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ABSTRACT

With the increase of attention being paid today to the positive
physiological benefits that may occure from consumption of special food
products, the present study aims to cvaluate the use of rice germ powder, as a by-
product of the rice mashing to produce biscuit. Also, proximate analysis of raw
material and biscuit, sensory evaluation and rheological properties were
determined. In addition, the biological effects of these products on
hypercholesterolemic rats were also studied.

The obtained results showed that rice germ is rich in crude protein (18.97%),
total lipid (20.89%) and total carbohydrate (43.93) but crude fiber and ash amounted
t0 9.75 and 6.41%, respectively. However, manufactured biscuit fortified with 25%
rice germ had a higher amount of crude protein (10.26%).

The reheological properties showed that the addition of 25% rice germ to
wheat flour (72% ext.) lowered the stability and increased the weakening of the
dough making it more suitable for biscuit production. The obtained results
indicated that the fortified biscuit had good quality, high nutritive value and
storage stability.

The results indicated that the rats which fed on biscuit diet containing
rice germ powder had the highest values of body weight gain, food intake and
feed efficiency when compared with rats fed hypercholesterolemic diets.
Therefore, that the rats fed on the above diets had the highest significant decrease
in total cholesterol, HDL-cholesterol and triglycerides when compared with the
hypercholesterolemic rats.

Also, the results showed that improving of transaminase activity
enzymes (aspartate and alanine transferasc; AST and ALT) and kidney functions
in rats fed on hypercholesterolemic diets.

INTRODUCTION

Rice is the main cereal crop of Asia and it is the basis of the diet of half
world's population. All rice is milled before consumption, producing hull, bran
and germ. Rice brain and rice germ are rich in protein, lipids, dietary fiber,
vitamins and minerals. These qualities lead to a high demand for them as feed
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(Barber and Benedito de Berber, 1985; Juliano, 1985 and Saunders, 1990).
Cultivated area in Egypt averaged more than 1534000 feddan for grain rice
produced 6375000 tons with an average 4.155 ton per feddan (Bulletin of
Agriculture Economics, Ministry of Agriculture, Egypt, 2005).

Rice germ is produced as by-product of the rice and less abundant than
rice bran. Rice germ is characteristically richer in proteins (17.3-26.4%) and fat
(16.6-39.8%) but lower in fiber (1.98-15.10%) than bran (Luh ef al., 1991).

Rice germ produced has a significant cholesterol reduction in moderately
hyperlipidemic subjects consuming their usual product diet, and the decline in
cholesterol was entirely due to decrease of low density lipoprotein cholesterol
(LDL-C) levels (Gerhardt and Gallo, 1989 and Nicolosi ef al., 1991).

El-Tanahy ef a/. (1990) indicated that rice germ contained 7.10% moisture,
31.50% protein, 20.80% fat, 9.6% ash, 5.10% fiber and 33.0% carbohydrate (on dry
weight basis).

Also, Aly (1993) found that rice germ contained 11.30% moisture,
28.93% protein, 1.13% fat, 8.83% ash, 11.40% fiber and 49.71%, carbohydrate.

Bekheit (1993) found that rice germ contained 8.93% moisture, 25.12%
protein, 17.24% ether extract, 33.91% carbohydrate, 7.63% ash and 7.27% fiber.
Also, he added rice germ powder with amounts of 10, 20 and 40% (on dry weight
basis) for the production of two types of biscuit (medium and high fat biscuit) to
wheat flour (72% ext.). He found that addition of rice germ to wheat flour did not
cause any deleterious effects on the organoleptic properties. The fortified biscuit
maintained good quality, high nutritive value and good storage stability.

Slavin et al. (2000) stated that rice whole grains are rich in many
components, including dietary fiber, starch, fat, antioxidant nutrients, minerals,
vitamins, lignins and phenolic compounds, all of which have been linked to
reduce risk of cancer and most of these components are found in the germ and
bran which are removed in the refining process.

Dawoud et al. (2003) evalvated of high-fiber biscuit quality which
produced by using different materials such as wheat bran, com bran, rice hull,
orange peel, pea hull, soybean hull and sugar beet pulp before and after modified.
They found that biscuit formulated to contain all raw and modified high-fiber
sources at 4 and 8% levels of replacement were nearly similar to control biscuit in
all biscuit quality measurements.

Mostafa (2004) determined the chemical composition of rice germ and
showed that it contained 13.2% moisture, 16.35% crude oil, 10.5% protein, 8.5%
fiber, 13.15% ash and 51.5% carbohydrate.

This work aims to the evaluation of rice germ powder to produce biscuit,
sensory and rheological properties were measured. Therefore, the biological
parameters of these products on hypercholesterolemic rats were also determined.
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MATERIALS AND METHODS

1. Materials:

Rice (Oryza sativa) germ was obtained from El-Obour Mill, Desoug,
Kafr El-Sheikh, Egypt. Commercial wheat flour (72% ext.) was obtained from
South Cairo Mills Comp., Fysal, Giza, Egypt.

2. Chemical analysis:

Moisture, ash, total lipid and crude fiber contents were determined
according to A.O.A.C. (2000). Total nitrogen was measured by micro-Kjeldahl
method (A.O.A.C., 2000). The crude protein was calculated by multiplying the
total nitrogen by a factor of 5.9 for rice germ but 5.75 for biscuit. Total
carbohydrate was determined by difference.

3. Technological characteristics:

The rheological properties of wheat flour (72% ext.), fortified with 25%
rice germ doughs were carried out with farinograph and extensograph tests
according to the methods outlined in A.A.C.C. (1995).

4, Biscuit manufacturing:

Rolled Marie biscuit was prepared according to the method described by
Wade (1988). The ingredients of rolled Marie biscuit (Table 1) then the biscuit
was baked at 180°C for 12 min, kept at room temperature for 75 min. The sensory
characteristics of biscuit was evaluated according to the method of Monhar and
Rao (1997) for taste, texture, colour, flavour and appearance (score 20 for each)
by using 10 experienced panelists from the staff of the Foods Science, Fac. of
Agric. Moshtohor, Benha Univ.

Table (1): Ingredients of rolled Marie biscuit made with different levels of

Biscuit with rice germ

80% 75% 70%

20% 25% 30%

34%

27%

0.8%
1.43%
11.2%

0.2% f

5. Biological experiment:

A total of twenty four male albino rats weighing 140-190 g were used.
The rats were obtained from the Farm of Central Organization of Serum and
Vaccine (Abasia Farm), Egypt. Rats were allowed to be acclimatized to
laboratory condition for two weeks prior to the experiment and fed on basal diet.
After the adaptation period, the rats were divided into four group. The first group
(control) was fed on basal diet. The second, third and fourth groups were fed on
hypercholestcrolemic diet with different diets (Table, 2).
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The actual weight of food intake was calculated and feed efficiency was
determined. The rats were weighed weekly 1o determine body weight gain. After
the end of experimental period (45 days), the blood samples were collected from
orbital plexus with heparinized capillary glass tubes then centrifuged at 3000 rpm
for 20 min to obtain the serum and kept frozen until analysis.

Table (2): Com

Jrees

6. Determiunation of biological parameters:

Serum total cholesterol (Allain ef al., 1974) and total triglycerides
(Fossati and Prencipe, 1982) were estimated by using total cholestero! kit and
triglycerides kit, respectively. Serum HDL-cholesterol was determined by the
method of Lopes-Virella ef al. (1977), while LDL-cholesterol was calculated
according to the equation of Steinberg (1981).

Enzymes activity of aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) were determined colorimetrically according to the
method described by Reitman and Frankel (1957). Alkaline phosphatase (ALP)
enzyme activity was determined acoording to Hausamen ef af. (1967). Urea in the
serum was determined according to Fawcett and Soctt (1960) and creatinine was
estimated according to the method described by Bartles ef al. (1972).

Uric acid in the serum was determined according to the method
described by Haisman and Muller (1977).

Total protein and albumin in serum were determined according to the
method described by Doumas ef al. (1971), but serum globulin was calculated by
subtracting the amount of albumin from total protein.

7. Statistical analysis:

Statistical analysis of the obtained data was done by using the procedure
outlined by Gomez and Gomez (1984). The treatment means were compared
using the least significant difference test (LSD) at the 5% level of probability as
outline by Waller and Duncan (1969) using SAS institute program (SAS, 1996).
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RESULTS AND DISCUSSION

Chemical composition of rice germ and fortified biscuit:

The results in Table (3) show the chemical composition of crude rice
germ and biscuit by wheat flour (72% ext.) supplemented with 25% rice germ
powder.

Rice germ is less abundant than that on bran. Since rice germ is
characteristically richer in protein (18.97%) and fat (20.89%) but lower in fiber
(9.75%). Also, the results indicated that, rice germ contained 11.13% moisture,
6.41% ash and 43.93% carbohydrate (on dry weight basis).

Also, biscuit of wheat flour (72% ext.) supplemented with 25% rice
germ was determined for chemical components, (Table, 3). These results showed
that the biscuit contained 4.02, 10.26, 12.8, 4.58, 2.16 and 70.02% for moisture,
crude protein, total lipid, crude fiber, ash and total carbohydrate, respectively.

While, total dietary fiber content of rice germ was found to be 28.15%
which contained 25.92% insoluble dietary fiber and 2.23% as soluble dietary
fiber.

These results is in accordance with the findings of El-Tanahy et al.
(1990), Bekheit (1993) and Mostafa (2004).

Table (3): Chemical composition of rice germ and biscuit produced from rice

o .
Components (%) Crude rice germ rice germ

Moisture (%) 11.13 4.02
Crude protein (%)* 18.97 10.26
Total lipid (%)* 20.89 12.80

Crude fiber (%)* 9.75 4.58
| Ash (%)* 6.41 2.16
’ Total carbohydrate (%)* 43.93 70.02
| Total dietary fiber (%)* 28.15
| Insoluble dietary fiber (%)* 25.92

 Soluble dietary fiber (%) 2.23
* on dry weight basis.

Effect of addition of rice germ powder on the rheoclogical properties of
biscuit manufacturing:

The rheological properties of biscuit dough made using wheat flour
supplemented by 25% rice germ are presented in Table (4) and Figs. (1a, b).

The farinograph propertics of biscuit dough indicated that, water
absorption was increased from 53.7 with wheat flour to 62.1 with biscuit
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containing 25% rice germ. Also, the arrival time, dough development time and
dough weakening were increased of biscuit with rice germ when compared with
wheat flour only but lowered dough stability from 7.0 to 6.0 min (Table, 4 and
Fig., la).

From the above results, it can observed that the addition of rice germ
powder to wheat flour (72% ext.) have a deleterious effects in dough quality
because of its protein is not gluten and contains glutathione which acts as a strong
reducing agent and can influence dough properties. (Bekheit, 1993).

On the other hand, the extensograph results of the tested samples are
presented in Table (4) and Fig. (Ib). The resistance to extension (R), dough
extensibility (E), proportional number (R/E) and dough energy values of dough
without rice germ were 595 B.U., 150 mm, 4.0 and 154 cm?, respectively. These
values for biscuit dough fortified with 25% rice germ were 360 B.U., 60 mm, 6.0
and 35 cm?,

From the obtained results indicated that biscuit fortified with rice germ
are recommendable food especially for children needing protein. Such results are
- in partial agreement with those reported by Bekheit (1993) and Dawoud et al.
(2003).

Table (4): Effect of addition of rice germ powder to wheat flour (72% ext.)
on the farinograph and extensograph tests.

Farinograph properties

Dough
exteasibility
E (mm)

5
| <
E

Dough weaking
(B.U)

J—

Sensory characteristics of biscuit supplemented with different levels of rice
germ;

Sensory evaluation of biscuit prepared using wheat flour supplemented
at different levels i.e. 20, 25 and 30% of rice germ were measured and the mean
values are presented in Table (5). Samples of the produced biscuit were evaluated
by ten experienced panelists working in Food Science, Faculty of Agriculture,
Moshtohor. From the obtained results, total scores of color, texture, flavor,
appearance and taste were 92.2, 93.3 and 89.0 with different levels of 20, 25 and
30% rice germ, respectively when compared with the control (93.9). Also,
panelists described the biscuit with 25% rice germ was found to be very good for

texturc and taste and excellent for color, appearance and flavor.
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Wheat flour (72% cxt.) 75% wheat flour + 25% rice germ

Fig. (1a): Farinograph characteristic of wheat flour (72% ext) and wheat flour
mixed with rice germ powder (75 : 25)

75% wheat flour + 25% rice germ

-~ ® » o - o~ m - «

Wheat flour (72% cxt.) '

Fig. (1b): Extensograph charactcristic of wheat flour (72% cxt) and wheat flour
mixed with rice germ powder (75 : 25)
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Table (5): Sensory characteristics of biscuit fortified with different levels of
rice germ.

Product

Overall
ptability}

Wheat flour 72%
ext. (control)

“ lacce

=3

Biscuit with 20%
rice germ
Biscuit with 25%
rice germ
Biscuit with 30%
rice germ

From the above-mentioned results, it can be observed that, all types of
the produced biscuit with different levels of rice germ have satisfactory grade for
all sensory characteristics and similar results were obtained with those reported
by Bekhit (1993) and Dawoud ef al. (2003).

Biological effects of rice germ powder and manufactured biscuit using (25%)
rice germ on hypercholesterolemic rats:
Effect on body weight gain, food intake and feed efficiency:

The produced biscuit with 25% rice germ powder and rice germ powder
were incorporated in a diet for hypercholesterolemic rats. Table (6) shows the
mean values of initial and final body weight, body weight gain, food intake and
feed efficiency. The obtained data showed that rats fed normal basal diet had the
highest body weight gain (53.80 g), while rats fed hypercholesterolemic diet had
the lowest body weight (19.40 g). On the other hand. the body weight for rats diet
containing made biscuit using 25% rice germ powder had the same value
(30.40 g) when compared with rats diet rice germ powder (29.60 g).

From the same Table, it could be seen that rats fed normal diet had the
highest mean values of food intake and feed efficiency (479.92 g and 0.112 gain/g
feed) than that of rats fed hypercholesterolemic diet (348.24 and 0.055 g gain/g
feed). The other group of rats fed diet containing biscuit fortified with 25% rice
germ had the lowest mean values of food intake and feed efficiency than that rats
fed basal diet. While, the last group of rats fed diet containing rice germ powder
had the highest food intake (560.25 g) when compared with rats fed normal basal
diet and hypercholesterolemic rats. From the above results, it could be concluded
that the addition of 25% rice germ powder to wheat flour (72% ext.) improved the
body weight, food intake and feed cfficiency relative to hypercholesterolemic
rats, but they still had lower values when compared with rats fed normal diet.
This is may be due to the good nutritional value of rice germ. These results are in
same manner with that reported by Nicolosi ef al. (1991) and Slavin et al. (2000).
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Table (6): Effect of experimental diets on body weight gain, food intake and
feed efficiency ratio of hypercholesterolemic rats at the end of
experimental

it

Treatments

Initial body }
wei

Basal diet (controf)

..
b8
3

Hypercholesterolemic
diet

Hypercholesterolemic +
biscuit with rice germ

powder

Hypercholesterolemic +
rice germ powder
L.S.D. at 0.05
Feed efficiency = Body weight gain/food intake F.E.R. = Feed efficiency x 100

a, b, ¢ & d: There is no significant difference between any two means, with the
same attribute, have the same letter (P > 0.05).

Effect an argan weights:

The weights of liver, kidney, heart, spleen and brain of rats fed basal
diet, biscuit containing (25%) rice germ powder and rice germ powder are
tabulated in Table (7). From these results, it could be observed that the weights of
organ were 7.95, 2.88, 0.69, 0.57 and 2.19 g, respectively for rats fed basal diet.
While, the mean values of these organ weights had highest values for liver and
spleen with rats fed hypercholesterolemic diet and lowest values for kidney, heart
and brain when compared with rats fed basal diet. On the other hand, rats fed
biscuit fortified with (25%) rice germ and rice germ powder had lowest mean
values of organ weights (except heart) than that of hypercholesterolemic rats and
control group. The obtained results are in agreement with those reported by
Nicolosi et al. (1991) and Slavin et al. (2000).

Effect of biscuit diets containing rice germs on total cholesterol levels of
hypercholesterolemic rats:

Table (8) shows the total cholesterol levels at different periods i.e. 15, 30
and 45 days, of rats fed basal diet, hypercholesterolemic diet and biscuit diets
containing 25% rice germ and rice germ powder. From these results, it could be
found that the total cholesterol content in rats fed basal diet were 122.45, 125.81
and 125.60 mg/100 ml after 15, 30 and 45 days, respectively if compared with
zero time (121.05 mg/100 mi). On the other hand, total cholesterol levels were
(305.36, 301.26, 297.45 and 280.58 mg/100 mi), (290.90, 218 42, 204.50 and
186.58 mg/100 ml) and (280.14, 189.90, 186.50 and 176.84 mg/100 ml) in rats
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fed hypercholesterolemic diet and biscuit with 25% rice germ and rice germ
powder at zero time, 15, 30 and 45 days, respectively. These results indicated that
the addition of different levels of rice germ to hypercholesterolemic rats improved
the health of rats and decreased the total of cholesterol compared with
hypercholesterolemic diet (Nicolosi ef al., 1991).

Table (7): Effect of biscuit containing rice germ oa weight organs of
hypercholesterolemic rats at the end of experimental period (45

days).
il ; = -
Treatments body |- Liver |Kidney| Heart | Spleen | Brain
weight (g) g g g g g
2342% | 7.95% | 288 | 069" | 0.57 | 2.19°
Basal diet
+4.96 | 2071 [ £0.19 | £0.04 | £0.24 | £0.30
195.8° | 859 | 1.56° | 0.55> | 0.70* | 1.83*
Hypercholesterolemic diet

+535 | 220 | %0.21 | £0.11 | £0.10 | +0.20

Hypercholesterolemic  +
biscuit with rice germ

208.4% | 7.02*¢| 1.18¢ | 0.67% | 0.58° | 1.37
+526 | £1.09 | £0.18 | £0.07 | +0.08 | £0.15

powder

Hypercholesterolemic + [ 214.8° | 7.06° | 130 | 0.67* | 067" | 1.32°
rice germ powder +3.70 +1.60 | £0.14 | £0.10 | £0.14 | £0.19
L.S.D. at 0.05 7304 | 1534 | 0244 | 0.103 | 0.160 | 0.269

a, b, c & d: There is no significant difference between any two means, with the
same attribute, have the same letter (P > 0.05).

Table (8): Effect of biscuit containing rice germ on total cholesterol levels of
hypercholesterolemic rats during the experimental period (45

Total cholesterol levels  (mg/100 ml)

After 18 After 30 After 48
_days days days |
121.05° 122.45° 125.81¢ 125.60°
+12.23 +]12.72 +11.90 +7.49
305.36" 301.26" 297.45* 280.58"
+12.00 +5.86 +10.07 +10.17

Zero time

290.9% 218.42° 204.50° 186.58°
+12.49 +14.15 +10.17 +6.44

| Hypercholesterolemic + | 280.14° | 189.90° | 186.50° | 176.84%
rice germ powder +12.06 +5.85 +14.50 46.93
|L.S.D.at00s 17.845 | 13935 | 17287 | 12770
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Effect of biscuit containing rice germ on serum triglycerides, cholesterol and
risk ratio;

The effect of feeding of rats on the diets containing biscuit made with
rice gerin on the levels of serum triglycerides, total cholesterol, HDL~cholesterol,
LDL~cholesterol and risk ratio are presented in Table (9). From the obtained
results it could be seen that the hypercholesterolemic rats had the highest mean
values of triglycerides, total cholesterol, LDL-cholesterol and risk ratio (230.80,
280.58, 193.22 mg/100 ml and 5.60, respectively when compared with rats fed
basal diet (120.26, 125.60, 29.90 mg/100 ml and 1.75). While, HDL-cholesterol
was found to be lower value (41.18 mg/100 ml) as compared with that rats fed
normal diet (71.64 mg/100 ml).

On the other hand, feeding rats on diet containing biscuit had lower
values of serum triglycerides, total cholesterol and LDL-cholesterol amounted to
159.74, 186.58 and 90.89 mg/100 ml for biscuit supplemented with 25% rice
germ powder, respectively. While, mean values for rice germ powder were
150.62, 176.84 and 87.13 mg/100 ml, but HDL-cholesterol levels of these group
were 63.74 and 59.58 mg/100 ml, respectively. Also, risk ratios (total
cholesterol/HDL-cholesterol) of hypercholesterolemic rats was higher (5.60) than
that of rats fed diets containing biscuit with 25% rice germ powder or rice germ
powder, where the ratios were 2.51 and 2.53, respectively.

From the above results, it can be observed that the rats feeding biscuit
made with 25% rice germ or rice germ powder reduced triglycerides percentage
from 191.92% to 132.83 and 125.25%, respectively. The relatively reduction
values of total cholesterol were found to be 223.39, 148.55 and 142.39% in
hypercholesterolemic rats and rats fed diets biscuit supplemented with 25% rice
germ and rice germ powders, respectively.

These results are in agreement with those reported by Gerhardt and
Gallo (1989) and Slavin e al. (2000).

Effect of experimental diets on serum total protein, albumin, globulin, alkaline
phosphatase (ALP) and transaminase enzymes of hypercholesterolemic rats
after 45 days:

The obtained data are tabulated in Table (10). Alanine transaminase
(ALT) and aspartate transaminase (AST) enzymes most commonly indication to
liver functions. From these results, it could be seen that the hypercholesterolemic
rats had the highest mean values of total protein, albumin, globulin, ALP, AST
and ALT than that of rats fed normal diet. While, rats fed biscuit with 25% or rice
germ powder almost had the same values with rats in control group after 45 days.
However, ALP, AST and ALT enzymes activity were (90.40 and 94.14 U/L),
57.34 and 64.13 U/L) and (28.26 and 21.42 U/L) for biscuit made containing 25%
rice germ powder and rice germ powder, respectively when compared with
hypercholesterolemic rats (124.78, 75.65 and 52.16 U/L), but the two enzymes
(AST and ALT) almost gave the same mean values with rats fed on control diet.
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Table (9): Effect of biscuit containing rice germ on serum triglycerides, total
cholesterol, HDL- and LDL-cholesterol of hypercholesterolemic
rats after 45 days.

Treatments

Risk ratio |
TC/HDL-chol §

Basal diet (control)

Relatively (%)
Hypercholesterolemic
diet

Relatively (%)
Hypercholesterolemic +
biscuit with rice germ

powder
Relativcly (%)

Hypercholesterolemic +
rice germ powder
Relatively (%)

LS.D. at .05

Table (10): Effect of experimental diets on total protein, albumin, globulin,
alkaline phosphatase (ALP) and transaminase enzymes (AST
and ALT) of hypercholesterolemic rats after 45 days

Total . .

Albumin | Globulin
protein ALP | AST (| ALT
Treatments (/100 (g/100 (g/100 UL UL UL

ml) ml)
mDu
. 5.99 3.597 2.40 82.32° | 54.71° ] 24.50™
Basal diet 3077 | 2019 | 072 | 2485 | 2.26 | +1.90
Hypercholesterolemic | 7.27 45T 270" |124.78"[ 75.65" | 52.16"
diet +0.74 +0.35 +0.41 +7.04 | £590 | +2.24
Hypercholesterolemic | 5.60° | 3.56> | 2.04° | 9040° [57.342826
+ biscuit with rice +0.57 +0.16 +0.58 +207 | £3.60 | £1.66
erm powder

Hypercholesterolemic | 5.92" 330° | 262 94.14° T64.13° [ 21.42°
fl + rice germ powder 10.69 +0.14 +0.28 | £6.07 | £4.60 | £2.39
L.S.D. at 0.05 0.939 0.249 0.686 | 7.548 | 5473 | 3.702

The obtained results are in agreement with that reported by Nicolosi et
al. (1991) and Slavin et al. (2000).

Effect on serum urea, uric acid creatinine:

Data of kidney functions (urea, uric acid creatinine, respectively), of
hypercholesterolemic rats fed diet containing rice germ afier 45 days of
experimental period are presented in Table (11). The hypercholesterolemic rats
had the highest values of these parameters (65.56, 6.24 and 1.75 mg/100 ml) than
that of rats fed basal diet (46.10, 3.57 and 0.85 mg/100 mi) for last functions,
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respectively. Also, rats fed diet biscuit containing (25%) rice germ had the lowest
values of wurea, wuric acid and creatinine when compared with
hypercholesterolemic rats.

From this study, it concluded that the diets containing rice germ reduced
serum triglycerides, total cholesterol and HDL-cholesterol in the
hypercholesterolemic rats. Also, a significant reduction in serum alkaline
phosphate (ALP), aspartate transaminase (AST) and alanine trensaminase (ALT)
enzymes had been occurred. The obtained results indicated that there is
improvement in liver and kidney functions.

The obtained above-mentioned results reveal that by incorporation of
rice germ at suitable levels, it is possible to formulate biscuit that would cater to
the therapeutic needs of various targeted population such as diabetics and persons
suffering from coronary heart disecases. More studies should be carried out to
confirm the obtained conclusions.

Table (11): Effect of experimental diets on serum urea, uric acid and
creatinine contents of hypercholesterolemic rats after 45 days.

Teatmens o ’ I » Uc acid Creatinine
(mg/100 ml) | (mg/100 ml) {(mg/100 ml)
‘ . 46.10° 3.57° 0.85°
| Basal diet +4.05 £0.53 +0.12
65.56" 6.24" 1.75°
+598 +0.97 +0.19

| Hypercholesterolemic + 52.38° 434> 1.30°
| biscuit with rice germ +3.02 +0.32 +0.13

50.80° 487 1.25°
‘ rice germ powder +6.04 +0.55 +0.05
| LS.D.at0.0S 6452 | 0760
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