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ABSTRACT 
 

In this study wheat flour (WF) was substituted with completed black rice flour 
(CBRG) and peeled black rice grains (PBRG) with ratio 5, 10, 15 and 20 %. As 
results, 8 formulas were used to make 8 diets of toast determined the sensory, 
rheological properties, chemical composition, minerals content were determined. The 
biological effect on lipid and hematological profile on hypercholesterolemic rats was 
assayed. 

Toast with 15% CBRG was the highest sensory scores in taste, internal 
colour and over all acceptability scores as (4.41, 4.55 and 4.18), respectively, and 
was not significantly different (p<0.05) comparing with control toast. The results 
showed that toast with 20% CBRG contained significantly high content in protein as 
(11.06). Toast with 20% PBRG had high ash content as (3.22) while, toast with 10% 
PBRG had high crude fibers content as (5.82). 

Farinograph parameter revealed that water absorption of dough decreased 
to (60.80%) in dough with 10% PBRG. Dough with 10% CBRG was the highest arrival 
time and development time values as (3.00, 4.00 min), respectively. Dough stability 
values were found to be high in all toast doughs except for dough with 20% CBRG 
(12.00 min). Dough with 20% CBRG was the lowest dough weakening value as (10.00 
min). Substitution of wheat flour by PBRG induced an increase in resistance to 
extension to (520 B.U.). Dough with 20% PBRG (85 mm) was the lowest extensibility 
value (85 mm). The highest proportional number (5.53 P.N.) was found to be in dough 
with 20% PBRG with being dough with 20% CBRG the lowest energy (47 cm

2
).  

Concerning Protein efficiency ratio (FER), rats fed on toast with 20% CBRG 
was the highest FER at all rat groups (5.05) and protein intake value was not differing 
significantly between rats group fed on toast with 15, 10% CBRG, 15% PBRG, 20% 
CBRG and negative control (-). Greater values of HDL-C were observed in rats fed on 
20% CBRG (53.48 mg/dl). Positive control (+) group was the highest TC, TG, LDL-C 
and VLDL-C as 161.03, 125.17, 109.52 and 25.03 mg/dl, respectively, that’s indicated 
to feeding rats on toast with CBRG and PBRG was significantly (p<0.05) improved 
lipid parameters as compared with positive control group. 

Feeding rats on toast with 20% CBRG introduced the highest Hb value as 
(14.80 g/dl) as feeding rats on toast with 10% PBRG recorded a marked 
hematological effect on WBCs count as 4.90 comparing with 3.42 in rats fed on toast 
with 10% CBRG. This study has demonstrated that addition of completed black rice 
grains CBRG and peeled black rice grains PBRG were considered as a good 
functional ingredient for adding value of food product, more important, may contribute 
to health benefits where lipid and hematological parameters were significantly 
(p<0.05) improved in rats fed on toast with ratios of CBRG and PBRG. 

 

INTRODUCTION 
 

 Rice is one of the leading food crops of the world, the staple food of 
half of the world’s population. Black rice has a number of nutritional 
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advantages over common rice, such as a higher content of protein, vitamins 
and minerals, although the latter varies with cultivar and production location 
(Suzuki et al., 2004). Black rice (Oryza sativa L.indica), a special cultivar of 
rice which contain high content of anthocyanins in the aleurone layer than 
white rice, has been regarded as a food and widely consumed as a health-
promoting foods in china and other eastern Asia countries for thousands of 
years (Wang et al., 2007). 
 Whole grain products, because of their physical form and high 
content of fibers, tend to be slowly digested, absorbed and, thus, have 
relatively low glycemic indices (Liu et al., 1999). Rice bran powder has high 
protein, fiber and bioactive compounds (Saunders, 1990), which Offer 
benefits with wheat flour and does not contain gluten, a like lowering of blood 
cholesterol (Kahlon et al., 1994 and Chotimarkorn and Silalai 2007). Rice 
bran has high nutritional value with 12-15% protein content (Saunders, 1990). 
Rice bran protein contains higher lysine content than rice endosperm protein 
or any other cereal bran proteins (Juliano, 1985).  
 The objective of this study was to produce toast bread by substituting 
the wheat flour by completed black rice grain (CBRG) and peeled black rice 
grain (PBRG) flours. The qualities of produced bread including physical, 
chemical, sensory and rheological properties were evaluated. 
 

MATERIALS AND METHODS 
 

Materials: 
 Black rice (Oryza sativa L. indica), was obtained from Rice Research 
and Training Center (RRTC), Sakha, Kafr El-Sheikh governorate, Egypt. 
Animals: 
 Forty four white male albino rats (Sprague Dawely), weighting (89-
95gm), two month old, were employed in this study. Rats were obtained from 
experimental animal house of Food Technology Research Institute, Agric. 
Res. Center, Giza, Egypt. 
Methods: 
 All seeds were cleaned from impurities, broken seeds, dust and other 
foreign matters. After cleaning, black rice seeds were separated in two parts. 
The first part was leaved completed and grounded as a whole grain and the 
second part was husked by dehulling machine at Agricalture Research 
Center, Sakha, Kafr El-Sheikh and grounded as peeled black rice grains. 
Drying process: 
 (CBRG) and (PBRG) were dried in oven air (60-70 ˚C) for 48 hours to 
dry (Sidkey et al., 1993) and then all materials were ground in an electric mill 
and sieved at 120 mesh to produce a fine powder. All samples were kept in 
polyethylene bags at 5 ˚C until analysis.  
Preparation of black rice formulas 
 Eight formulas for cholesterolmic diets were prepared using black 
rice seeds (completed and peeled grains) as shown in Table (A). Wheat flour 
was substituted with these formulas with ratio 5, 10, 15 and 20 %. 
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Table (A): Toast bread formulas prepared from black rice grains 

Treatments 
Wheat Flour (%) 

(WF) 

Completed black 
rice grains (%) 
(CBRG) flour 

Peeled black 
rice (%) 

(PBRG) flour 

T1 100 0 0 

T2 95 5 0 

T3 95 0 5 

T4 90 10 0 

T5 90 0 10 

T6 85 15 0 

T7 85 0 15 

T8 80 20 0 

T9 80 0 20 
T1 = (100% commercial straight grade flour) acts as control. 
T2= Toast with 5% CBRG flour                       T6 = Toast with 15% CBRG flour                       
T3 = Toast with 5% PBRG flour                       T7 = Toast with 15% PBRG flour 
T4 = Toast with 10% CBRG flour                    T8 = Toast with 20% CBRG flour          
T5 = Toast with 10% PBRG flour                     T9 = Toast with 20% PBRG flour 
 

Preparation of toast bread: 
 Toast breads were prepared with some modifications, Table (B) 
shows the ingredients of toast bread (Rabie, 2009). 
 

Table (B): Materials used for preparation control toast 

Ingredients Gm 
Flour 100 

Sugar 5 

Yeast 1.4 

Salt 1.65 

Skimmed milk 2.5 

Corn oil 5 

Bread improver 1.2 

Water As needed 
 

Sensory evaluation of black rice toast bread 
Eight formulas were formed as toast breads. They were sensory 

evaluated by test panel according to (El-Nemer, 1976). Twenty members 
were requested to evaluate the formulated toast bread. The test performed 
under fluorescent lighting in nutrition laboratory, Home Economics 
Department, Faculty of Specific Education, Kafr El-Sheikh University. The 
judges were asked to score all organoleptic qualifies in numerical system for 
the samples comparing with control bread. 

The examined characteristics were odour, taste, interior colour, 
exterior colour, texture, appearance and over all acceptability. The panelists 
were provided with clean tap water to rinse their mouth after tasting each 
sample. Samples were evaluated using a 7- point hedonic scale (1 = dislike 
very much to 7 = like very much) (Eneche, 1999). The highest sensory 
evaluated toasts were selected and then they were chemically analyzed. 
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Rheological properties of black rice toast bread 
 The rheological properties of wheat flours (72%extraction) were 
determined using farinograph, extensograph and amylograph according to 
the methods described in (AACC, 1983). 
Farinograph test of black rice toast bread 
 Farinoograph test was carried out to determine the water absorption, 
arrival time, stability time, dough development time, dough weakening of 
wheat flour according to the methods described in (AACC, 1983), as the 
following procedures.                               
Extensograph test of black rice toast bread 
 Extensor test was carried out on wheat flour (72% extraction) to 
determine the maximum resistance to extension, elasticity, proportional 
number and energy according to the methods described in the (AACC, 1983). 
Proximate chemical composition of black rice toast bread 

Moisture, fat, ash and total nitrogen contents were determined 
according to the methods described in AOAC (2000). The crude fibers 
content were determined following the method given by Pearson (1971). 
Total carbohydrates content were calculated by difference as follows:  
% soluble carbohydrates = 100 – (% crude protein + % crude fat + % crude 

fibers + % total ash) on dry weight (James, 1995).  

Minerals content of black rice toast bread 
 Minerals were estimated by wet ashing method according to AOAC 
(2000). Iron, calcium, potassium, sodium, magnesium and zinc were 
determined by using flame emission spectrometry (flame photometer) 
according to the method described by Pearson (1991).  
Biological assay 
Basal diet 
 Rat groups fed a basal diet consist of 10% corn oil, 10% sucrose, 4% 
salt mixture, 1% vitamin mixture, 0.2% choline chloride and 1.5% cholesterol 
powder were obtained from Morgan Co. Cairo, Egypt, neutral casein 16.28 
gm (protein content 12%) and corn starch up to 100 gm (Campbell, 1963). 
Experimental design   
 Upon arrival, they were randomly assigned to 11 groups four rats 
each. Each animal was individually housed in a wire bottomed, stainless steel 
cage under the normal condition. The animals were weighted every week 
except during the first week, which weighted every day. The experimental 
animals fed on basal diet for one week to acclimate them to our facility and 
basal diet. After acclimation, rats were fed on different diets as shown:  
G1: Fed on basal diet (Negative control). 
G2: Hypercholesteremic rats Fed on basal diet (Posative control). 
G3: Hypercholesteremic rats fed on control Toast bread. 
G4: Hypercholesteremic rats fed on Toast with 5% CBRG mixed with basal diet. 
G5:Hypercholesteremic rats fed on Toast with 5% PBRG mixed with basal diet. 
G6:Hypercholesteremic rats fed on Toast with 10% CBRG mixed with basal diet. 
G7:Hypercholesteremic rats fed on Toast with 10% PBRG mixed with basal diet. 
G8:Hypercholesteremic rats fed on Toast with 15% CBRG mixed with basal diet. 
G9:Hypercholesteremic rats fed on Toast with 15% PBRG mixed with basal diet. 
G10:Hypercholesteremic rats fed on Toast with 20% CBRG mixed with basal diet. 
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G11:Hypercholesteremic rats fed on Toast with 20% PBRG mixed with basal diet. 
Induction of cholesterol 
 Normal rats fed a social diet for inducing hypercholesterolemia, the 
diet was prepared from fine ingredients per 100 gm according to Rashwan 
(1998). Rats were weekly weighted, and food intake, body weight gain (BWG 
%) and food efficiency ratios (FER) were calculated at the end of the 
experiment according to Chapman et al., (1959), using the following formula: 
BWG % = (Final Weight – Initial / Initial Weight) × 100. 
FER = Gain in body (g/day)/ Food intake (g/ day). 
Food Intake = Rat body weight × (10/100). 
Blood sampling 
 In all mentioned groups, blood samples were taken from rats at the 
end of study, the blood samples were collected after 12 hours fasting. At the 
end of experiment, rats weighed and scarified with a knife, blood of rats put 
into dry clean centrifuge tubes and left to colt.  
The blood was centrifuged at 3500 rpm for 10 minutes to separate the serum, 
which was carefully aspirated and transferred into clean quite plastic tubes 
and kept frozen at -18 º C until biochemical analysis (El-Khamissy, 2005).  
Biochemicals analysis of serum 
 The concentration of total cholesterol, high density lipoprotein 
cholesterol (HDL-c) and triglycerides in the serum were determined without 
extraction using enzymatic colorimetric methods with commercially available 
kits 276-64909 ,high density lipoprotein kits 278-67409 and triglycerides,  
kits274-69807; wake chemical, Osaka, Japan. (Kim and Shin 1998), 
procedures were employed to perform the previous mentioned 
determinations.  
 Low density lipoprotein cholesterol (LDL-c) concentration was 
calculated as the difference between total cholesterol and (HDL-c) according 
to the method of Skottova et al., (1998). 
LDL and vLDL-c were carried out by the following equations: 
vLDL-c (mg/ld) = (triglyceride / 5). 
LDL-c (mg/ld) = Total cholesterol– (vLDL-c + HDL-c) (Lopz-virella 1977). 
Hematological Parameters 
 Hemoglobin concentration, hematocrit level, RBCs and WBCs count 
were determined using animal blood counter hematology analyzer for the in 
vitro diagnostic testing of whole blood specimens, the Roche Diagnostic 
system, ABX Hematology, COBAS Microso OT Automated Hematology 
Analyzer, RAE 013A Instrument (Richmond, 1973). 
Statistical analysis 
 Results are expressed as the mean ± Standard deviation. Data were 
statistically analyzed for variance using one way analysis of variance 
(ANOVA), followed by Duncan's multiple range tests according to Steel and 
Torrie (1980).  
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RESULTS AND DISCUSSION 
 

Sensory evaluation of black rice toast bread 
Sensory evaluation is usually performed towards the end of the 

product development or formulation cycle and is carried out to assess the 
reaction of judges towards the product and they rate the liking on a scale 
(Sharif et al., 2009). Consumers are readily able to assess three major food 
attributes, namely texture, flavor, and appearance according to Lund, (1982). 
Even though flavor is frequently judged as the most important food 
characteristic (Schutz and Wahl, 1981 and Moskowitz and Krieger, 1995), 
texture plays a very important role in food identification (Murphy, 1985). 

Table (1) shows sensory score for taste, odour, internal and external 
colour, texture, appearance and overall acceptability. There were found to be 
significantly different compared with control. The scores for all characteristic 
tests of rice toast bread were all at acceptable values. 

 
 

Table (1): Sensory evaluation of toast bread made from CBRG and PBRG flour. 
 

Toast bread 
samples 

Sensory evaluation of black rice toast bread 

Taste Odour 
Internal 
colour 

External 
colour 

Texture Apperance 
Over all 

acceptability 

1 Control toast 
3.33 d 
± 1.09 

3.83 b 
± 1.23 

3.83 b 
± 0.98 

4.33 ab 
±  1.42 

4.25 ab 
± 0.77 

4.42 a 
± 1.13 

23.99 c 
± 2.15 

2 
Toast with 
5% CBRG 

4.12 b 
± 0.82 

3.49 c 
± 2.15 

4.03 b 
± 1.07 

4.51 a 
±1.34 

4.11 ab 
±2.09 

3.93 ab 
±1.50 

24.19 b 
± 1.03 

3 
Toast with 
5% PBRG 

4.01 b 
± 1.47 

4.17 a 
± 0.33 

4.16 ab 
±2.92 

4.18 ab 
± 2.18 

3.92 b-d 
± 1.08 

3.24c 
± 0.91 

23.68 cd 
± 1.15 

4 
Toast with 
10% CBRG 

3.77 c 
± 2.03 

3.00 e 
± 1.18 

3.42 cd 
± 2.05 

4.17 ab 
± 0.99 

4.00 bc 
± 0.07 

3.50 bc 
± 0.45 

22.06 f 
± 1.11 

5 
Toast with 
10% PBRG 

3.00e 
± 1.90 

3.25 d 
±1.22 

3.42 cd 
± 2.10 

3.67 cd 
±1.06 

3.58 cd 
± 0.24 

3.42 bc 
±1.97 

20.34 h 
± 0.86 

6 
Toast with 
15% CBRG 

4.41 a 
± 1.38 

3.92 b 
± 2.04 

4.55 a 
± 3.17 

3.97 bc 
± 2.59 

4.37 ab 
± 2.24 

3.48 bc 
± 1.08 

24.70 a 
± 2.01 

7 
Toast with 
15% PBRG 

4.12 b 
±1.19 

3.78 b 
± 1.43 

4.13 ab 
± 2.14 

4.11 ab 
± 0.36 

4.62  a 
± 1.25 

4.19  a 
± 1.48 

21.24 g 
± 0.96 

8 
Toast with 
20% CBRG 

2.92 e 
± 3.05 

2.83 e 
± 1.56 

3.08 d 
± 1.87 

3.42 d 
± 0.57 

3.42 d 
± 0.29 

3.42  bc 
± 1.36 

23.09 e 
± 2.17 

9 
Toast with 
20% PBRG 

3.25 d 
± 0.93 

3.33 cd 
± 2.18 

4.17 ab 
± 0.13 

4.33 ab 
± 0.87 

4.17 ab 
± 2.51 

4.17 a 
± 3.21 

23.42 d 
± 1.70 

Values in the same column followed by different letters are significantly different (p < 
0.05).CBRG (completed black rice grains) and PBRG (peeled black rice grains). 

 

 

It was noticed that toast with 15% CBRG was the highest taste score 
as (4.41) followed by toast with 5% CBRG and 15% PBRG as (4.12) for both 
of them. On the other hand, toast with 15% CBRG was the highest taste, 
internal colour and over all acceptability scores as (4.41, 4.55 and 4.18), 
respectively. Colour is a very important criterion for the initial acceptability of 
the baked products by the consumer. Moreover, as the development of colour 
occurs classically during the later stages of baking, it can be used to judge 
completion of the baking process. Darkness in the internal crust colour of the 
composite bread was observed as the level of the supplementation of black 
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rice increased which may be attributed to the black colour (Makinde and 
Akinoso, 2014). Toast bread with 15% PBRG scored more points in texture 
and over all acceptability than control as (4.62) and (4.07), respectively. On 
the other hand, toast with 5% CBRG was the most external colour as (4.51). 
For odour, taste with 5% PBRG was the highest odour score as (4.17). 

Toast with 15% CBRG was the highest overall acceptability as (24.70) 
followed by toast with 5% CBRG as (24.19) comparing with control as (23.99) 
with being toast with 10% PBRG the lowest over all acceptability score as 
(20.34).This confirms that the completed grains powder preparations from black 
rice have great potential in food applications. These results in agreement with 
those of Sangnarkand and Noomhorm (2003) and Serrem et al., (2011).  
Rheological parameters of dough of black rice toast bread 
 Rheological properties of dough formula prepared from different levels 
of CBRG and PBRG flour were determined by farinograph and extentsograph 
tests and the results were presented in Table (2), Fig. 1 and 2. Farinograph 
parameter revealed that water absorption of dough decreased compared with 
control toast (76.50%) followed by dough with 5% CBRG (67.20%) where 
dough with 10% PBRG was the lowest water absorption of dough as (60.80%), 
these results are in accordance with those of Hemedam and Khatab (2010). 
With regarded to the arrival time, dough development time and dough stability 
values were directly affected by the addition of CBRG and PBRG ratios. Dough 
with 10% CBRG was the highest arrival time and development time values as 
(3.00, 4.00min), respectively. Dough stability values were found to be higher in 
all toast doughs than the control dough except for dough with 20% CBRG 
(12.00 min) worthly as control where dough sample of 20% PBRG was the 
highest dough stability value as (14.50 min), while dough weakening value 
decreased for all dough fortified samples as comparing to the control, dough 
with 5 and 10% CBRG as(40.00 min) for all of them with being dough with 20% 
CBRG the lowest dough weakening value as (10.00 min). This means that 
addition of CBRG and PBRG with different ratios plays an important role in 
pharinograph parameters of dough.  
 Regarding to extentsogragh, the 10% substitution of wheat flour by 
PBRG induced an increase in resistance to extension to (520 B.U.) comparing 
with control dough (490 B.U.). Extensibility was decreased by addition of 
CBRG and PBRG ratios, where dough with 20% PBRG (85 mm) was the 
lowest extensibility value (85 mm) compared with the highest (130 mm) in 
control dough with 20% PBRG. The highest proportional number (5.53 P.N.) 
was found to be in dough with 20% PBRG compared with control dough (3.77 
P.N.) and a decrease in dough with 15% CBRG to (3.15 P.N.). Addition of 
CBRG and PBRG ratios caused dough energy (cm2) decrease in all samples 
except for dough with 10% PBRG (115 cm2) with being dough with 20% CBRG 
the lowest energy (47 cm2) comparing with dough control (102 cm2). 
Meanwhile dough sample with CBRG and PBRG ratios showed lower values 
for most extentsogragh parameters as comparing with control. These results 
are in agreement with those obtained by Chen et al., (1988), Ramy et al., 
(2002) and Ayo et al., (2010). 
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Table (2): Rheological properties of dough with CBRG and PBRG flour 

Toast bread 
samples 

Test results 

Farinograph Extensograph 
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Control toast 
76.50 a 
±  0.08 

2.00 d 
± 2.49 

3.50 c 
± 1.30 

12.00 f 
± 1.05 

40.00 a 
± 1.04 

490 d 
± 1.62 

130 a 
± 0.11 

3.77 de 
± 0.91 

102 b 
± 1.34 

Toast with 5% 
CBRG 

67.20 b 
±  1.23 

2.70 b 
± 2.18 

3.40 d 
± 1.57 

13.10 d 
± 1.03 

40.00 a 
± 1.17 

420 f 
± 0.48 

121 c 
± 2.29 

3.41 ef 
± 1.35 

83 d 
± 1.08 

Toast with 5% 
PBRG 

62.50 g 
± 1.11 

1.30 f 
± 1.09 

2.10 f 
± 0.74 

13.60 bc 
± 0.81 

30.00 b 
± 1.36 

500 c 
± 1.50 

129 ab 
± 1.18 

3.91 d 
± 0.27 

94 c 
± 1.31 

Toast with 10% 
CBRG 

64.10 d 
± 1.40 

3.00 a 
± 0.45 

4.00 a 
± 1.09 

13.50 c 
± 2.24 

40.00 a 
± 2.10 

400 g 
± 0.49 

115 d 
± 1.61 

3.48 e 
± 1.50 

70 f 
± 1.12 

Toast with 10% 
PBRG 

60.80 h 
± 0.35 

1.50 e 
± 1.98 

2.00 g 
± 1.84 

13.50 c 
± 0.63 

30.00 b 
± 0.94 

520 a 
± 0.66 

128 b 
± 1.07 

4.06 c 
± 1.19 

115 a 
± 0.51 

Toast with 15% 
CBRG 

64.00 e 
± 1.69 

2.60 c 
± 2.28 

3.80 b 
± 2.75 

12.30 e 
± 1.14 

20.00 c 
± 1.28 

350 h 
± 0.47 

112 e 
± 1.90 

3.15 f 
± 1.21 

62 h 
± 1.05 

Toast with 15% 
PBRG 

65.40 c 
± 1.51 

1.30 f 
± 1.70 

2.20 e 
± 2.06 

14.10 b 
± 0.94 

20.00 c 
± 1.72 

510 b 
± 1.60 

114 de 
± 2.25 

5.20 b 
± 1.87 

75 e 
± 1.41 

Toast with 20% 
CBRG 

63.80 ef 
± 0.63 

1.50 e 
± 1.01 

2.00 g 
± 2.17 

12.00 f 
± 1.24 

10.00 d 
± 1.51 

260 i 
± 1.07 

108 f 
± 0.95 

2.41 g 
± 1.80 

47 i 
± 0.59 

Toast with 20% 
PBRG 

61.80 gh 
± 0.47 

1.00 g 
± 1.30 

2.00 g 
± 1.27 

14.50 a 
± 0.98 

20.00 c 
± 1.08 

470 e 
± 1.35 

85 g 
± 0.72 

5.53 a 
± 1.69 

64 g 
± 1.13 

Values in the same column followed by different letters are significantly different 
 (p < 0.05). CBRG (completed black rice grains) and PBRG (peeled black rice grains). 
 

 
 

   

   

   

 

Fig. (1): Rheological properties of dough with CBRG and PBRG by farinograph 
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Fig. (2): Effect on rheological properties of dough with CBRG and PBRG 
by extentsogragh> 

 

Proximate chemical composition of black rice toast bread 
 The chemical composition of toast bread prepared from CBRG and 
PBRG flour with different ratios in this study are presented in Table (3). Toast 
with 20% CBRG contained significantly high content in protein (11.06%) 
followed by toast with 20% PBRD (10.98%) comparing with the lowest protein 
content in control toast which was (9.49%) and this is because the wheat 
flour has lower protein content (Makinde and Akinoso, 2014). Toast with 5% 
PBRG was the highest fat content (16.28%) followed by toast with 5% CBRG 
(13.05%) comparing with the lowest fat content (4.43%) in toast with 20% 
PBRG and control toast (4.93%). On the other hand, toast with 20% PBRG 
was the highest ash content (3.22%) comparing with toast with 5% PBRG as 
(2.32%). For crude fiber, toast with 10% PBRG was the highest fibers content 
(5.82%) followed by toast with 15% PBRG (5.30%) comparing with control 
toast which was the lowest crude fiber content (3.70%). The highest 
carbohydrates content at the same time (79.07%) compared with toast with 
5% PBRG (66.30%) and this agree with Boling et al., (1998) and Makinde 
and Akinoso, (2014). As illustrated, increasing in protein, ash and fiber and 
decreasing in fat and carbohydrate contents of toast samples were resulted 
with increasing proportion of CBRG and PBRG powder. Previous studies 
reported that rice bran is a rich source of fiber and considerably high protein 
and fat content Hu et al., (2009). An increase of fiber content in rice flour and 
rice bran may contribute to health benefits .It has been reported that intake 
more fiber resulted in increasing faecal bulk and lowering of plasma 
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cholesterol (Varo et al., 1983, Seal, 2006, Chotimarkorn and Silalai, 2007 and 
Ayo et al., 2010). 
 

Table (3): Chemical composition of toast bread made from CBRG and 
PBRG flour (on dry weight bases) 

Toast bread  
samples 

Chemical composition % 

Moisture Protein 
Ether 

extract 
Ash 

Crude 
fiber 

carbohydrates 

1 Control toast 
7.20  b 
± 1.25 

9.49 f 
±  1.17 

4.93 d 
±  1.02 

2.81  b 
±  1.14 

3.70 f 
± 0.86 

79.07  a 
± 1.15 

2 
Toast with 
5% CBRG 

4.52  e 
± 0.36 

10.28 cd 
±  1.09 

13.05 b 
±  1.24 

2.60 b 
± 1.11 

3.76 ef 
±  1.07 

70.31 g 
± 0.69 

3 
Toast with 
5% PBRG 

6.61  c 
± 2.03 

9.87  e 
± 1.34 

16.28 a 
± 1.12 

2.32 c 
± 2.15 

5.23 bc 
±  1.59 

66.30  h 
± 1.03 

4 
Toast with 
10% CBRG 

5.70  d 
± 1.11 

10.47 bc 
±   0.89 

10.06  c 
±  1.45 

2.77 b 
± 1.76 

3.84 d-f 
±  0.58 

72.86  e 
±   2.01 

5 
Toast with 
10% PBRG 

6.80  bc 
±  1.25 

10.11 de 
± 1.39 

9.44 c 
± 1.64 

2.66 b 
± 0.64 

5.82 a 
± 1.91 

71.97 f 
± 1.07 

6 
Toast with 
15% CBRG 

6.67 c 
± 0.97 

10.65 b 
±  1.23 

9.25 c 
± 2.24 

2.69 b 
± 1.30 

3.92 de 
±  1.49 

73.49 d 
±   1.78 

7 
Toast with 
15% PBRG 

6.95  bc 
± 2.18 

10.52 bc 
±  1.35 

9.03 c 
±  2.09 

2.89 b 
± 1.14 

5.30 b 
± 0.72 

72.26 f 
±   1.41 

8 
Toast with 
20% CBRG 

7.70  a 
± 1.55 

11.06 a 
± 1.04 

4.53 d 
± 0.18 

2.73 b 
± 0.64 

3.98 d 
± 2.06 

77.70 b 
±   1.44 

9 
Toast with 
20% PBRG 

7.00  bc 
±1.13 

10.98 a 
±  1.82 

4.43 d 
± 0.98 

3.22 a 
±  1.07 

5.09 c 
± 0.88 

76.28 c 
±   2.34 

Values in the same column followed by different letters are significantly different (p < 
0.05). CBRG (completed black rice grains) and PBRG (peeled black rice grains). 
 

 

Minerals content of black rice toast bread 
 These are inorganic materials present in ash when food or any living 
organism is cremated. The mean squares for mineral contents (Table 4) 
depicted that blending of CBRG and PBRG significantly improved the mineral 
contents of toast bread. Potassium (K) participates in certain enzymes 
system in the body and control acid balance along with sodium to maintain 
fluid balance. Maximum K content (166.48 mg/100 g) was observed in toast 
with 20% CBRG, followed by (154.75 mg/100g) whilst the lowest value was 
found in control toast as (104.76 mg/100g), followed by toast with 5% PBRG 
as (105.13 mg/100g). 
 Calcium (Ca) is essential for teeth formation and also helps in muscle 
contraction, maintenance of cell membranes, clotting of blood and normal 
functioning of nerves, muscles and heart. It participates in the activation of 
many enzymes (Mian et al., 2009). The highest value for Ca (134.52 mg/100 
g) in toast with 20% CBRG followed by toast with 20% PBRG as (128.15 
mg/100 g) comparing with minimum Ca value (70.11 mg/100 g) for control 
toast. Sodium (Na) is essential in the regulation of water content of the body 
and in maintenance of osmotic pressure of body fluids. The means for 
mineral contents in toast bread (Table 4) represented that maximum Na 
content (513.46mg/100 g) was observed in toast with 20% CBRG followed by 
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(501.27 mg/100g) for toast with 20% PBRG, while the lowest value (278.31 
mg/100 g) was found in control toast.  
 

Table (4): Minerals content of bread made from CBRG and PBRG flour 

Toast bread 
samples 

Minerals (mg/100g) 

K Ca Na Mg Fe Zn P 

1 Control toast 
104.76 h 
±   2.03 

70.11i 
±   1.25 

278.31i 
±   2.11 

74.88 g 
±   1.69 

1.97 h 
±   1.57 

1.01 e 
±   2.14 

194.07 i 
±   2.45 

2 
Toast with 
5% CBRG 

108.89 g 
±   2.50 

103.25 g 
± 0.18 

396.04 g 
± 2.10 

76.45  f 
± 1.68 

76.46 g 
± 1.35 

1.32 d 
± 2.08 

225.13 g 
±  1.46 

3 
Toast with 5% 
PBRG 

105.13 h 
±   1.56 

99.04 h 
± 2.02 

360.92 h 
±   1.38 

76.21 f 
±  1.79 

1.87 i 
± 2.25 

1.27   d 
±   0.68 

217.64  h 
±   1.24 

4 
Toast with 10% 
CBRG 

119.59 e 
±   1.92 

120.38 e 
±   1.47 

451.37 e 
±   0.33 

82.65 d 
±   0.94 

3.56  e 
±2.07 

1.52   c 
±   1.41 

242.38  e 
±   0.73 

5 
Toast with 10% 
PBRG 

117.60 f 
±   2.08 

113.66 f 
±   1.91 

438.94 f 
±   2.58 

80.93 e 
±   0.81 

3.08  f 
±   2.06 

1.39   cd 
±   1.94 

231.61  f 
±   0.62 

6 
Toast with 15% 
CBRG 

129.71 c 
±   1.14 

126.19 c 
±   1.37 

488.47 c 
±   2.08 

89.42 a 
±   1.28 

4.00  c 
±   0.78 

2.71   a 
±   0.58 

278.23  c 
±   0.27 

7 
Toast with 15% 
PBRG 

122.03 d 
±   0.80 

122.08 d 
±  1.24 

452.19 d 
±   1.39 

85.31 c 
±   0.64 

3.91  d 
±   2.84 

2.36   b 
±   0.90 

261.79 d 
±   1.33 

8 
Toast with 20% 
CBRG 

166.48 a 
± 1.04 

134.52 a 
±   2.66 

513.46 a 
±   2.51 

89.74 a 
±   0.55 

4.32  a 
±   1.47 

2.33   b 
±   0.36 

326.58 a 
±   1.15 

9 
Toast with 20% 
PBRG 

154.75 b 
± 2.03 

128.15 b 
±   1.64 

501.27 b 
±   2.11 

87.76 b 
±   2.08 

4.23   b 
±   1.53 

2.21   b 
±   1.80 

315.06 b 
±   1.34 

Values in the same column followed by different letters are significantly different (p < 
0.05).CBRG (completed black rice grains) and PBRG (peeled black rice grains). 
 

 Magnesium (Mg) is essential in the formation of bones and teeth and 
synthesis of proteins. It is also involved in maintenance of muscle functions, 
release of energy from muscle glycogen and conduction of nerve impulse. 
Maximum Mg content (89.74 mg/100 g) was found in toast with 20% CBRG 
comparing with the lowest Mg content (74.88 mg/100 g) for control toast. It 
was noticed that toast with 20% CBRG contain the highest Fe and P content 
as (4.32 and 326.58 mg/100 g), respectively, while toast with 15% CBRG was 
the highest Zn content as (2.71 mg/100 g). On the other hand, toast with 5% 
PBRG was the lowest Fe and Zn contents as (1.87 and 1.27 mg/100 g), 
respectively. It is obvious from the results that CBRG and PBRG 
supplementation significantly improved the mineral contents of toast bread, 
except for sodium; with proportionate increase of supplementation agree with 
Thompson, (2005), Sharif et al., (2009) and Makinde and Akinoso, (2014).  
Biological assay 
Effect of CBRG and PBRG on growth parameters  
 Results in Table (5) show that there was clear increasing in final 
weight for all rats groups except for positive (+) control group, which had 
slowly increasing from 93.08 to 98.13 g. It was noticed that the differences 
were significant between rats fed on toast with 20% CBRG which had the 
highest final weight to 183.40 g followed by 180.89 g for rats fed on toast with 
PBRG comparing with the lowest final weight 98.13 for positive (+) control 
group. On the other hand, rats fed on toast with 20% CBRG also had the 
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maximum weight gain (101.20%) followed by rats fed on toast with 15% 
PBRG (95.99%) with being positive control (+) the lowest weight gain 
(5.42%). Concerning food intake, there was a slight increase in food intake 
value between control groups (- ve and + ve), the mean values were 17.98 
and 16.72 g, respectively. Rats fed on toast with 20% CBRG had the highest 
food intake value (18.24 g) followed by (18.20 g) for rats fed on toast with 5% 
PBRG. Food intake value was not differing significantly between rats groups 
fed on toast with 10% PBRG, control toast and negative control. Control 
groups (- ve and + ve) were the same protein intake value (1.26). Rats fed on 
toast with 20% CBRG had the highest protein intake value as 1.86 g followed 
by 1.76 g for rats fed on toast with 20% PBRG. Protein intake value was not 
differing significantly between rats groups fed on toast with 15, 20% CBRG 
and 15, 20% PBRG compared with the lowest protein intake 1.20 g in rats fed 
on toast with 5% PBRG. 
Table (5): Growth parameters of hypercholesterolemic rats fed on CBRG 

and PBRG. 
     Variables 

 
 

Rat groups 

Initial 
weight (g) 

Final 
weight (g) 

Weight 
gain (%) 

Food 
intake (g) 

 
Protein 

intake (g) 
 

Food 
efficiency 
ratio (FER) 

Protein 
efficiency 

ratio 
(PER) 

G1: 
control (-) 

91.65  e 
± 1.12 

158.34 g 
±   1.36 

72.76 g 
±   0.97 

17.98 ab 
±   1.25 

1.26  de 
±   1.41 

3.70  d 
±   0.37 

52.92  a 
±   0.84 

G2: 
control (+) 

93.08  c 
±  0.29 

98.13   k 
±   0.58 

5.42  k 
±   0.81 

16.72  d 
±   0.64 

1.26   de 
±   1.01 

0.30 g 
±   0.73 

40.00d 
±   1.22 

G3: 
Control toast 

91.12gh 
± 0.68 

147.56j 
±   1.15 

61.94i 
±   1.36 

17.45bc 
±   0.91 

1.28de 
±   1.46 

3.23 ef 
±   0.79 

44.09 c 
±   0.60 

G4: 
5% CBRG 

92.75 c 
± 1.77 

153.19 h 
±1.32 

65.16  h 
±0.58 

17.03  cd 
±   1.11 

1.34   de 
±   0.97 

3.54   de 
±   1.18 

45.10  c 
±   0.45 

G5: 
5% PBRG 

93.64 b 
±  1.29 

148.47 i 
±   0.36 

58.55   j 
±   1.64 

18.20  a 
± 1.03 

1.20  e 
±   1.16 

3.01  f 
±   1.20 

45.69 c 
±   0.97 

G6: 
10% CBRG 

91.48  ef 
±  1.05 

166.35   e 
±1.39 

81.84   e 
±   1.27 

16.89  cd 
±   0.88 

1.47   cd 
±   0.98 

4.43 bc 
±1.07 

50.93ab 
±   1.05 

G7: 
10% PBRG 

92.33  d 
±   1.03 

164.18   f 
±1.16 

77.81   f 
±   0.92 

17.46  bc 
±0.87 

1.62   bc 
±   1.06 

4.11   c 
±   0.86 

44.35 c 
±1.08 

G8: 
15% CBRG 

90.79 h 
±1.09 

176.02   c 
±   1.31 

93.87   c 
±1.18 

16.91  cd 
±   0.85 

1.65   a-c 
±1.19 

5.04   a 
±   1.00 

51.65  ab 
±   1.08 

G9: 
15% PBRG 

89.46 i 
±1.14 

175.34   d 
±   1.37 

95.99  b 
±   0.85 

18.07   a 
±   1.08 

1.73   ab 
±0.99 

4.75   ab 
±   1.10 

49.64  ab 
±   0.95 

G10: 
20% CBRG 

91.15  fg 
±0.18 

183.40   a 
±   0.23 

101.20a 
±   1.51 

18.24a 
±   0.67 

1.86a 
±   1.69 

5.05a 
±   0.39 

49.59ab 
±   1.07 

G11: 
20% PBRG 

94.10a 
±1.54 

180.89b 
±   1.38 

92.23d 
±   1.09 

17.81ab 
±   1.14 

1.76ab 
±   0.81 

4.87a 
±   1.10 

49.31b 
±   0.41 

Values in the same column followed by different letters are significantly different (p < 
0.05).CBRG (completed black rice grains) and PBRG (peeled black rice grains). 
 

 Concerning food efficiency ratio (FER) there were significant 
differences (P<0.05) between both control groups (- ve and + ve) and 
cholesterolemic groups fed on black rice toast.  Rats fed on toast with 20% 
CBRG had the highest FER at all as 5.05 followed by rats fed on toast with 
15% CBRG then rats fed on 20% PBRG as 4.87 comparing with both control 
groups (- ve and + ve). Concerning Protein efficiency ratio (PER), there was 
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significant differs between control groups (- ve and + ve) as 52.92 and 40.00, 
respectively. Rats fed on toast with 15% CBRG had the second highest 
protein intake value (51.65) followed by 50.93 for rats fed on toast with 10% 
CBRG. Protein intake value was not differing significantly between rats groups 
fed on toast with 15, 10% CBRG, 15% PBRG, 20% CBRG and negative 
control. These results are in agreement with those obtained by Hemedam and 
Khatab (2010). 
Effect of CBRG and PBRG on serum lipid profile 
 Serum lipids profiles of different groups are presented in Table (6). 
The results indicate significant (p<0.05) elevation in TC, TG, LDL-C and 
VLDL-C accompanied by reduction in HDL-c in positive control group (+) 
(26.48 mg/dl) as comparing with the highest HDL-c in rats fed on 20% CBRG 
(53.48 mg/dl) followed by (49.33 mg/dl) for rats fed on toast with 20% PBRG. 
It was noticed that positive group had the highest TC, TG, LDL-c and VLDL-c 
values (161.03, 125.17, 109.52 and 25.03 mg/dl, respectively), followed by 
rats fed on control toast (98.72, 104.51, 47.63 and 20.90 mg/dl, respectively). 
In rats groups fed on toast with CBRG and PBRG, lipid parameters were 
significantly (p<0.05) improved comparing with control (+ ve) group. These 
results agree with those obtained by Thompson et al., (2005) and Seal, 
(2006). 
 

Table (6): Serum lipid profile of cholesterolemic rats fed on CBRG and PBRG 

        Lipid profile 
 

Rat groups 

Total 
cholesterol 
(TC) (mg/dl) 

Triacylglyceride 
(TG) 

(mg/dl) 

HDL-c 
(mg/dl) 

LDL-c 
(mg/dl) 

VLDL-c 
(mg/dl) 

G1: 
control (-) 

89.54   d 
±   0.14 

81.29   g 
±   1.09 

47.09   c 
±   2.21 

26.20   e 
±   0.47 

16.25   g 
±   0.67 

G2: 
control (+) 

161.03   a 
±   1.71 

125.17   a 
±   2.01 

26.48   k 
±   1.65 

109.52   a 
±   1.34 

25.03   a 
±   1.57 

G3: 
Control toast 

98.72   b 
±   0.92 

104.51   b 
±   0.88 

30.19   j 
±   1.63 

47.63   b 
±   1.28 

20.90   b 
±   1.30 

G4: 
5% CBRG 

81.44   f 
±   1.89 

83.59   f 
±   1.07 

34.71   h 
±   0.58 

30.02   c 
±   1.06 

16.71   f 
±   2.40 

G5: 
5% PBRG 

69.15   j 
±   2.24 

72.41   j 
±   1.36 

31.16   i 
±   1.68 

23.51   f 
±   0.62 

14.48   i 
±   1.11 

G6: 
10% CBRG 

64.35   k 
±   1.35 

86.14   e 
±   1.83 

40.38   f 
±   2.05 

6.75   k 
±   0.49 

17.22   g 
±   1.33 

G7: 
10% PBRG 

71.67   i 
±   0.95 

74.59   i 
±   2.61 

38.27   g 
±   1.99 

18.55   h 
±   0.48 

14.85   h 
±   0.98 

G8: 
15% CBRG 

87.35   e 
±   1.22 

91.62   d 
±   1.08 

41.95   d 
±   2.13 

27.08   d 
±   2.55 

18.32  d 
±   1.87 

G9: 
15% PBRG 

72.10   h 
±   1.34 

75.03   h 
±   2.03 

41.06   e 
±   2.18 

16.04   i 
±   2.41 

15.00   h 
±   1.85 

G10: 
20% CBRG 

94.52   c 
±   0.58 

98.47   c 
±   1.00 

53.48   a 
±   1.67 

21.35   g 
±   0.65 

19.69   c 
±   0.71 

G11: 
20% PBRG 

76.88   g 
±   2.62 

81.25   g 
±   0.56 

49.33   b 
±   0.24 

11.30   j 
±   0.16 

16.25   g 
±   1.93 

Values in the same column followed by different letters are significantly different (p < 
0.05).CBRG (completed black rice grains) and PBRG (peeled black rice grains). 
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Effect of CBRG and PBRG on hematological parameters 
 The results in Table (7) revealed that there were slightly no-
significant decrease between control (- ve and + ve) groups in hematological 
parameters RBCs and WBCs. Feeding rats on toast with 20% CBRG 
introduced the highest Hb value (14.80 g/dl) followed by (14.72 g/dl) in rats 
fed on toast with 20% PBRG compared with (11.96 g/dl) in control (+ ve) 
group. 
 

Table (7): Hematological parameters of hypercholesterolemic rats feed 
on CBRG and PBRG. 

           Parameters 
 
Rat groups 

Hb (g/dl) HT (%) RBCs 10
3
 WBCs 10

6 

G1: 
control (-) 

14.21  cd 
±   0.25 

46.53  a 
±   0.39 

7.25   a 
±    0.11 

5.67  a 
±   0.64 

G2: 
control (+) 

11.96  g 
±   0.87 

37.28  h 
±   0.14 

6.62   b 
±   0.85 

5.94   a 
±   0.36 

G3: 
Control toast 

12.03  g 
±   0.35 

38.27  g 
±   0.58 

6.09   d 
±   0.07 

3.71   de 
±   0.41 

G4: 
5% CBRG 

12.81  f 
±   0.10 

39.14  f 
±   .05 

6.57   b 
±   0.32 

3.65   de 
±   .18 

G5: 
5% PBRG 

12.85  f 
±   0.42 

39.68  f 
±   0.92 

6.48   bc 
±   0.20 

4.97   b 
±   0.85 

G6: 
10% CBRG 

13.53  e 
±   0.17 

41.09  e 
±   0.51 

6.50   b 
±   0.64 

3.42   e 
±   0.11 

G7: 
10% PBRG 

13.27  e 
±   0.65 

41.33 de 
±   0.55 

6.43   b-d 
±   0.62 

4.90   b 
±   0.03 

G8: 
15% CBRG 

14.37   bc 
±   0.72 

42.15  c 
±   0.31 

6.12   d 
±   0.02 

3.58   de 
±   0.66 

G9: 
15% PBRG 

13.89  d 
±   0.12 

41.88 cd 
±   0.04 

6.15   cd 
±   0.56 

4.62   c 
±   0.73 

G10: 
20% CBRG 

14.80  a 
±   0.64 

44.63  b 
±   0.48 

7.01   a 
±   0.09 

3.74   d 
±   0.06 

G11: 
20% PBRG 

14.72  ab 
±   0.76 

44.48  b 
±   0.51 

6.98   a 
±   0.08 

4.39   c 
±   0.13 

Values in the same column followed by different letters are significantly different (p < 
0.05).CBRG (completed black rice grains) and PBRG (peeled black rice grains). 
 

The maximum HT percentage was found to be 46.53% in control (- 
ve) group followed by (44.63, 44.48%) rats fed on toast with 20% CBRG and 
20% PBRG, respectively, compared with control (+ ve) group (37.28%). 

While there was significant drop in RBCs count comparing with both 
control groups (- ve and + ve) which recorded 7.25 and 6.62, respectively. On 
the other hand, there was no-significant differences between RBCs count in 
control (- ve) group as 7.25 and rats fed on toast with 20% CBRG and 20% 
PBRG which recorded 7.01 and 6.98, respectively.    

There was significant (p<0.05) decrease in WBCs count comparing 
with both control (- ve and + ve) groups which recorded 5.67 and 5.94, 
respectively. Meanwhile, feeding rats on toast with 10% PBRG recorded a 
marked hematological effect on WBCs count as 4.90 compared with 3.42 in 
rats fed on toast with 10% CBRG. These results are in agreement with 
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Thompson et al., (2005). The present results are in agreement with those 
obtained by Akahane et al., (1986), who reported that rats given cholesterol 
in the diet, a decrease in hematocrit level after about 2 weeks of feeding. The 
present results can be explained as reported by Boling et al., (1998), who 
reported that use of seed in diet decrease plasma iron level, which may bond 
with iron in intestine or liver and lead to low levels of HGB and HCT in blood. 
 

CONCLUSION 
 

 This study has demonstrated that addition of completed black rice 
grains CBRG and peeled black rice grains PBRG were found to increase 
protein, fiber and ash contents in toast bread. More importantly, may 
contribute to health benefits by increasing faecal bulk and lowering of plasma 
cholesterol. Toast bread could be made from a significant proportion of 
CBRG and PBRG with an overall acceptability and considered as a good 
functional ingredient for adding value of food product. In rats groups fed on 
toast with CBRG and PBRG, the lipid and hematological parameters were 
significantly (p<0.05) improved as compared with control (+ ve) group. 
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                                                    تحسين خواص جودة خبز التوست باستخدام دقيق الأرز الأسمر
                  لمياء محمود لطفي 

                                                                قسم الاقتصاد المنزلي، كلية التربية النوعية، جامعة كفر الشيخ، مصر
 

ااتم استممتم س ا  ٌمراسالأساساتممالأاسودقام الأ  ٌممراسالأساساتممالأاسواادملألأا ممًاستم س امةممساسوتلأتم اوسٌممق  ا ٌاتمم ا ا ا ااااااا ا ااا ا ا ااااا ا ا ااااا ااا ا اا ا ا اا اااا ا ا ا ااا ا ا ااا ا ااا اا ا اا اااا ا ا ا ااا ا ا ااا اااااااا اا اااا
ااااسوغذسئٌمم حاثٌمم اتمم استممتة  اااا اا ا ا ااا ا اااا ااس ا  ٌممراسواامم ااا ا ااااا ا اااا ااةمم  ٌراسالأساساتممالأاسودقامم ااا(WF)ا ا اا اااا ا ا ا ااا ا ا ااا االأ  ٌممراسالأساساتممالأاسواادمملألأااا(CBRG)اااا ا ا اا اااا ا ا ا ااا ا ا ااا ا ااا

(PBRG)ااةنتمم ااا ا ا01اا،اا5اا ا05اا،اا ا01االأاااا اا%حاتدلأنمم اا ا ا ا ااملطممق ادٌمم  استممتم ا او امم اااا8اااا ا ا ااا ا اا اا ااااا ا اا اا ااأنمملأسمااممزامةممساسوتلأتمم اسومممق  اااا8اا ااا اااا ا ا ااااا ا ا اا ا اا اا ا ا
اولدلأوٌتتٌلألأ الأت اتا ٌلأاسواةلأ اسوثتًالأسوملأسصاسولأٌلأولأدٌ الأسوتلأدٌ اسودٌاقلأيالأسوا ق زالأثقو  ااا ا اا ااا ا ااا اا ا اا اا اااا اا ا اااا اا اا ا اا اا اااا اا ا ااا اا ا ا اااا ا اااااا اااااااا اا ا ا ااا ااا ا ااسو  الأسوتأثٌلأاسوثٌلأياتلىااااا اا اا ا اا اااا ااااااا ااااا

ااااااا هلأزاسو  ا ًاسوفئلأسزاسواصقة اةقلأتفقمادلأوتتٌلألأ اسو  ح ا ا ااا اا ا اا اااا اااا ااا ا اااا اا اااااا اااااااا ا ا اا
ااااا ٌاقاٌمصاسوملأسصاسوثتٌ ،ا ا اتد اسوتلأتم اسوا م اةقتمتم س ا اا ااااا ا اااا ا ا ااااا ا ا ااااااا اا ا اااا اا ا اااا ا اااا ا05اا اا%اامزا  ٌمراسالأساساتمالأاسودقام اأتلمىاا اا ااا ا اا اااا ا ا ا ااا ا ا ااا ااااا ا اا

ااا ٌا اولط م الأسولملأزاسوم سملًالأسواةملأ اسو مق اةلأس م ا  ا اا ااااا اااا ا ااااا اا اا اااااا ا اااا ااا ا اااا ا ا0.ح.اا اا ا55ح.اا،اا اا ا08ح.الأااا اا ا(اتلمىاسوتملأسوًالأوم اتتلأسدما اا اااااا اا ااا ااااا اا اا ا ملألأراا نلأٌم اةمٌزادم ااا ا اا اااا اا اا ا اا ا ا ا اا
اااسوا قالا الأةٌزاتلأت اسودنتلألأ حاداقاأدقلأ اسونتقئجاسوىاتلأسد اأتلىا ٌ اولةملألأتٌزا  ااا ا ااااااااا اا اااا اا ااا اااا اااااااا ا اا اااا ا ااا ا ا ااا اااا ا ا ااا ااا اا ا ا اا ا ا11ح00اا ا اا اا%(اةقوتلأتم اا ا ا ا01ااااااا اا%اامزا  ٌمراا ااااا ا اا

ااسالأساساتالأاسودقام ا مًاثمٌزادمقزاسوتلأتم ا ا ا ااااا اا اا اا اا ا اا ا اا اااا ا ا ا ااا ا ا ا01ا ااا%اامزا  ٌمراسالأساساتمالأاسواادملألأاأ م ا ٌام اوللأامق اةلأس م ا ا ا اا ااااا ا اااا ا اااا ا ااا ا ا اا اااا ا ا ا ااا ا ا ااا ااااا ا ا00ح2اا اا اااا%(،اا
االأتلأت ا ا ا ا01اا ا%اازا  ٌراسالأساساتا ا ااا ا ا ااا ااااا ا اااالأاسواادلألأاأتلىا ٌا اولأوٌقفا اا اااا ااا ا اااا اا ااا ا ا اا اااا ا80ح5ا اا اااا%(حا

ااةقونتة اولملأسصاسولأٌلأولأدٌ ،ا ا اتفلأ  اا قالا اسو  ٌراتفلأ قاًا نلأٌقاًااقلأن اةدنتلألأ اسوتلأت حاثٌ اتنق ص ا ا اااااا اا ااا ا ا ااااا ا ا ااا ااا اا ااا ااااً اا ا ااااً اااا ااااااا ا ا اا ا اا اا ااااااااا اا ا اا اا اااا اا ا اااا اا اااا
اااتم  اساتصممقصاسو دٌنم اولاممق)اسومىا  اااا اا اااا ااا ا اااا اا اا ااا ا ا81ح11ا ا اا اا%(ا ممًاسوتلأتم اسواثتمملأياا ا ا ا ا اااا ا ا ااااا ا ا01ااا اااا%اسالأساساتمالأاسواادمملألأحاتلأسدم  اأتلممىا ممٌ اا اا اا ااا اا اا اااا ا ا اا اااا ا ا ا ااا ا ا ااا

اوسازاسولأصلأ الأسوتطلألأ ا ا اااا اا ا ا ا اااا ا ا ااول دٌن ا ًاتلأت اااا ا ا ااا ااا ااا ا ا01اا ااا%اسالأساساتمالأاسودقام اةلأس م ا ا ا اا ااا ا اا اااا ا ا ا ااا ا ا ا11ح2ااا اا ا11ح.الأااا اا اا(اتلمىاسوتملأسوًحادامقالأدم  اا اا ا ااا ا ااا ااا ااااا اا اا
ااأتلىا ٌ اوسازاستتالأسلأاسو دٌن ا ًاد اسوا قالا ااقات ساتدٌ ا اااا ااا اا ا ا اا ا اااا ا اا ااا ااا ا اااا اا ااا ااا ا ا ااااااا اا اان اتلأت اا ا ا ااا ا01ا ااا%اسالأساساتالأاسودقام اةلأس م ا ا ا اا ااا ا اا اااا ا ا ا ااا ا ا ا11ح00ااا ا اا اا(حا مًاا ا ااا

ااثٌزادقن اتدٌن ا ااا ا اا ااا اا ا01اا ااا%اسالأساساتالأاسودقا اأ  ا ٌا اولض فاةلأس  ا ا ااا ااا ا ا اااا ا اااا اااا ا اا اااا ا ا ا ااا ا ا ا11ح01ااا ا اا اا(حاأ ىاستتة س ا  ٌمراسواام اةمقالأساساتمالأاا ا ا ا ااا ا ا اااا ا ااااا ااااا ااااا ااا ااااا
ااسواادلألأاسوىاسٌق  ا ٌا اسوالألأن اسوىا اااا اا ا ا اااا ا اااااااا اا اااا ا ا اا ااا ًاثٌزادقن اأ  ا ٌام اولالألأنم ا اا(.B.U 520)اا اا ا ا اااا ا اااا اااا ااا اا اا اا ا11ح85ا ا اا اا(ا مًاتدٌنم اسوتلأتم اا ا ا ااااا ااا ا اا ا ا0اا اا%اا1

ااسالأساساتالأاسواادلألأحادقزاأتلىالأ  انتمةًا اا ااااا اا اا ااا اا ااا ا ا اا اااا ا ا ا ااا ا ا اا مًاتدٌنم ااا(.P.N 5.53)ا ااا ا اا ا01ا اا%اسالأساساتمالأاسواادملألأالأأ م ا ٌام اولطق م اا ا اا اااا ا اااا ا اا اا ا ا اا اااا ا ا ا ااا ا ا ااا
ا11ح0.ا  ا اا اا(ا ًاتدٌن اا ااا ا اا ا01ااا اا%اسالأساساتالأاسودقا حا ا اا اااا ا ا ا ااا ا ا اااا

ااتلأسد  اأتلىا ٌا اولاتتفق  اازاسوةلألأتٌزا ااا ا ااااا ا ااااااا ا ااا ا اااا اا ااا اا اا ااو ىاسوفئلأسزاسوتًاتتغذياتلىاتلأت ااا(FER)ا ا ا ااا اا اا اا اااا ااااا اا اااااا ا01اا اا%اسالأساساتالأاا ا ا ا ااا ا ا ااا
اااسودقا اةلأس  ا  ااا ااا ا اا ا15ح5اا اا اا(اا ات  الأدلأ ا لألأراا نلأٌ ا ًاسوةلألأتٌزاسواتنقلأ اةمٌزادم اادالأتمق اسوفئملأسزاسواتغذٌم اتلمىاتلأتم اا ا ا ااا اا اا ااا اا اااا اا اااااا اا ا ا ا ا اا ا اا اااا ا اااا اااا ااا ا ااااا ااا اا اا ا اا ا ا اااا ا ا اااا اا ا اا

ا05 ا01اا،اا ا01اا،اا ااا%اسالأساساتالأاسودقا ،اا ا اا اااا ا ا ا ااا ا ا ا05ااا اا%اسالأساساتالأاسواادلألأالأ ئلأسزاسوادالأت اسوتقوة حالأ  اوملأث الأدملأ اسلأتفمقماا اا اا اااا ا ا اا ا ا ااااا ااا اااا اااا ا ا ا ا ا اااا اا ااا اا ا ا اا اااا ا ا ا ااا ا ا ااا
اااااا ًا ٌ ا اااسودلأوتتٌلألأ اتقوًاسودثق  ا ااHDL-Cا اااا اااا ااا اا ا ا ااا اا ا ا8.ح52اا ا اا ااااااااالد /وتلأا  (او ااا ااااا ااىاسوفئلأسزاسواتغذٌ اتلىاتلأتم ااا ا ا ااا اا اا ااا اا اااا اا ا01اااااا اا%اسالأساساتمالأاا ا ا ا ااا ا ا ااا

اااسودقامممممممممم حاسلأتف مممممممممم ا ممممممممممٌ اسودلأوتممممممممممتٌلألأ اسودلممممممممممً،اسودلٌتمممممممممملأٌ س اسوثلاثٌمممممممممم ،ا ا اا ااااا اااا ا ااا ااااا ا ا اااا ا ا ااا اا ا اااااا اا ا ااا اااا ا اا اةلأس مممممممممم ااVLDL-CالأااLDL-Cاا ا اا اا
ا12ح010ا اا ا ا اا ا00ح005اا،اا ا ا اا ا50ح.01اا،اا ا ا اا ا12ح05الأااا ا اا اااالد /وتلأا  (اتلمىاسوتملأسوًا مًاادالأتم اسوفئملأسزاسوالأدةم اامقاأدمقلأا ومىالأدملأ ا ا ا ا اا اااا اا اااا اا اا ا ا اااا اا اااااا ا ا ا ا ا اا ا اا ااا ااااا اا اااااا ااااا اا

ااتثتزاا نلأيا ًاااقٌٌسا هلأزالأأالأس ا اا اا ا ا ااا ااااا اا ااا ا اا ا اا ا ا اا اسوم  اوم ىاسوفئملأسزاسوتمًاتغمذ اتلمىاتلأتم اسالأساساتمالأاسودقام الأتلأتم اسالأساا ا ا ااا ا ا اا اا ا اا اااا ا ا ا ااا ا ا ااا ا ا ااا اا اا اا ااا ااااا اا اااااا ااااااااا
اااساتالأاسواادلألأحا ا ا اا اااا ا ا ا اا

ااتلأسد  اأتلىا ٌ اوهٌالأدللأةٌزاسو  او ىاسوفئملأسزاسوتمًاتغمذ اتلمىاتلأتم ا ا ا ااا اا اا اا ااا ااااا اا اااااا ااااااااا ااا اا ا ا اا ااااااا اا ااا اا اا ا01ا اا%اسالأساساتمالأاسودقام اةلأس م اا ا اا ااا ا اا اااا ا ا ا ااا ا ا ااا
ا81ح.0ا  ا اا ااد /وتمملأا  (اداممقاأزاتغذٌمم اسوفئمملأسزاتلممىاتلأتمم اااا ا ا ااا اا اا اا ا ااااا ا اا ااا اااا ا اااااا ا ا01اااا اااا%اسالأساساتممالأاسواادمملألأاأ ا ا ا اا اااا ا ا ا ااا ا ا اااا اسوممىاسٌممق  االثلأ مم ا ممًاتمم  اااا اا ا اا ا ا ا اا ااااا ا اا اااا

اادمملأس اسومم  اسوةٌضممق)اسوممىا اااا اا ااااااااااا اا ا1.ح.ا اا ااااااقلأنمم اة مم  اااا ااا ا ا ا0.ح2ااا اا ااومم ىاادالأتمم اسوفئمملأسزاسوتممًاتغممذ اتلممىاتلأتمم اااا ا ا ااا اا اا اا ااا ا اااا اا ا ااااا ا ا ا ا ا اا ا01اا اا%اسالأساساتممالأاا ا ا ا ااا ا ا ااا
ااسواادلألأحاألأضث اهذهاسو لأست ادلٌقاًأزا ضق  ا  ٌراسالأساساتالأاسودقا الأسواادلألأاٌادزاستتةقلأهقاسضمق  اذذسئٌم الأ ٌفٌم ا اااا ا اا ااااا اا ااا اااا ا اااا ااا ا ا ااا ا ا اا ااا اا ا اا اااا ا ا ا ااا ا ا ااا ااااا ااا ااا اااااًا اا ا اا ااااااا اا ا ا ا اااا ا ا اا اا

ااادٌ  اوانتدق اسوغذس)،ا ااا اااا اا ااا االأسادثلأاأهاٌم اأنهمقاتفٌم اسوصمث اامزامملا اتثتمٌزا ٌقتمق اسوم هلأزالأسوم  ا مًاسوفئملأسزاسواتغذٌم اتلمىااااااا اا اا ااا اا اااا اا اااااا ا اااااا اا ا ا ااااا اا ااااا اا ا ااا ا ا اا ا اا ا ا اااااااااا اااا اا ا ااا اا ا اا
ااسونت اسوامتلف اازا  ٌراسالأساساتالأاسودقا الأسواادلألأح ا ا اا ااا اا ا اا اااا ا ا ا ااا ا ا ااا ااااا ا اا اااا ا اااا ا اااا


