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ABSTRACT 
Many feedstuffs, especially agro-industrial by-products which are usually of no feeding value to 

humans can alternatively be fed at cheaper cost to animals, because one major limiting factor to 
livestock production is the high cost of conventional feedstuffs such as (soybean meal, maize, clover 
hay…etc). This work was divided into two sections (first section illustrated the nutritional evaluation 
of strawberry by-products (SBP) as a source of agro-industrials by-products that incorporated in ration 
formulation of rabbits. On the other hand, the second section illustrated the evaluation of economic 
returns for using this unconventional source of feedstuffs in rabbit rations formulation. The present 
results showed that strawberry by-products (SBP) can be used as a good unconventional source of 
protein and energy, in addition to, it can be considered as alternative feedstuffs for clover hay in rabbit 
diets without any adverse effect on their performance. Also, when inclusion SBP in rabbit diets, the 
feeding cost occurred decreasing in their total cost of production, consequently it can be considered that 
strawberry by-products a cheap source of unconventional feedstuffs can be used economically in rabbit 
diets formulations. From the result obtained and under the same conditions available during carried out 
of this work it could be revealed that replacing clover hay by strawberry by-products, caused an 
improving in their performance and reduced the feeding cost.    
 
Keywords: Agro-industrials by-products, Strawberry by-products, Rabbits, performance, Economic 

returns  

 
Introduction 

In Egypt, there is a severe shortage in the traditional feedstuff in addition to the continuous increase 
in the prices from time to time. The high cost of clover hay lead to identify the alternative untraditional 
low price as strawberry by-products that could be used in animal diets (Omer et al., 2011).  

Recently, the agricultural policy in Egypt aimed to increase the area cultivated by strategically 
crops on behalf of that cultivated by clover. At the same time, several field crop and agro-industrials by 
products produced significant amounts of residues. On the other hand, several researches have shown 
that these by-products had considerable amounts of nutrients that of suitable digestibilities (Omer et al., 
2012). 

It is useful to convert vast renewable resources from plant by-products and crop residues into food 
edible for humans. With recycling of these by-products, humanly inedible nutrients in them are utilized 
by animal which converting them into high-quality foods for human consumption and do not become a 
waste-disposal problem and reducing costs and imports of animal feedstuffs (Elkholy et al., 2009a). 
Recycling of plants by-products and crop residues to be used as animal feed help food processor to save 
money and also decrease the environmental pollution (Elkholy et al., 2009b). 
One major limiting factor to livestock production is the high cost of conventional feedstuffs such as 
(soybean meal, maize, clover hay … etc). However, many feedstuffs, especially agro-industrial by-
products which are usually of no feeding value to humans can alternatively be fed at cheaper cost to 
animals (Obun et al., 2010).  
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The biggest problem that has to be managed with different agro-industrial by-products waste is the 
water, where moisture content in potato is reach to 80 percent (Murphy, 1997). Pasteurization of 
vegetable by-products before feeding may be necessary to prevent the spread of pathogens (Szasz et 
al., 2005). 

Strawberry by-products (SBP) used as untraditional feed ingredients is the sun dried whole plant 
of fragaria ananassa belonging to the family rosaceae (Eduard Cruz-Rus et al., 2011). 

Polyphenolic rich strawberry may provide protection from high carbohydrate/fat meal-induced 
increases in fibrinolytic and inflammatory factors (Ellis et al., 2011).   

Tiliroside contained in strawberry is a glycosidic flavonoid and possesses anti-inflammatory, 
antioxidant, anticarcinogenic and hepatoprotective activities (Tsuyoshi Goto et al., 2011).   
Strawberry contains a moderate source of folate that reduced the risk of tissues abnormalities (Bassett 
and Sammán, 2010).  

One of the crucial aims in livestock feeding is to promote the use of local feeds and by products in 
order to decrease feeding costs (Lanza et al., 2001).  

So this work was carried out to study the possibility of using strawberry by-products as 
unconventional feed source resulted from agro-industrial strawberry to produce cheap rations for rabbits 
and also, to evaluated their performance, economics and their economic returns that can be occurred.    
 
Materials and Methods 
 

This work was carried out in co-operation work among Animal Production Department and 
Agricultural Economic Department, National, Research Centre, 33 El-Bohouth Street, P.O: 12622, 
Dokki, Giza, Egypt. 

The present work aimed to investigate the impact of incorporation strawberry by-products (SBP) 
as a untraditional feed source resulted through out the processing industrials of strawberry in rabbit 
rations as a partial or complete replacement from clover hay (CH) that inclusion in the basal diet at 24% 
of ration formulation.  
 
Animals and feeds 
 

Total number of forty five male New Zealand White rabbits aged 4-5 weeks with an average body 
weight of 610.4 ± 6.23 g, were divided into five equal groups each nine growing rabbits. The basal 
experimental diet was formulated and pelleted to cover the nutrient requirements of rabbits according 
to NRC (1977).  

Strawberry by-products (SBP) was left to sun-drying and kept in clean bags until to using in ration 
formulations. The feeding period was extended for 56 days and the tested diets was classified as the 
follows:  

Control growing rabbits fed the first diet (D1) that contained 24% clover hay CH and another four 
diets replaced quantity of the CH in D1 by strawberry by-products (SBP) at four tested levels of 
replacement (25, 50, 75 and 100% of CH that incorporated in control diet) for D2, D3, D4 and D5, 
respectively. Rabbits were housed in galvanized wire cages in three replicates each of contained three 
rabbits. galvanized wire cages provided with stainless steel nipples for drinking and feeders allowing 
recording quantities of feed intake. Feed and water were offered ad libitum. Rabbits of all groups were 
kept under the same managerial conditions and were individually weighed and feed consumption was 
recorded weekly during the experimental period.   
 
Analytical procedures 
 

Chemical analysis of includes moisture, ash, crude protein (CP), crude fiber (CF) and ether extract 
(EE) contents were determined for three tested materials and their tested diets used in different three 
studies according to AOAC (2005) methods. Crude protein determination involved the use of routine 
Kjeldhal nitrogen assay (N×6.25).  Meanwhile, nitrogen-free extract (NFE) or carbohydrate content 
was determined by the difference using the following equation: 
NFE content = 100 – [Moisture + CP + CF + EE + ash]. 
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On the other hand, cell wall constituents including neutral detergent fiber (NDF), acid detergent 
fiber (ADF) and acid detergent lignin (ADL) of CH and SBP were determined according to Goering 
and Van Soest (1970) and Van Soest et al. (1991). However, hemicellulose and cellulose contents were 
calculated by difference as follows: 
Hemicellulose = NDF – ADF meanwhile, cellulose = ADF - ADL.  
 
Calculations 
 
Gross energy (Kcal/ Kg DM) was calculated according to Blaxter (1968) where, each g crude protein= 
5.65 Kcal; g ether extract (fat) = 9.40 Kcal and g (crude fiber and carbohydrate) = 4.15 Kcal.  
Digestible energy (Kcal/ kg DM) was calculated according to NRC (1977) where, Digestible energy 
(DE) = gross energy x 0.76. 
Metabolizabe energy (Kcal/ kg DM) was calculated according to NRC (1977) where, Metabolizable 
energy (ME) = digestible energy x 0.82. 
Net energy (Kcal/ kg DM) was calculated according to NRC (1977) as Follows: Net energy (NE) = 
metabolizable energy x 0.56.  
Total digestible nutrients (%) was calculated according to NRC (1977) where, Total digestible nutrients 
% = Digestible energy / 44.3.  
Digestible crude protein (%) was calculated according to NRC (1977) where, Digestible crude protein 
(%) = 0.85 X1 – 2.5. Where X1= Crude Protein% on DM basis. 
 
Statistical analysis 
 

Data collected of for the first and second studies were subjected to statistical analysis as one way 
analysis of variance according to SPSS (2008). Duncan’s Multiple Range Test Duncan (1955) was used 
to separate means when the dietary treatment effect was significant according to the following model:  
Yij = μ + Ti + eij         Where: Yij = observation.    μ = overall mean.  
Ti = effect of experimental diets for i = 1-5, 1 = (D1 contained 24% clover hay (CH) in basal diet; 2= 
(D2 replaced 25% of CH in basal diet by  Strawberry by-products (SBP), 3= (D3 replaced 50% of CH 
in basal diet by SBP; 4= (D4 replaced 75% of CH in basal diet by  SBP and 5= (D5 complete replacing 
100% of CH in basal diet by  SBP.   
eij = the experimental error. 
 
Results  
 
First section  
 
The nutritional evaluation  
 
Chemical composition of tested ingredients  
 

Data presented in Table (1) cleared that the chemical composition of SBP was superior in ether 
extract, nitrogen-free extract, gross energy, digestible energy, metabolizable energy, net energy, neutral 
detergent fiber, acid detergent fiber and cellulose; gross energy, digestible energy, metabolizable energy 
and total digestible nutrients contents in comparison with clover hay. Meanwhile, dry matter, organic 
matter and crude protein contents were in the same range for both SBP and CH. Moreover, clover hay 
contains a higher values of crude fiber and ash than SBP. 

  
Composition of different experimental rabbit diets 
 

Data illustrated in Table (2) showed that the different experimental diets were iso caloric and iso 
nitrogenous. Values of protein among the five tested rations (D1-D5) were ranged from 18.30 to 18.56%. 
On the other hand the digestible energy values were ranged from 3207 to 3210 (kcal/ kg DM) among 
the five diets. All parameters determined of chemical analysis were similar for the different 
experimental diets regardless the phytochemicals content of (SBP) used.  
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Table 1: Chemical analysis of strawberry by-products (SBP) and clover hay (CH).  
Item Tested materials 

Strawberry  
by-products (SBP) 

Clover hay 
(CH)  

Moisture 9.55 9.76 
Chemical analysis on DM basis 
Organic matter (OM)          
Crude protein (CP) 
Crude fiber (CF)        
Ether extract (EE)        
Nitrogen-free extract (NFE) 
Ash  

89.12 
14.89 
11.75 
3.22 

59.26 
10.88 

88.65 
15.08 
24.16 
1.76 

47.65 
11.35 

Cell wall constituents    
Neutral detergent fiber (NDF)                   
Acid detergent fiber (ADF)          
Acid detergent lignin (ADL)      
Hemicellulose1 
Cellulose2 

28.12 
22.11 
6.03 
6.01 

16.08 

26.44 
19.65 
5.85 
6.79 

13.80 
Nutritive values kcal/ kg DM feed 
Gross energy (GE) 
Digestible energy (DE) 
Metabolizable energy (ME) 
Net energy (NE) 
Total digestible nutrients (TDN) 
Digestible crude protein (DCP) 

4091 
3109 
2549 
1427 
70.18 
10.16 

3998 
3038 
2491 
1395 
68.58 
10.32 

1Hemicellulose = NDF – ADF                 2Cellulose = ADF – ADL 
Gross energy (kilo calories per kilogram DM) was calculated according to Blaxter (1968) where, each g of crude protein (CP) = 5.65 kcal, 
each g of ether extract (EE) = 9.40 kcal and each g crude fiber (CF) and nitrogen-free extract (NFE) = 4.15 kcal. 

 
Table 2: Composition (kg/ton) and chemical analysis of the experimental diets. 

Item 

Levels of replacement of clover hay (CH) with strawberry  by-products (SBP) 
D1 
0%  
SBP  

D2 
25%  
SBP 

D3 
50%  
SBP 

D4 
75% 
SBP 

D5 
100%  
SBP 

Composition (kg/ton)  
Clover hay 
Strawberry by-products (SBP) 
Yellow corn (YC) 
Barly grain 
Soybean meal 
Wheat bran 
Lime stone 
Di-calcium phosphate 
Vit. & Min. mixture*  
DL-Methionine 
Anti fungal agent 
Sodium chloride 

240 
- 

220 
60 

170 
280 
10 
10 
3 
1 
1 
5 

180 
60 
220 
60 
170 
280 
10 
10 
3 
1 
1 
5 

120 
120 
220 
60 
170 
280 
10 
10 
3 
1 
1 
5 

60 
180 
220 
60 
170 
280 
10 
10 
3 
1 
1 
5 

- 
240 
220 
60 
170 
280 
10 
10 
3 
1 
1 
5 

Chemical analysis 
Moisture 8.14 8.25 8.18 8.23 8.21 
Chemical analysis on DM basis 
Organic matter (OM)          
Crude protein (CP) 
Crude fiber (CF)        
Ether extract (EE)        
Nitrogen-free extract (NFE) 
Ash  

91.03 
18.56 
9.34 
3.18 

59.95 
8.97 

91.14 
18.47 
9.45 
3.13 
60.09 
8.86 

91.11 
18.38 
9.71 
3.10 
59.92 
8.89 

91.07 
18.35 
9.82 
3.15 
59.75 
8.93 

91.09 
18.30 
9.85 
3.17 
59.77 
8.91 

Nutritive values kcal/ kg DM feed 
Gross energy (GE) 
Digestible energy (DE) 
Metabolizable energy (ME) 
Net energy (NE) 
Total digestible nutrients (TDN) 
Digestible crude protein (DCP) 

4223 
3209 
2631 
1473 
72.44 
13.28 

4224 
3210 
2632 
1474 
72.46 
13.20 

4220 
3207 
2630 
1473 
72.39 
13.12 

4220 
3207 
2630 
1473 
72.39 
13.10 

4221 
3208 
2631 
1473 
72.42 
13.06 

* Vit. & Min. mixture: Each kilogram of Vit. & Min. mixture contains: 2000.000 IU Vit. A, 150.000 IU Vita. D, 8.33 g Vit. E, 0.33 g Vit. K, 
0.33 g Vit. B1, 1.0 g Vit. B2, 0.33g Vit. B6, 8.33 g Vit.B5, 1.7 mg Vit. B12, 3.33 g Pantothenic acid, 33 mg Biotin, 0.83g Folic acid, 200 g 
Choline chloride, 11.7 g Zn, 12.5 g Fe, 16.6 mg Se, 16.6 mg Co, 66.7 g Mg and 5 g Mn. 
D1: Rabbits received diet contained 24% clover hay (CH) and assigned as control. 
D2:Rabbits received diet that replaced 25% of CH in basal diet with strawberry by products (SBP). 
D3:Rabbits received diet that replaced 50% of CH in basal diet with SBP.  
D4:Rabbits received diet that replaced  75% of CH in basal diet with SBP.  
D5: Rabbits received complete replacement (100%) of CH in basal diet with SBP.  
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 Productive performance of the experimental groups 
Data of productive performances of the different experimental groups are presented in Table (3). 

Except for replacing 25% of CH with SBP (D2) in rabbit diets the other levels of replacement includes 
(50, 75 and 100%) of CH by SBP significantly (P<0.05) increased the final body weight, total body 
weight gain and average daily gain, meanwhile, insignificant (P>0.05) decreasing on feed intake was 
recorded, but  feed conversion was in significantly (P>0.05) improving was noticed when CH replaced 
by SBP at different levels.  

Inclusion SBP in rabbit diets as instead of CH insignificantly (P>0.05) decreased their feed intakes 
of (DM, CP, DCP, TDN, GE and DE) in comparison with the control one that fed diet contained clover 
hay only. Rabbits received diet replaced 75% of clover hay by SBP (D4)  showed the lowest intakes of 
DM, CP, DCP, TDN, GE and DE.  

Also, data of Table (3) showed that feed conversion (g intake /g gain) of DM, CP, DCP, TDN and 
(kcal intake /g gain) of GE and DE were in significantly (P>0.05) improved when SBP used as a partial 
substitute of CH in rabbit diets. The best feed conversion was recorded by the rabbits received basal 
diet with replacement SBP at the level 25% of clover hay (D2). 
 
Table 3: Productive performance of the experimental groups.  

 
Item 

Levels of replacement of clover hay (CH) with 
strawberry by-products (SBP) 

 
 
 
 

SEM 

D1 
0%  
SBP  

D2 
25% 
SBP 

D3 
50% 
SBP 

D4 
75% 
SBP 

D5 
100% 
SBP 

Rabbit No. 9 9 9 9 9 - 
Initial weight g  612 617 603 614 606 6.23 
Final weight, g 2321d  2339d 2383c 2454b 2559a 14.53 
Body weight gain, g 1709d 1722d 1780c 1840b 1953a 14.32 
Duration period, day 56 days  
Average daily gain, g 30.52d 30.75d 31.79c 32.86b 34.88a 1.32 
Feed intake as:  
Dry matter, g/h/d (DMI) 
Crude protein , g/h/d (CPI) 
Digestible crude protein, g/h/d 
(DCPI) 
Total digestible nutrient, g/h/d 
(TDNI) 
Digestible energy, kcal/h/d (DEI) 
Digestible energy, kcal/h/d (DEI) 

120.8 
22.42 
16.04 
87.51 
510.1 
387.6 

109.1 
20.15 
14.40 
79.05 
460.8 
350.2 

106.2 
19.52 
13.93 
76.88 
448.2 
340.6 

100.2 
18.39 
13.13 
72.53 
422.8 
321.3 

113.9 
20.84 
14.88 
82.49 
480.8 
365.4 

5.03 
0.82 
0.52 
2.75 

12.22 
10.08 

Feed conversion (g  intake/ g  gain) of 
Dry matter 
Crude protein  
Digestible crude protein 
Total digestible nutrient  
Gross energy (Kcal intake /g gain) 
Digestible energy (Kcal intake /g 
gain) 

3.96 
0.73 
0.53 
2.87 

16.71 
12.70 

3.55 
0.66 
0.47 
2.57 

14.99 
11.9 

3.34 
0.61 
0.44 
2.42 

14.10 
10.71 

3.05 
0.56 
0.40 
2.21 

12.87 
9.78 

3.27 
0.60 
0.43 
2.36 

13.78 
10.48 

0.12 
0.03 
0.03 
0.09 
0.33 
0.27 

a, b, c and d: Means in the same row having different superscripts differ significantly (P<0.05) 
SEM: standard error of the mean.                
D1: Rabbits received diet contained 24% clover hay (CH) and assigned as control. 
D2:Rabbits received diet that replaced 25% of CH in basal diet with strawberry by products (SBP). 
D3:Rabbits received diet that replaced 50% of CH in basal diet with SBP.  
D4:Rabbits received diet that replaced  75% of CH in basal diet with SBP.  
D5: Rabbits received complete replacement (100%) of CH in basal diet with SBP.  
 
The second section

 
The economic returns of incorporation dried strawberry by-products (SBP) in rabbit diets as a 
replacing for clover hay (CH). 

The total cultivated area of the Egyptian strawberry crop in 2017 amounted to 11.1 thousand 
hectares, with a total quantity of produced, exported and manufactured reached about 0.407 million 
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tons, 40 thousand tons, and 0.172 million tons respectively, The amount directed to manufacturing 
contributes to the production with about 24.5 thousand tons of dry strawberry fodder, which is included 
in the composition of rabbits, instead of the clover crop as shown in Table (4). 

 
Table 4: Quantity of dry residues of different manufactured goods of strawberry crop.   

Item   
The cultivated area is 1,000 hectares 11.1 
Quantity produced million tons 0.407 
Total exports thousand tons 40 
The total amount of million tons 0.367 
% Manufacturing 47 
Quantity manufactured million tons 0.172 
% of the waste dryer 14.2  
The quantity of the waste is 1000 tons  24.42  
% of  loss 25  
The quantity of waste per 1000 tons 92 
The quantity of dried waste is 1000 tons  14.5 

Source :www.un.org › www.fao.org/egypt/ar/ (2017). 

 
Study the effect of dry strawberry substitutes on the final weight of the product 

Table (5) shows that the percentage of dry feces in rabbit feed instead of alfalfa and the effect of 
this on the final weight of the rabbit. The reduction of the alfalfa percentage in the feeding by 25%, 
50% and 75%  and the dry strawberry substitutes instead of alfalfa resulted in increased the final weight 
of Rabbit by about 18 g, 62 g, 133 g, with an increasing rate of about 0.78%, 2.67% and 5.37% 
respectively, It was also found that feeding the rabbits on an alfalfa completely free diet and replacing 
dry strawberry instead of percentage alfalfa contributed to the rabbit's final weight by 238 g, with an 
increasing of about 10.3%. 
 
Table 5: Different ratios of clover hay (CH) and dry strawberry by-products (SBP) in feed for rabbits. 

 Increasing  
in weight 

%  

The final weight 
of the rabbit 

(Kg  )  

Cost of Clover 
hay (LE / ton) 

Strawberry by-
products (kg / 

ton) 

Clover 
hay 

(Kg / ton) 

% 
Clover 

hay  
-  2.321  720  -  240  100 

0.78  2.339  540   60  180 75  
2.67  2.383    360     120  120  50  
5.73  2.454  180 185  60  25  

10.25  2.559  -  240  -  -  
Source: - www.un.org, Research (2017). 

 
Study the effect of replacement clover hay by dry strawberry on the final product price 

Table (6) shows that the effect of substitution of dry strawberry fodder on the final sale price of 
the rabbit, It was found that in the case of feeding rabbits on a 100% dry alfalfa, which represents about 
24% (240 kg per ton), the total amount of alfalfa needed to feed the rabbit / cycle is about 1.617 kg. 
While the total number of rabbits in 2017 was about 1.83 million Rabbit, it should provide about 2.959 
million tons of feed, worth 8877 million dollars. while in the case of feeding on a diet where the 
percentage of dry alfalfa is reduced by 75%, 50%, 25% to replace the dry strawberry leaves where the 
dry alfalfa is located, the amount of dry alfalfa required is reduced by 18%, 12%, 6% To feed the rabbit 
in the cycle is about 1.617 kg, 1.010 kg, 0.714 kg, 0.367 kg with total amount and value of the total 
number of rabbits of about 2959 thousand tons, 2015 thousand tons, 1307 thousand tons, 672 thousand 
tons, a total value of about 8877 million dollars ($), 6045 million $,  3921 million $, 2016 million $.  

As shown in the next table, increasing the percentage of dry strawberry about 25%, 50%, 75% and 
100% can result in a reduction in the final kilogram sale price by 6%, 12%, 18% and 24% to reached 
about EGP 37.6, LE 35.2, LE 32.8, LE 30.4 with compared to the kilogram price which reached about 
EGP 40 for nutrition, containing a dry clover containing 240 grams of dry alfalfa / ton.  
 
 

http://www.fao.org/egypt/ar/
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Table 6: Effect of substitution of dry strawberry by-products (SBP) on the final selling price of the 
product 

Price of 
final 

product 
kg in 

pounds 

Total dry alfalfa feed 

Statement 2017 

Value of 
one 

million 
pounds 

Quantity 
of  

million 
tons 

Average 
quantity 
of CH / 
rabbit 
(kg) 

% of 
clover 

hay 

Total 
consumed 

feed  / 
rabbit / 

cycle (kg) 

   % of 
clover 
hay in 
feed 

40 8877 2.959 1.617 24 6.737 100 
3000 LE Price of dry 

clover hay 
ton  

37.6 6045 2.015 1.010 18 5.611 75 
1.83 

million 
rabbits   

Total 
number of 

rabbits 
35.2 3921 1.307 0.714 12 5.947 50  
32.8 2016 0.672 0.367 6 6.110 25 
30.4 - - - - 6.378 - 

Source: www.un.org, Ministry of Agriculture and Land Reclamation data Statistical Bulletin, Research (2017).  

 
The possibility of providing the required dry strawberry amount of strawberries 

Table (7) shows that the total quantity of dry strawberry fodder, which can be substituted for alfalfa 
in the feed by different percentages, reached about 36.5 thousand tons, distributed among 47% of 
manufacturing, 25% of the amount of waste as shown in Table (4) , and that the amount of strawberry 
can contribute to the production of about 6.4%, 3%, 1.9%, 1.4% of the total amount of feed required to 
feed about 1.83 million rabbits and if the replacement of dry strawberry substrate replaced alfalfa by 
25%, 50% 75%, 100 as shown in Table (7). This quantity contributes to the production of 189.4 
thousand tons of strawberries, 60.5 thousand tons of alfalfa, 24.8 thousand tons of clover hay, 9.4 
thousand tons of clover hay, worth 568.2 million pounds, 181.4 million pounds, 74.4 million pounds, 
28.2 million pounds, in the case of replacing the clover hay with dry strawberry by-products in a feeding 
feed of 25%, 50%, 75% and 100% respectively. 
 
Table 7: The total amount of dried strawberry leaves required for the production of the feed.  

The total quantity of 
dry residue required 

per 1000 tons 

Quantity of  
dry residue  

kg / feed 

%  
residue 

The amount of the 
rabbit's feed in the 

cycle (Kg) 

% 
residue 

Total dry 
residue per 
1000 tons 

616.7 336.7 6  5.611 25 39.5 
1306.6 713.6 12 5.947 50 39.5 
2013.0 1099.8 18 6.110 75 39.5 
2801.7 1530.7 24    6.378 100 39.5 

Source: Compiled from Table (5) and Research (2017). 

 
Expected areas of strawberry crop 

To achieve the full benefit of the residue and replace the main crop, increase the cropping area of 
the crop as summarized in Table (8) for strawberry crop area should increase by 175.5, about 371.9, 
about 572.9, and about 797.4 thousand hectares, In order to obtain a quantity of residue that can replace 
the dry clover crop of about 663,862, about 1406.91 and about 2167.212, and about 3016.469 thousand 
tons of dried strawberries to replace dry alfalfa crop by 25%, 50%, 75% and 100% respectively. 

 
Table 8: Expected areas of strawberry crop. 

Feed strawberry 
% Residue  Required area (thousand hectares) 

25 175.5 
50  371.9 
75  572.9 

100 797.4 
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Discussion  
 

Essential nutrient and beneficial phytochemicals in strawberry seem to have relevant biological 
activity on general health (Alvarez-Suarez et al., 2011). So, we think that these results mentioned that 
to importance of using SBP in rabbit ration formulations on the basis of it is good untraditional sources 
of energy and protein near from the CH that considered the main source and used in a large scale in 
ration formulation of the different farm animals or livestock or rabbits. These results were within the 
values that obtained by (Omer et al., 2011). 
Data of growth performance revealed that their were significantly (P<0.05) increased in final body 
weight, total body weight gain and average daily gain, these significant results may be due to the 
antioxidant activity and phenolic content in SBP as well as with the capacity of promoting the action of 
antioxidant enzymes (Alvarez-Suarez et al., 2011). Meanwhile, the insignificant effect on feed intake 
may be due to the unpleasant smell of butyric acid which configured as a result of resistant starch 
(Champ et al., 2003).  

Rabbits received basal diet with replacement SBP at the level 100% of clover hay (G5) increased 
the final body weight, total body weight gain and average daily gain by 10.25, 14.28 and 14.29%, 
respectively comparing to control (received diet not contained SBP). These results may be due to the 
sulfur volatiles in strawberry (Du et al., 2011), which is a main component of the biochemical structure 
of the amino acids such as cysteine, methionine, taurine and glutathione (McGrath and Raines, 2011). 

Occurring decreased feed intakes of (DM, CP, DCP, TDN, GE and DE) in rabbits fed diets 
containing SBY in comparison with the control one may be due to the strawberry aroma which is very 
complex, certain compounds have been described as main contributors, i.e. furanones, aldehydes, 
alcohols, sulfur compounds and particularly methyl and ethyl esters (Moreno et al., 2010).  
The in significantly (P>0.05) improving that recorded when SBP used as a partial substitute of CH in 
rabbit diets in the present work may attribute to the effect of resistance starch in (SBP) which suitable 
to improve the cecum fiber digestion by eliminates the hazard microorganisms (Duan and Zhao, 2009).  

To achieve the full benefit of the residue and replace the main crop, increase the cropping area of 
the crop for the strawberry crop, the area should increase by 175.5, about 371.9, about 572.9, and about 
797.4 thousand hectares, in order to obtain a quantity of residue that can replace the dry clover crop of 
about 663,862, about 1406.91 and about 2167. 212 and about 3016.469 thousand tons of dried 
strawberries to replace dry alfalfa crop by 25%, 50%, 75% and 100% respectively. These target areas 
can be reached by working to achieve the horizontal expansion strategy targeted by the state to reclaim 
a new numbers of feddans as noted by (www.fao.org/egypt/ar/ 2017; www.un.org, Ministry of 
Agriculture and Land Reclamation data Statistical Bulletin, Research 2017 and www.un.org, Research, 
2017). 
  
Recommendation 

From the present work, the results obtained it can be mentioned that strawberry by-products (SBP) 
can be used as a good unconventional source of protein, also, it can be considered as alternative 
feedstuffs for clover hay in rabbit diets formulation without occurred any adverse effect on their 
performance. Also, when inclusion SBP in rabbit diets, the feeding cost will be decrease the total cost 
of production, consequently it can be considered that strawberry by-products a cheap source of 
ingredients can be used economically in rabbit diets formulations. 
 
Conclusion  

Finally, from the data illustrated, it could be mentioned that replacing the clover hay with 
strawberry by-products that used as untraditional source of feedstuffs that have low cost in rabbit ration 
formulation occurred an improving in their performance and decreased their feeding costing. 
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