80 DSF1 181.07 + 0.81¢
fresh fish 137.93 £5.42 DSFII 180.39 £ 3.792

@ Statistically significant (p < 0.001) against casein group.

treatment

Table 9. Mineral Contents of Kidney of Rats Fed
Various Diets for 26 Days

mineral treatment group
(mg/100 g db) casein fresh fish DSF1I DSFII
Ca 533.70 415.80 436.12 434.44
Mg 147.89 105.41 104.74 113.54
K 1263.58 1027.27 986.91 998.10
Na 728.37 573.59 574.72 552.02
P 1542.25 1338.09 1338.15 1398.57
S 1100.60 954.11 986.45 1064.37
Mn 4.06 0.85 0.68 0.53
Fe 134.34 31.19 26.30 27.03
Zn 15.02 10.06 9.11 9.80
Cu 3.97 3.24 3.22 3.44
Al 7.74 3.21 3.07 4.02

fed DSF. On the other hand, triglyceride and total lipid
were significantly reduced in rats fed DSF.

Serum GOT and GPT were also significantly in-
creased in rats fed DSF compared to the casein group.
The increase in SGOT and SGPT and the enlargement
of the liver may imply physiological damage to the liver
of rats fed DSF. Further experiments relating to this
finding are necessary. Blood urea nitrogen (BUN), a
measure of kidney function, was also elevated among
rats fed DSF as compared with rats fed casein or fresh
fish. This can be understood since it correlates with the
hypertrophy of the kidney seen in the DSF groups.

Blood Pressure. The blood pressure of rats fed
casein, fresh fish, and dried-salted fish is shown in Table
8. It was observed that rats fed DSF had a blood
pressure 45 mmHg higher than did those in the control
groups. This result was not surprising, because it is
well-known that ingestion of excess NaCl causes hy-
pertension. The association between dietary salt (NaCl)
and blood pressure has been assumed to be related
primarily to the sodium content of salt (MacGregor,
1985; Tobian, 1991). Some investigators, however,
noted that the hypertensive effect of sodium chloride is
dependent on the concomitant presence of both cloride
and sodium ions (Koletsky et al., 1981; Whitescarver
et al., 1986). Greger and Tseng (1993) observed that
ingestion of excess chloride appears to induce hyperten-
sion in rats through its impact on kidney function. They
also conclude that dietary chloride has a more rapid and
greater effect on blood pressure than dietary sodium.

We must be careful, however, when we extrapolate
this result to humans, because people usually soak the
DSF in tap water prior to cooking. This simple method
is very effective in reducing the salt content of DSF.
During the present study it was shown that overnight
soaking of DSF in tap water reduced the NaCl content
from 23 to 8%. Thus, protein intake can be increased
by use of water-soaked DSF with less concern about
producing hypertension. Salt-sensitive individuals, how-
ever, would still be at risk of hypertension by its
consumption.

Mineral Composition of Kidney and Urine of
Rats. The mineral composition of the kidney is shown
in Table 9. There was no difference in the kidney
mineral composition between rats fed DSF I and II, but
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Table 10. Mineral Excretion in Urine of Rats Fed
Various Diets for 26 Days

mineral treatment group

(mg/day) casein fresh fish DSF1I DSFII
Ca 7.56 11.82 68.66° 64.12¢
Mg 0.63 0.67 6.25¢ 5.06
K 35.43 49.86 13.34¢ 12.49¢
Na 11.00 10.12 322.11% 286.25%
P 19.04 16.02 4.21e 4.76°
S 9.56 9.57 9.70 9.09
Mn 0.004 0.003 0.006¢ 0.05¢
Fe 0.02 0.03 0.48° 0.48%
Zn 0.03 0.04 0.26° 0.24¢
Cu 0.03 ND 0.28% 0.09
Al 0.08 0.06 0.77% 0.65%

e Statistically significant (p < 0.01) against casein group.
b Statistically significant (p < 0.001) against casein group.

when compared to the casein group, the kidney’s
mineral content for rats fed DSF was lower, because
some of the minerals were lost through the excretion of
urine.

The excretion of minerals through the urine (milli-
grams per day) is shown in Table 10. It is observed that
most of the minerals (Ca, Mg, Na, Mn, Fe, Zn, Cu, and
Al) are excreted at significantly higher rates in the urine
of rats fed DSF than in the other groups, but the
excretion of K and P of rats fed DSF was significantly
lower than in the casein group. Kaup et al. (1990),
Greger et al. (1991), and Greger and Tseng (1993) also
found that rats fed supplemental chloride excreted more
Ca and Mg in their urine.
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