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ABSTRACT 
 

 The chemical, biological and organoleptic properties of bread and biscuits 
supplemented with guar seed flour or its protein isolate were studied. 
 Bread was prepared using 5%, 10% and 15% Guar seed flour (GSF) as wheat 
replacer.  The results revealed that increasing percentage of (GSF) increased its 
protein, calcium, and iron contents.  It was obvious that bread containing 10% (GSF) 
was the most acceptable whereas bread containing 15% (GSF) was the least. 
 Biscuits were fortified with 5%, 10% and 15% (GSF) or 3%, 5% and 7% of guar 
protein isolate (GPI).  The addition of increasing percentage of (GSF) or (GPI) mainly 
increased their protein, calcium and iron contents, and decreased biscuit’s thickness, 
diameter, and water loss while weight slightly increased.  Biscuits containing (GSF) 
had lower quality than the control but still were accepted, while biscuits fortified with 
(GPI) had better quality compared with the control. 
 Bread and biscuits with and without enrichment with (GSF) or (GPI) were 
biologically evaluated in feeding trials using albino rats.  It was found that protein 
efficiency ratio (PER), true digestibility (TD), and biological value (BV) of bread and 
biscuits supplemented with 5% and 10% (GSF) were  compared  with  the control 
samples, while biscuits enriched with 5% (GPI) in preparing high protein biscuits and 
10% (GSF) in bread making are highly recommended. 
 

INTRODUCTION 
 
 One of the purpose of the supplementation of low quality and quantity 
protein is to avoid the unbalanced, monoton nutrition, first of all by most 
vulnerable groups of population e.g. children, pregnant and lactating women.  
Wheat is considered as one of the most important cereal crop used in making 
bread.  The gradual increase in the population of Egypt   as   well   as the 
bread consumption, substantial in Egyptian diet imposed to import large 
amounts of  wheat  Hussein et al., (1977). 
 The protein supplementation of meals results in a better physiological 
effect which in turn should hardly be predicted from experiments with 
individual protein sources because of the complementary patterns of amino 
acids  Linder, (1983). 
   In Egypt biscuit is one of the major delicate and delicious food. Wheat   
flour used in biscuits production contains only 7.8 - 8.7% protein Wasfy, 
(1986).  Utilization of some protein sources to improve the nutritive value of 
biscuit products is described by Rajor et al., (1989). Beech et al. (1989) 
reported that guar seeds which are the edible portion are highly nutritive 
because of their relatively high protein content.  Guar has been added to 
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dough to retard dry out.  It is useful in cake and biscuit dough.  In pie fillings 
guar thicken and prevent shrinking and cracking of the filling Horace, (1977), 
Venkateswara Rao et al. (1985) studied the effect of adding various levels of 
guar on dough properties and bread making quality from milled wheat flour. 
They found that water absorption of the flour increased with higher levels of 
guar. 
    The  aim  of  this  investigation  is to: 

1. Substitute of some part of wheat flour with GSF or GPI which would 
reduce the production cost of bread and biscuits and  to produce such 
products with high protein content. 

2. Evaluate bread and biscuits fortified with GSF or GPI chemically, 
nutritionally, and organoleptically. 
 

MATERIALS AND METHODS 

Materials: 
1. Wheat flour (72%) obtained from the local market of flour imported from    

France  by   the   Egypt  Ministry  of  supply.  
2. Guar seeds were obtained from Legume Research Section, Agricultural 

Research Center, Ministry of Agriculture, Giza, Egypt.  They  were 
cleaned and ground to a fine powder in an electric mill, then packed in 
polyethylene bags and stored in a refrigerator until used. 

3. Guar protein isolate was prepared from guar flour. 
4.  Additives which used in preparing bread and biscuits such as diastatic 

malt, malt syrup, yeast, shortening, sodium bicarbonate and sugar (for 
biscuits), salt (for bread) were obtained from local market. 
 

Methods: 
   Preparation of protein isolate: 
 Protein isolate was prepared from guar seed flour as described in 
details by Khalil, Mona (2000). 
     
  I- Preparation of special bread: 
 The bread making formula was as follows: 500 gm wheat flour or 
wheat flour mixtures with (5%, 10% and 15% GSF), 2% salt, 2% dry yeast 
and water. 
   The dough was mixed according to the straight dough method, AACC 
(1965). 
 Bread samples were baked for 20 min. at  210oC  in  an  electric  oven, 
and after baking, the samples were subjected to the following determinations: 
1. Loaf weight: loaves were weighted in grams one hour after baking. 
2. Loaf volume: the volume in cm3 was determined after one hour of cooling 

by seed displacement method using clover seeds. 
3. Specific loaf volume: specific loaf volume was calculated as follows: 

                                   Volume (cm3) 

Specific loaf volume = ــــــــــــــــــــــــــــــــ 
                                     weight (gm) 
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For chemical analysis of bread samples, three loaves were taken from each 
treatment, dried  for 72 hrs., grounded in an electric mill, then packed in a 
polyethylene bags and stored in a refrigerator until use. 
   Preparation of biscuits: 
 Biscuits made from wheat flour and its mixtures with 5%, 10% and 15% 
GSF or 3%, 5% and 7% GPI were prepared according to the procedure 
described by Dovaldk and William (1975). 
 Biscuits were baked in oven at 230oC for 10 - 15 min. biscuits samples 
were packed in polyethylene bags after cooling and then subjected to the 
following determinations according to the method described by Abdel-Magied 
(1991). 
 a) Thickness (average of 10 biscuits) cm. 
 b) Weight of 10 biscuits (gm) 
 c)  Diameter (average of 10 biscuits) cm. 
 The diameter  and  thickness of biscuits were measured by planimeter 
to the nearest mm.  The loss of water in the oven during baking was 
calculated according to the method described  by  Wade (1971). 
 
   Chemical analysis: 
 Moisture, crude protein, ash, crude fiber, crude were determined 
according to A.A.C.C (1983), while total carbohydrate were calculated by 
difference. 
 The levels of calcium (Ca) and iron (Fe) were determined using a 
shimadzu AA 630-2 atomic absorption spectrophotometer according to  the 
method of A.O.A.C. (1980). 
 Amino acids were determined using a Mikrotechna AAA 881 automatic 
amino acid analyzer according to the method described by Moore and Stein 
(1963).  Sulphur containing amino acids were determined after performic acid 
oxidation.  Tryptophan was chemically determined by the method of Miller 
(1967). 
 
Organoleptic evaluation: 
  I- Bread quality: 
 Shape, crust, roundness, texture and odor were evaluated by 10 
panelists according to the method of Pyler (1952) and Matz (1960). 
 
 II- Biscuits quality: 
 Appearance, colour, thickness, crispiness, shrinkage taste and odor 
were evaluated by 10 panelists according to the method of Smith (1972). 
 

Nutritional evaluation: 
 Twelve groups of male weanling rats of the Albino strain were secured 
from Faculty of Science, University of Mansoura were used in the study.  
Each group consisted of five males having an average initial body weight of 
50 - 55 gm.  One group served as control Winer (1971). Rats were housed 
individually in wire bottomed cages and maintained at room temperature with 
12 hours light and 12 hours darkness.  Water was supplied from special pipes 
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containing tap water Abd El-Rahim et al., (1995) and Al-Atteyah and Al-
Othman (1995). 
 The composition of control diet was as follow  according to Hegested et 
al., (1941). 
 Corn starch 80%, Oil any Kind 10%-Cellulose 5% salt mixture 4%, 
Vitamin mixture 1%.  Protein was added by replacing part of corn starch with 
bread or biscuits samples to provide 10% protein diet for the experimental 
animals.  All animals in different groups received their diets, and water ad 
libitum for 28 days.  Daily food consumption and body weight were 
determined for each animals. 
 
Nutritional indices: 
 Protein efficiency ratio (PER)  was  calculated  as body weight gain per 
unit and crude protein  (CP) intake along 28 days. 
 True digestibility (TD) and biological value (BV) were calculated 
according to the method described by Swaminathan (1981). 
 

RESULTS AND DISCUSSION 
 

 The results given in Table (1) show that moisture and carbohydrate 
content of bread and biscuits gradually decreased as the percentage of GSF 
or GPI increased, except moisture content of biscuits enriched with different 
percentages of GPI which is little bit increased.  On the other hand crude 
protein, ash, crude fat, crude fiber, calcium and iron contents of bread and 
biscuits gradually increased with the increasing percentage of both GSF and 
GPI, this is due to the high amount of these components in guar seeds.  
These results are in agreement with those reported by Korshom (1994). 
 Data shown in Table (2) indicate that all amino acids constituents 
gradually increased in all samples of bread and biscuits under study as the 
percentage of GSF or GPI added increased, such results gave the same 
attitude with those reported by Dako (1983) and (Khalil and El-Adawy 1994).  
They mentioned that legumes are limiting in sulphur containing amino acids 
and also concluded that as provided sufficient legumes are available, the 
traditional cereal legume diets provide adequate protein of good quality.  The 
total amino acids of all samples under study increased with the increasing 
percentage of GSF or GPI added. 
 The results presented in Table (3) showed that the amount needed to 
cover the daily requirements of an adult male was however less for biscuits 
samples containing 7% GPI (550.0 gm) followed by biscuits containing 15% 
GSF (578.9 gm), the bread samples containing 15% GSF (611.1 gm), and 
biscuits samples enriched with 5% GPT (611.1 gm) compared with the other 
studied samples.  Methionine was the limiting amino acid and therefore 
selected to determine daily requirements.  So, from above mentioned results 
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it can observed that different samples can cover the daily requirements of 
essential amino acids in the case it is the only source of these amino acids 
with different quantities.  It can be also concluded that biscuits samples 
enriched with 7% or 5% GPI and bread samples containing 15% GSF can be 
considered as the best samples for making bread and biscuits taking in 
consideration the amino acids content. 
 The results in Table (4) show that the addition of GSF caused a 
variable decrease in specific volume of bread.  In the same table, the data 
indicated that the increasing percentage of GSF or GPI  added to biscuits 
caused a slight decrease in biscuit’s weight before baking.   The  results  also 
showed that the baking process caused an increase in thickness and 
diameter, while weight was decreased in all biscuits under study. Addition of 
increasing amounts of GSF or GPI to biscuits caused a slight decrease in 
baked biscuit’s thickness, diameter, water loss and a slight increase in 
weight.  This may be due to the increase of water absorption of the flour by 
adding increasing amounts of GSF or GPI. Venkateswara Rao et al., (1985). 
 Average sensory panel scores of appearance, colour, thickness, 
crispiness, shrinkage, taste and odor for biscuits, and shape, roundness, 
crust colour, texture, taste and odor for bread are summarized  in Table (5).  
Data indicated that no obvious differences were obtained between bread 

(control) and bread enriched with 5% and 10% GSF. The average of the 
degree given by the selected panelists for biscuits made from wheat flour 
enriched with GSF or GPI indicated that the addition of 3% and 5% GPI 
followed by 5% GSF showed no significant differences in comparison with the 
control sample. 
 From results in Table (6) PER, TD and BV values varied in the range of 
0.62 - 2.77, 0.80 - 0.90 and 0.69 - 0.87 respectively.  The results compared 
well with that of casein (2.77, 0.91 and 0.88) as reported by Mandel et al. 
(1986). 
 So, it may be concluded that bread supplemented with 10% GSF and 
biscuits enriched with 5% GPI are highly recommended. 
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تأثير إضافة دقيق حبوب  لجووبلر  ب تختصه ول لجبربتيعوى اهوى لجصوبلم لجييتيا يوة 
 0بلجبيبجبوية بلجحخية جهصبز بلجبخيبيت

 ابد لجوبلد تحتد لجشبلف*تعى تحتبد صهيل ب
 ت ر -وــاتعة لجتع ــبرة  -يهية لجزرلاـة  -قخـــم لج ــعااات لجغــذل ية   

 ت ر –اتعة لجزقازيـق و -ة للإعتاوية يتعهد لجيفا -*قخم لجت عيع لجزرلاى 

 
تم دراسة الخواص الكيميائية والبيولوجية والحسيية لخخبيو والبسيكويل الميددم بيدبيب حبيوا الجيوار  و     

 ليي  دبيييب الفميي   يي   %15، %10، %5ة دبيييب حبييوا الجييوار ب سييا وبييد تييم   ييا  -مستخخصييا البروتي يي  
لجييوار البييروتيو والكالسيييوم والحديييد بوييياد   سييبة دبيييب حبييوا ا صيي ادة الخبييو و و ييحل ال تييائن وييياد   سييبة

 0مو دبيب حبوا الجوار    ص ادة الخبو كا ل  كثرهم ببولا  %10و و ا ا ة   0الم ا ة
ميو دبـيـيب حبييوا الجيوار  و ملـييـوولا  %15، %10، %5كمـيـا  تــيـم تددـييـيم البســيـكويل ب  ييا ة  

 0%7، %5، %3البروتيــ   ب سبة 
وبييد وجييد  و   ييا ة  سييا متوايييد  مييو دبيييب حبييوا الجييوار تييـدة  ليي  وييياد   يي   سـييـبة البييروتيو  

 0والكالسيوم والحديد، و فص    سمك وبطر و فد الماء لخبسكويل،  بي ما حدث وياد  طفيفة    الووو
المفار ية كما بي ل ال تائن او البسكويل المحتيوة دخي  دبييب حبيوا الجيوار كياو  بيم جيود  ميو اللي ية  

لجيوار ابي ما كاو البسيكويل الميددم بمليووم   0مو دبيب حبوا الجوار %10ولك ها تلتبر مفبولة حت    ا ة 
ع دي يال الخبيو وتشـير ال تائن  ل  وياد   سيبة الكالسييوم والحدييد  ي  جميي 0البروتي      م مو اللي ة المفار ة

 0وا الجوار  و ملوولا البروتي  والبسكويل  المددمة ب  ا ة  سا متوايد  مو دبيب حب
وبييد تييم دراسـييـة كييم مييو الخـييـبو والبسيييكويل المييددميو سـييـواء بييدبيب حييـبوا الجييوار  و ملووليييا  

لحفيفيي  وبييد وجييد  و كييم مييو  سييبة كفيياء  البييروتيو واله ييم ا  0البروتي يي  بيولوجيييا ب سييتخدام  ئييراو التجييارا
فال جييد  ء بدبيب حبوا الجيوار  و ملووليا البروتي ي   ال صيوالفيمة الحيوية لخخبو والبسكويل المددميو سوا

 0ملووم الجوار البروتي   كا ل    م %5مفار ة باللي ة المفار ة، بي ما البسكويل المددم بـ 
دبييب  %10ملووم الجيوار البروتي ي   ي  صي ادة البسيكويل،  %5ودموما يمكو التوصية ب ستخدام  

 0حبوا الجوار    ص ادة الخبو
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Table (1): Chemical  composition of  bread and  biscuits enriched  with GSF or GPI. 
 

Samples 
Moisture 

% 
Grude  

protein % 
Ash  
% 

Crude  
fat % 

Crude 
fibre 

Total  
carbohydrate % 

Calcium 
mg/100 g 

Iron  
mg/100 g 

Bread  (Control) 15.00 11.21 1.73 13.08 0.95 73.03 68.61 3.22 

Bread + 5% GSF 14.85 12.69 1.90 13.33 1.57 70.51 68.73 3.49 

Bread + 10% GSF 14.76 14.10 2.00 13.64 1.99 68.27 69.45 3.88 

Bread + 15% GSF 14.69 16.89 2.28 13.89 2.55 64.39 70.11 4.27 

Biscuits (Control)  3.39 12.19 1.70 11.00 0.60 74.51 72.03 2.31 

Biscuits + 5% GSF 3.32 13.66 2.01 11.34 1.00 71.99 72.32 2.77 

Biscuits + 10% GSF 3.26 14.92 2.73 11.59 1.63 69.13 72.64 3.24 

Biscuits + 15% GSF 3.15 16.90 2.99 11.93 2.08 66.10 72.91 3.71 

Biscuits + 3% GPI 3.40 13.09 1.78 10.88 0.62 73.63 72.09 2.44 

Biscuits + 5% GPI 3.41 14.62 1.89 10.75 0.63 72.11 72.15 2.54 

Biscuits + 7% GPI 3.41 15.88 1.96 10.66 0.65 70.85 72.21 2.63 
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Table (2): Amino acids composition of  bread and biscuits enriched with GSF or GPI (gm/100 gm). 

Samples 
 

Lysine 
Leucine + 
Isoleucine 

 
Valine 

Phenyl-
alanine 

Tyro-
sine 

Meth-
ionine 

Cyste 
-ine 

Trypt-
ophan 

Threo-
nine 

Histi-
dine 

Argin-
ine 

 
Total 

Bread  (Control) 0.20 1.43 0.47 0.23 0.12 0.16 0.02 0.07 0.31 0.16 0.26 3.43 

Bread + 5% GSF 0.71 2.49 0.81 0.74 0.43 0.16 0.05 0.08 0.67 0.41 1.33 7.88 

Bread +10% GSF 1.72 3.54 1.16 1.24 0.73 0.17 0.07 0.09 1.03 0.67 2.31 12.73 

Bread +15% GSF 1.73 4.60 1.50 1.75 1.04 0.18 0.09 0.11 1.39 0.92 3.48 16.79 

Biscuits (Control)  0.31 0.51 0.32 0.37 0.18 0.16 0.03 0.08 0.24 1.00 0.88 4.08 

Biscuits+5% GSF 0.81 1.66 0.68 0.86 0.48 0.16 0.06 0.09 0.61 1.17 1.89 8.47 

Biscuits+10%GSF 1.31 2.81 1.04 1.36 0.78 0.17 0.08 0.10 0.97 1.34 2.90 12.86 

Biscuits+15%GSF 1.81 3.96 1.39 1.85 1.09 0.19 0.10 0.12 1.34 1.51 3.92 17.28 

Biscuits+ 3% GPI 1.46 0.84 0.43 0.52 0.27 0.16 0.08 0.10 0.35 1.05 1.18 6.44 

Biscuits+ 5% GPI 1.56 1.07 0.49 0.62 0.32 0.18 0.09 0.11 0.51 1.09 1.39 7.43 

Biscuits+ 7% GPI 1.65 1.29 0.56 0.71 0.37 0.20 0.11 0.13 0.69 1.12 1.59 8.42 
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Table (3): Daily requirements* of essential amino acids and amounts (gm) consumed of bread and biscuits 
  enriched with GSF or GPI. 

Samples Lysine 
Leucine + 
Isoleucine 

Valine 
Phenyl- 
alanine 

Methionine Tryptophane Threonine 

Daily requirement of man* 0.80 1.80 0.80 1.10 1.10 0.25 0.50 

Bread (Control) 400.0 125.9 170.2 478.3 687.5 357.1 161.3 

Bread + 5% GSF 112.6 72.3 98.8 148.6 687.5 312.5 74.6 

Bread + 10% GSF 46.5 50.8 68.9 88.7 647.1 277.8 48.5 

Bread + 15% GSF 46.2 39.1 53.3 62.9 611.1 227.3 35.9 

Biscuits (Control)  258.1 352.9 250.0 297.3 687.5 312.5 208.3 

Biscuits + 5% GSF 98.8 108.4 117.6 127.9 687.5 377.8 81.9 

Biscuits + 10% GSF 61.1 64.1 67.9 80.9 647.1 250.0 51.5 

Biscuits + 15% GSF 44.2 54.5 57.6 59.5 578.9 208.3 37.3 

Biscuits + 3% GPI 54.8 214.2 186.0 211.5 687.5 250.0 142.9 

Biscuits + 5% GPI 51.3 168.2 163.3 177.4 611.1 227.3 98.0 

Biscuits + 7% GPI 48.5 139.5 142.9 154.9 550.0 192.3 72.5 
* Nat. Acad. Sci., 1959 
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Table (4): Effect  of  adding  GSF or  GPI  in  different  concentrations  to  bread  and  biscuits  on  some  quality  
        parameters. 

Parameters Bread samples Parameters Biscuits samples 

Baked bread 
Contr

ol 
GSF 
5% 

GSF 
10% 

GSF 
15% 

Before 
baking 

Control 
GSF 
5% 

GSF 
10% 

GSF 
15% 

GPI 
3% 

GPI 
5% 

GPI 
7% 

Weight  (gm) 410 432 440 449 Thickness  (cm) 0.25 0.25 0.25 0.25 0.25 0.25 0.25 

     Diameter  (cm) 4.0 4.0 4.0 4.0 4.0 4.0 4.0 

Volume (cm3) 650 631 622 587 Weight  (gm) 60.57 60.40 60.26 60.13 60.53 60.50 60.19 

Specific  1.59 1.46 1.41 1.31         

Volume(cm3/gm)     After   baking        

     Thickness  (cm) 0.575 0.563 0.550 0.531 0.570 0.568 0.565 

     Increase of  Thickness % 130.0 125.0 120.0 112.4 128.0 127.2 126.0 

     Diameter  (cm) 4.15 4.14 4.12 4.11 4.13 4.10 4.08 

     Increase of  diameter % 3.75 3.50 3.00 2.75 3.25 2.50 2.00 

     Weight  (gm) 51.34 51.64 51.75 51.90 51.28 51.37 51.52 

     Water  loss % 15.24 14.50 14.12 13.69 15.26 15.09 14.32 
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Table (5): Organoleptic properties of bread and biscuits enriched with GSF or GPI. 
 Bread samples  Biscuits samples 

Properties Control GSF 
5% 

GSF 
10% 

GSF 
15% 

Properties Control GSF 
5% 

GSF 
10% 

GSF 
15% 

GPI 
3% 

GPI 
5% 

GPI 
7% 

Shape 
(15.0) 

13.0 13.0 13.0 10.0 Appearance 
(10.0) 

9.0 8.0 8.0 7.5 9.0 8.5 7.5 

Roundness 
(15.0) 

14.0 13.0 14.0 12.0 Color 
(15.0) 

14.0 13.0 12.0 12.5 14.0 14.0 13.5 

Crust color 
(15.0) 

14.0 14.0 13.0 11.0 Thickness 
(15.0) 

13.0 12.0 12.0 13.0 12.0 12.0 11.5 

Texture 
(20.0) 

19.0 18.0 18.0 16.0 Crispiness 
(15.0) 

13.0 11.5 13.0 12.5 12.0 11.0 11.5 

Taste 
(20.0) 

18.0 18.0 16.0 15.0 Shrinkage 
(15.0) 

12.0 12.0 11.5 12.0 11.0 12.0 11.5 

Odor 
(15.0) 

12.0 13.0 12.0 11.0 Taste 
(15.0) 

14.0 14.0 12.5 11.5 14.0 14.0 13.0 

     Odor 
(15.0) 

13.0 14.0 12.0 10.0 14.0 13.5 13.0 

Total 90.0 89.0 86.0 75.0 Total 88.0 84.0 81.0 79.0 86.0 85.0 81.0 
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Table (6): Nutritional and biological value of bread and biscuits enriched with GSF or GPI in different 
concentrations. 

 
Samples 

Body weight 
gaina  

g /28 days 

CPb  (N x 6.25) 
Intake 

g /28 days 

 
PERC 

 
TDd 

 
Bve 

       Casein 68.9 + 2.0* 24.9 + 1.5* 2.77 + 0.10* 0.91 + 0.00* 0.88 + 0.00* 

Bread (Control) 55.5 + 2.1 24.9 + 1.2 2.23 + 0.21 0.86 + 0.01 0.76 + 0.02 

Bread + 5% GSF 56.9 + 1.6 24.8 + 1.3 2.29 + 0.18 0.87 + 0.02 0.79 + 0.01 

Bread + 10% GSF 56.6 + 1.4 24.6 + 1.4 2.30 + 0.16 0.88 + 0.01 0.82 + 0.03 

Bread + 15% GSF 55.3 + 1.5 24.7 + 1.1 2.24 + 0.17 0.81 + 0.03 0.69 + 0.05 

Biscuits (Control)  55.8 + 1.8 24.9 + 1.2 2.24 + 0.18 0.87 + 0.04 0.73 + 0.01 

Biscuits + 5% GSF 57.0 + 1.9 24.8 + 1.5 2.29 + 0.16 0.84 + 0.03 0.79 + 0.03 

Biscuits + 10% GSF 56.5 + 2.1 24.6 + 1.4 2.29 + 0.15 0.85 + 0.01 0.80 + 0.05 

Biscuits + 15% GSF 56.4 + 1.4 24.9 + 1.6 2.22 + 0.20 0.80 + 0.03 0.77 + 0.04 

Biscuits + 3% GPI 57.6 + 1.5 24.8 + 1.4 2.32 + 0.17 0.90 + 0.04 0.85 + 0.03 

Biscuits + 5% GPI 58.2 + 1.8 24.6 + 1.2 2.36 + 0.16 0.90 + 0.02 0.87 + 0.02 

Biscuits + 7% GPI 1.4 + 58.0 .51 + 24.7 0.18 + 2.35 0.01 + 0.88 0.05 + 0.86 
a: mean value from five rats              *+  means standard deviation 
b: Crude protein         c : Protein efficiency ratio 
d: True digestibility        e : Biological value. 


