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ABSTRACT

In the present study we postulated to prepare and evaluate the effect of adding mackerel fish (whole, dried)
and potatoes starch on body weight gain, food intake, food efficiency ratio, blood lipid profiles, glucose and
hemoglobin using normal rats. Male albino rats (n=21) were divided randomly into three groups each of seven
rats. One group fed on basal diet (control, (C)), the other two groups were fed on basal diet with (20% W/W)
mackerel fish (M) or (20% W/W) mackerel fish and (20% W/W) potatoes starch (MP). After 6 weeks, rats
were fasted over night and blood samples were collected. The nutritional evaluation including body weight
gain, food efficiency ratio and relative liver weight were measured to assess the nutritional value of the tested
diets. The determination of total lipids, total cholesterol, high, low density lipoproteins, and the ratio of high
density lipoprotein / low density lipoprotein, triglycerides, glucose and hemoglobin were done using the
certified methods. The results showed that food intake was significantly high in the rats fed on (MP diet) than
the M or C fed rats (675.6, 661 and 630 g/42 days, p<0.05, respectively).  No significant difference (p<0.05)
in body weight gain and food efficiency ratio were found between groups. Final body weight was non
significantly increased in rats fed on (MP diet) than the M or C fed rats (278.0, 275.9 and 268.3 g/42 days,
p<0.05, respectively). Liver weight and liver weight ratio of rats was non significantly raised in group fed (MP
diet) than the M or C. A significant decreasing was found in rats fed on (MP or M diets) than (C) diet in total
lipids (221.4, 223.7and 268.7 mg/dl, p<0.05, respectively), total cholesterol (39.9, 45.0 and 55.9 mg/dl, p<0.05,
respectively), low density lipoproteins (LDL) (18.4, 20.4.0 and 35.8 mg/dl, p<0.05, respectively), and
triglyceride (44.3, 46.5 and 62.4 mg/dl, p<0.05, respectively).There was significant increase in rats fed on (MP
or M diets) than the (C) diet in level of high density lipoproteins (HDL) (37.3, 32.5 and 24.4 mg/dl, p<0.05,
respectively).and the HDL / LDL ratio(2.012, 1.569 and 0.682, p<0.05, respectively). A significant decrease
was found in blood glucose level in rats fed (MP) diet than (M) and (C) diets (79.9, 90.2 and 96.8 mg/dl,
p<0.05, respectively). No significant effect was found between tested groups than the (C) diet in the
hemoglobin concentration. In conclusion, the present study concluded that using the combination of mackerel
fish and potatoes starch can make a healthy and good effect in the blood lipid profiles and glucose levels. It
can use safely to prepare some food products with health value.
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Introduction
 

Mackerel fish ( Scomber scombrus) is commonly consumed is Egypt especially in the poor communities.
Because of its sheep price, acceptable taste beside containing high content of proteins up to 60% dry weight
with 77% protein digestibility Karakoltsidis et al., (1995). Al-kahtani et al., (1998) determined the amino acids
levels of mackerel fish protein, they reported  that mackerel fish protein contains essential amino acids such
as Lysine and leucine at levels 10.6 % and 9.3 % respectively and non essential amino acids such as
Glutamic acid and Aspartic at levels 18.4 % and acid 12.5% respectively. Mackerel fish also has a high
content of total lipids up to 33 g/ 100g dry weight, including high content of saturated, unsaturated fatty acids
and ω-3 polyunsaturated fatty acids, 52 %, 31 %, and 17 % of total lipids, respectively, Karakoltsidis et al.,
(1995). ω-3 polyunsaturated fatty acids in fish plays an importing role in cardio-protective effect because it
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act as  antiarrhythmic, antithrombotic, anti-inflammatory, hypotensive and a hypolipidemic agent (Geleijnse et
al., 2002; and Connor, 2000). Connor et al., (1993), Illingworth and Schmidt, (1993) and Harris, (1996)
confirmed  the lowering effect of ω-3 polyunsaturated fatty acids rich fish on triacylglycerol (TAG) in normal
and hypertriglyceridemic humans and animals. Fish protein have been proved to reduce the plasma cholesterol
level in experimental animals when compared with casein (Shukla et al., 2006; Wergedahl et al., 2004; Jacques
et al., 1995; Zhang and Beynen, 1993; Iritani et al., 1985). Also a previous study done by Gudbrandsen et al.,
(2005) indicated a decrease in hepatic cholesterol concentration in obese Zucker rats by fish protein
hydrolysate.

Potato starch is a polysaccharide composed of a mixture of two biopolymers, amylose, a linear fraction,
and amylopectin, a highly branched fraction Ratnayake and Jackson, (2008). There is an absence of internal
lipids and proteins in potato starch granules li et al., (2006). Starch content in potatoes varies with cultivar
and plant growth stage, and ranges between 66% and 80% on a dry weight basis li et al., (2006). Potato starch
is an enzyme-resistant starch which is associated with the large granule size, higher phosphate content, B-type
crystalline, different chain length, and chain length distribution, as well as different molecular weight and
weight distribution, as compared to cereal and other starches Jane et al., (1997). However, when potatoes are
cooked for consumption, starch is gelatinized and becomes susceptible to hydrolysis by a-amylase Englyst and
Cummings, (1987). Resistant starch is not hydrolysed in the small intestine and enters the colon for
fermentation Englyst and Kingman, (1990). Resistant starch is one of non-digestible carbohydrates Nugent,
(2005) and could be as important as non-starch polysaccharides in promoting large bowel health and preventing
bowel inflammatory diseases, colorectal cancer Topping et al., (2003) and has a smaller impact on lipid and
glucose metabolism Nugent, (2005).

The effect of the combination of different starch sources and fish (whole) in lowering blood lipids,
cholesterols, triglyceride, low density lipoprotein and glucose has been tested by some researches Chezem et
al., (1997).

The objective of the present study was to examine the effect of mackerel fish in combination with potatoes
starch on the levels of plasma lipid profile, cholesterol, triglyceride, lipoproteins and glucose in rats.

Materials and methods

Materials:

Mackerel fish (Scomber scrombrus) was purchased from the local market Cairo – Egypt, then bone of fish
were removed, skin and flesh of fish was dried in  air vacuum oven at 40 ºc over night for three days then,
fish was ground to fine powder using an electric mill. The chemical composition of fish moisture, Protein and
fat were determined using the certified methods (A.O.A.C, 2000). Potatoes starch was purchased from Fluka
Chemie company, AG- CH- 9470 Buchs (cat. No. 85650).

Diets and animal experiment:

Twenty one male albino rats with an average weight of 100 g were obtained from the Animal House of
the National Research Center. All animals were housed individually in stainless steel cages and fed on a basal
diet for one week, and then divided randomly into three groups each of seven rats. Each of these groups was
allocated to one of three American Institute of Nutrition (AIN-93)-based rodent diets as shown in Table 1. One
group received a basal diet and served as a control group. The other two groups were fed on basal diet with
mackerel fish (20 %) and mackerel fish (20 %) and potatoes starch (20 %).

All diets were balanced to contain 12.0% protein, and 8 % fat, with adequate vitamins and minerals
provided by the AIN-93 formulation Reeves et al., (1993). The diets were prepared and stored frozen for the
duration of the experiment (6 weeks). The experimental diets given to the three groups are described in table
(1). Experimental diets and water were fed ad-libitum and feed intakes were recorded, body weights were
measured weekly, and food intake was measured twice weekly. Food efficiency ratios (FER) of the different
diets were calculated using the equation: FER = total food intake (g) / body weight gain (g) according to Smith
and Circle (24). At the end of the experiment rats were fasted over night and blood samples were collected
in heparinized tubes under slight diethyl ether anesthesia by open heart puncture, and centrifuged at 3000 rpm
for 15 min. The plasma was liquated and stored at -20 °C until used for analysis. 

The analysis of lipid parameters including total lipid, total cholesterol, triglycerides, high and low density
lipoproteins were measured. Measurements were done according to the methods of Draven and Schmite, (1964),
Richmond, (1973), Fossati & Prencipe, (1982), Lopes-Virella, (1997), Assmann et al., (1984), respectively. The
blood hemoglobin and glucose were measured according to the method of Betke & Savelsberg, (1950) and
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Hyvarinen & Nikkila, (1962) respectively.

Statistical Analysis:
Results are expressed as means ± standard errors of means (SE). Comparison between the means (of   diet

effects) was accomplished using a one-way ANOVA, followed by Duncan Multiple Range Tests for all
variables Duncan, (1955). Differences between groups were considered significant at p< 0.05.

Results

Table (2) showed that, food intake was significantly high in rat groups fed on (MP diet) than the M or
C diets fed rats (675.6, 661 and 630 g/42 days, p<0.05, respectively).  No significant difference (p<0.05) was
found in the rats fed the tested diets in food efficiency ratio and body weight gain. Final body weight was non
significantly increased in rats fed on (MP diet) than the M or C diets fed rats (278.0, 275.9 and 268.3 g/42
days, p<0.05, respectively) as presented in table (3). Liver weight and liver weight ratio of rats was non
significantly raised in group fed (MP diet) than the M or C diets (table (3)). Table (4) described the plasma
total lipids, total cholesterol, triglyceride and blood glucose. A significant decrease was found in rats fed on
(MP or M diets) than (C) diet in total lipids (221.4, 223.7and 268.7 mg/dl, p<0.05, respectively), total
cholesterol (39.9, 45.0 and 55.9 mg/dl, p<0.05, respectively) and triglycerides (44.3, 46.5 and 62.4 mg/dl,
p<0.05, respectively). A significant decrease was found in blood glucose level in rats fed (MP) diet than (M)
and (C) diets (79.9, 90.2 and 96.8 mg/dl, p<0.05, respectively).Table (5) showed the effect of tested diets on
blood hemoglobin, plasma high density lipoprotein (HDL), low density lipoprotein (LDL) and HDL/ LDL ratio
in rats. Low density lipoproteins (LDL) was significantly decreasing in rats fed on (MP or M diets) than (C)
diet (18.4, 20.4.0 and 35.8 mg/dl, (p<0.05), respectively).There was significant increase in rats fed on (MP or
M diets) than the (C) diet in level of high density lipoproteins (HDL) (37.3, 32.5 and 24.4 mg/dl, p<0.05,
respectively) and the HDL / LDL ratio (2.012, 1.569 and 0.682, p<0.05, respectively). No significant effect
was found between tested groups and the control diet in the hemoglobin concentration. 
Discussion:

In the present study we tested the effect of adding mackerel fish (20 %) and potatoes starch (20 %) to
basal diet of normal rats in plasma lipid profiles, blood glucose and hemoglobin. Before preparing the diets,
determination of moisture, total proteins and total lipids contents of dried mackerel fish were done using the
standard official methods (A.O.A.C, 2000). The moisture content was 65 %, total proteins were 60 g / 100
g dry weight basis and the total lipids were 24.9 g / 100 g dry weight basis. These results agree with what
Karakoltsidis et al. (1995) found except for the total lipid content was 33% and the moisture was 7o%. 

A control diet contains 15 % protein as casein (80 % protein), fat (8%) as corn oil. In mackerel fish diet
(second group) we replaced casein by the dried mackerel fish (20 %) to reach 12 % protein as same as control
diet; lipid was 4% from dried mackerel fish and 4 % as corn oil. Also dried mackerel fish (20 %) was added
to the third group, lipids content were as the same as the second group. 20 % of potatoes starch was added
to the diet subtracted from the corn starch (table 1).

Effect of tested diets on growth parameters:

Feeding the experimental diets were non significantly increased final body weight, liver weight and relative
liver weight in rats fed MP diet compared with M and C diets fed rats(p<0.05). A significant increase in food
intake was observed in rats fed on MP diet than the M and C diets fed rats (p<0.05). Food efficiency ratio
and body weight gain did not affect by the tested diets. Results of nutritional evaluation in the present study
are agreed with the results reported by Suprijana et al., (1997).

Effect of tested diets on plasma lipid levels:

The health benefits of fish consumption as reported by Sidhu, (2003) are due to its content of proteins,
unsaturated essential fatty acids and polyunsaturated fatty acids (PUFAs) especially omega-3 PUFAs. In the
present study we study the effect of the whole mackerel fish and the potatoes starch on the plasma total lipids,
total cholesterol, HDL, LDL, and triglyceride. Rat groups fed with both of tested diets showed significant
decrease in total lipids, total cholesterol and triglyceride compared with the basal control diet. Rat groups fed
with both of tested diets showed significant decrease in low density lipoprotein (LDL) and triglyceride
compared with the basal control diet.

There was significant increase in high density lipoprotein (HDL) and the HDL / LDL ratio in rats fed with
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mackerel fish and mackerel fish with potatoes starch. The present results are agreed with the results provided
by Wergedahl et al., (2009). They studied the effect of the combination of fish oil and the fish protein
hydrolysate in plasma cholesterol of high fat fed rats and they found that the combination of fish oil and fish
protein hydrolysate reduced significantly the plasma cholesterol and triglyceride than the rat groups fed either
fish oil or fish hydrosate alone. Kritchevsky et al., (1982) demonstrated a hypo-cholesterolemic effect of fish
protein in rabbits also in comparison with casein when combined with a high-sucrose diet, the variations
observed in serum cholesterol levels when rats are fed fish protein combined with different carbohydrate
sources and suggest that proteins and carbohydrates may act together in the regulation of cholesterol
metabolism. Elevation in serum triglycerides has been observed in rats fed sucrose-rich diets. Comparative
studies made of either sucrose- or starch-containing diets demonstrated that the sucrose-induced
hypertriglyceridemia resulted primarily from increased hepatic lipogenic capacity. That sucrose is an insulin
secretagogue is already well known (Cameron-flake and Manchester, (1985). Hurley et al., (1995) confirmed
that the combination of dietary proteins and carbohydrates may influence lipid metabolisms. Suprijana et al.,
(1997) studied the effect of the combination of dietary fish oil and different dietary fibers (cellulose and pectin)
on plasma lipoprotein and plasma cholesterol.The results of this study confirm the hypocholesterolemic effect
of fibers like pectin and the hypotriglyceridemic effect of fish oil. Further, there were effects on plasma
lipoproteins, diets with fish oil and fiber reduced LDL and increased HDL. Also the results agreed with
Topping et al, (1990) study when fed rats on diets with rice bran and fish oil. They found that rat plasma
triglycerides were lowered when the diet contained rice bran and fish oil.

Table 1: Ingredients used in tested diets (g / 100g).
Ingredient Diet 1 Diet 2 Diet 3

---------------------------------------------------------------------------------------------------------------------------
Control Mackerel Mackerel & potatoes

Mackerel 20 20
Casein a 15 - -
Sucrose 10 10 10
corn oil 8 4 4
AIN-93 minerals* 3.5 3.5 3.5
AIN-93 vitamins* 1 1 1
Fiber (cellulose)* 5 5 5
L-cystine 0.18 0.18 0.18
Choline bitartrate 0.25 0.25 0.25
Potatoes starch - - 20
Cornstarch 57.07 56.07 56.07
Total 100 100 100
All diets containing 12% protein. Casein has 80.0% protein.
*Vitamin and Salt mix. According to Reeves et al., (1993). 

Table 2: Food intake, body weight gain and food efficiency ratio in rats fed on tested diets.
Parameter Control Mackerel Mackerel & Potatoes starch
Food intake, g/42 d 630±28.5 b 661±19.7 ab 675.6 ±36.6 a

Body weight gain, g/42 d 164.1 ± 12.1 a 155.1 ± 17.2 a 149.7±11.4 a

Food efficiency ratio 0.260 ±0.003a 0.235±0.001 a 0.220±0.001a

Mean values with different letters in each testing parameter were significantly different (P<0.05).

Table 3: Final body weight, liver weight and relative liver weight in rats fed on tested diets.  
Parameter Control Mackerel Mackerel & Potatoes starch
Final body weight( g/42 d) 268.3 ± 16 a 275.9 ± 18 a 278.0 ± 14 a

Liver weight (g) 7.0 ± 0.9a 7.4 ± 0.3 a 7.5± 0.6 a

Liver/final body  weight ( g/100 g) 2.6 ± 0.1 a 2.7 ± 0.08a 2.7 ± 0.2a

Mean values with different letters in each testing parameter were significantly different (P<0.05).      

Table 4: Plasma total lipids, total cholesterol, triglyceride, glucose and in rats fed on tested diets.
Parameter Control Mackerel Mackerel Potatoes starch
Total lipids (mg/dl) 268.7 ± 2.2 a 223.7 ± 1.2 b 221.4 ± 1.5 b

Total cholesterol (mg/dl) 55.9 ± 8.8 a 45.0 ± 8.8 b 39.9 ± 9.5 b

Triglycerides(mg/dl) 62.4± 1.5 a 46.5± 2.0 b 44.3 ±1.0 b

Glucose (mg/dl) 96.8 ± 5.5 a 90.2±1.2 a 79.9± 2.0 b

Mean values with different letters in each testing parameter were significantly different (P<0.05).      

Table 5: Blood hemoglobin, plasma HDL, LDL and HDL/ LDL ratio in rats fed on tested diets.
Parameter Control Mackerel Mackerel & Potatoes starch
Hemoglobin (g /dl) 15.2 ± 2.6 a 16.2 ± 1.4 a 15.7 ± 1.3 a

HDL (mg/dl) 24.4 ± 1.1 b 32.0 ± 2.1 a 37.0 ± 2.6 a

LDL (mg/dl) 35.8± 1.0 a 20.4 ± 1.5b 18.4 ± 0.8 b  
HDL / LDL ratio 0.682 ± 0.03 c 1.569 ± 0.01 b 2.012±0.02 a

Mean values with different letters in each testing parameter were significantly different (P<0.05).
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Effect of tested diets on blood glucose:

The most important Poly Unsaturated Fatty Acids, especially eicosapentaenoic acid (EPA) (20:5, n-3) and
docosahexaenoic acid (DHA) (22:6,n-3), which are found mainly in fish and absent in animals and plants Din
et al., (2004). n-3 fatty acids plays an important role in  prevention, controlling type 2 diabetes and insulin
resistance Storlien et al., (1998). The effect of fish and resistant starch in reducing the blood glucose level
were previously studied (Fuentes-Zaragoza et al., 2010; Sharma et al., 2008). Recent interest has been focused
towards the usage of plant-derived materials as means to manage diabetes. Hurley et al., (1995) studied the
effect of dietary proteins and carbohydrates on lipid and glucose metabolisms in rats fed low-fat high
carbohydrate purified varying in both protein (20%) and carbohydrate (60%) sources consisting of either casein-
cornstarch, casein-sucrose, soy protein-cornstarch, soy protein-sucrose, cod protein-cornstarch, or cod protein-
sucrose. they concluded that combination of dietary proteins and carbohydrates may influence lipid and glucose
metabolisms. The present study showed a significant decreased in the rat group fed with the diet with mackerel
fish and potatoes starch in plasma glucose concentration than the rat group fed with the basal diet or mackerel
fish diet, our findings are agreed with the previous mentioned studies.

Conclusion:

The present study concluded that the use of mackerel fish and the combination of mackerel fish (20%)
and potatoes starch (20 %) has a hypocholesterolemic, hypotriglyceridemic effects. After some modifications
for mackerel fish and potatoes starch mixture we recommended using the present mixture as a functional food
in form of soup or snacks like chips.
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