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Abstract
This study addressed the effect of unconventional by-products on growth performance, carcass
characteristics, some blood parameters, and caecal activities in New Zealand White (NZW) rabbits. A
total of 48 weaned NZW rabbits (748 ± 9.50 g BW, 6 weeks old), randomly assigned into three treatment
groups (16 each, individually housed), were fed a basal diet containing BBP at 0.00 (Control), 1.00
(Broc1) or 3.00 (Broc2) % on a dry matter (DM) basis as feed additives, for 8 weeks. The Broc2 rabbits
showed the highest (P < 0.05) body weight gain and feed intake followed by the Broc1 group compared to
the control one. Feed conversion ratio and performance index did not differ (P > 0.05) among treatments.
Nutrient digestibility was higher (P < 0.05) for Broc1 and Broc2 rabbits compared to the control. Both
Broc1 and Broc2 rabbits showed higher (P < 0.05) empty edible carcass, giblets, dressing, head, liver,
heart and kidney weights, but showed a lower non-edible carcass weight compared to the control. Blood
proteins and liver function enzymes were increased (P < 0.05) whereas the glucose, total cholesterol, uric
acid and creatinine were decreased (P < 0.05) in Broc1 and Broc2 rabbits compared to the control. The
caecal concentration of total volatile fatty acids was increased (P < 0.05) but that of ammonia was
decreased (P < 0.05) with Broc1 and Broc2 groups of rabbits compared to those of control. Thus, dietary
supplementation of BBP at 3% of DM in rabbits’ diets could improve their growth performance, carcass
traits, liver function and blood pro�le as well as the caecal fermentation parameters.

Introduction
Currently, the pro�tability of animal production enterprises is threatened by shortages and price rises of
conventional feedstuffs due to the negative impact of global climate change on agriculture production
and the increasing food-feed-fuel competition for the same valuable limited resources. On the other side,
there is an increasing demand for animal products worldwide. Therefore, the major challenge facing the
livestock industry is the development of commercial, cost-effective diets using locally available, cheap
and non-conventional/underutilized feed resources keeping in mind the environmental and product
quality considerations. Recycling vegetable wastes into feeds for animals will contribute to animal
feeding and human food security as well as to environmental health (Bakshi et al., 2016; Shurson, 2020).

Broccoli is a vegetable that belongs to the family Cruciferae and genus Brassica (Campas-Baypoli et al.
2009). Approximately 70% of the total weight of the broccoli is usually discarded in the �elds generating
high quantities of leaves, stalks and �orets as crop residue of which a small percentage is used as
animal feed without any kind of treatments (Campas-Baypoli et al. 2009). Broccoli by-products (BBPs)
are palatable and nutritious feeds of adequate protein, �ber and ash contents as well as fatty acids
(linolenic acid, palmitic acid and linoleic acid) and amino acids (tyrosine, aspartate, glutamate, proline
and valine) (Campas-Baypoli et al., 2009; Panwar et al., 2017; Meneses et al., 2020). Also, BBPs are rich in
glucosinolates and polyphenolic compounds as well as other bioactive components (e.g., carotenoids,
�avonoids, and peroxidase) known for their health-promoting properties (Duarte-Va´zquez et al., 2007;
Harbaum et al. 2007; Thomas et al., 2018).
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Few studies have been done on the utilization of BBPs as an alternative feed source; the major �ndings
of these studies in various animals are described in the following section. Growth performance was
improved in rabbits fed 6% BBPs as a substitute for alfalfa hay compared to those fed a control diet free
from BBPs (Ibrahim et al. 2011). However, nutrient digestibility was decreased in broiler chickens fed 9%
compared to 3 or 6% of dried broccoli �oret (Mustafa and Baurhoo, 2016). Recently, in vitro assay
indicated that dried broccoli residues (�orets and stems) could replace up to 24% of the conventional
concentrate (wheat, soybean meal and wheat bran) in ruminant diets without compromising rumen
fermentation (de Evan et al., 2020).

Yet, the nutrient and bioactive compound pro�les of BBPs deserve more investigation, particularly as a
feed additive in animal feeds. This study, therefore, was designed to estimate the effect of BBPs, as a
nontraditional feed additive, on growth performance, nutrient digestibility and feeding value, carcass
traits, some blood parameters, and biochemical traits of caecal activity in rabbits.

Materials And Methods
Broccoli by-product and experimental diets 

An adequate amount of BBPs (heads, leaves and false stems) was directly collected after harvest
(moisture content ~ 90%), chopped into 2-3 cm pieces, sun-dried for 2 weeks and then grounded and
stored until mixing with the other ingredients for formulating the experimental diets. The proximate
composition of BBPs and the experimental diets was performed according to the Association of O�cial
Analytical Chemists method (AOAC, 1996). Feed ingredients and the nutrient composition of the
experimental diets are shown in Table 1. The experimental diets were formulated to be iso-caloric (~2500
kcal DE/kg diet) and iso-nitrogenous (~17% CP). Diets were prepared in pellet form that included
adequate levels of nutrients to ful�ll the necessary nutrient for growing rabbits according to the
Agriculture Ministry Decree (1996).

Animals, experimental design, and management

A total of 48 weaned NZW rabbits (748 ± 9.50 g BW, 6 weeks old) were individually housed in galvanized
wire batteries and randomly assigned into three treatment groups (16 rabbits each) and fed one of 3
diets: control diet, basal diet free from BBPs (Broc0); basal diet plus 1% BBPs (Broc1), or basal diet plus
3% BBPS (Broc2) as feed additives, on dry matter (DM) basis for 8 weeks. Rabbits were fed ad
libitum with free access to fresh water via automatic drinkers with nipples for each battery. Rabbits were
monitored daily and managed under the same environmental and hygienic conditions and were given the
appropriate vaccinations. Feces and urine were cleaned every morning when dropped from the cages on
the ground. At the beginning of the experiment, all rabbits were individually weighed, and then weekly
before offering a meal in the morning until the 14th week of age. The feed intake was recorded weekly
throughout the feeding period of the experiment. The live body weight, body weight gain, feed
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consumption, feed conversion, and the performance index% (PI) = {�nal live body weight kg/feed
conversion × 100}, were calculated accordingly. 

Digestibility trial

In the last week of the feeding period of the experiment, 3 rabbits from each treatment group were
randomly selected and individually housed in metabolic cages and received the same feeding regime and
dietary treatments of the feeding trial. Individual feed intake was carefully determined, and the daily total
amount of feces for each rabbit were taken every morning for the 7- d collection period. The feces were
sprinkling with 2% boric acid as a trap for not releasing ammonia and were immediately frozen at -20oC
until the end of the collection phase and then composite samples for each rabbit were prepared for
analysis. Feces of each rabbit were thoroughly mixed, dried at 60 oC for 24 hours, then representative
samples were prepared and kept until analysis. Diets and feces were analyzed for the proximate
composition according to AOAC (1996) and digestion coe�cients were calculated accordingly.

Carcass traits

On the �nal day of the feeding period of the experiment, 3 rabbits from each treatment group were
randomly chosen and fasted for 12 hrs. Rabbits were weighed individually, and the pre-slaughter weight
was recorded, and then the rabbits were slaughtered. After complete skinning and bleeding, the empty
carcass with head, heart, kidneys and liver were weighed separately according to Cheeke (1987) to
determine the carcass traits (empty carcass, giblets, dressing (total edible parts) and non-edible parts
weights. 

Blood parameters

Blood samples from slaughtered rabbits, 3 in each group, were taken in heparinized sterile tubes for each
animal immediately after slaughtering and plasma was obtained by centrifugation at 3000 rpm for 20
min and stored at -20 0c until the analysis of blood parameters. Plasma was used for the determination
of the total protein by the Biuret method according to Henry et al. (1974) and total albumin by Doumas et
al. (1971), globulin concentration was calculated as the difference between the total protein and albumin.
Creatinine was determined according to Henry et al. (1974) and plasma glucose was determined
according to the procedure of Coles (1986). Plasma aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) activities were assayed according to the procedures of Reitman and Frankel
(1957). Total cholesterol was determined according to Allian et al. (1974) using bio Merieux test kits, and
uric acid was determined according to Tietz (1986). All biochemical blood constituents were determined
using a spectrophotometer (Spectronic 21 DUSA) and commercial diagnostic kits (Combination, Pasteur
Lap.). 

Caecal microbial activity      
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At the end of the feeding period of the experiment, 3 rabbits of each treatment group were randomly
selected, deprived of feed for 12 hours and then slaughtered for cecal contents sampling to measure
cecal �uid pH, ammonia nitrogen (NH3-N) and total volatile fatty acids (TVFAs). The cecal �uid samples
were strained through four folds of gauze and the pH was immediately determined using the Bechman
pH meter. The NH3-N concentration was determined using the micro-diffusion method according to
Conway (1958). The TVFAs concentration in cecal contents juice, mixed with 1 ml N/10 HCL + 2 ml
orthophosphoric acid/2 ml cecal �uid, was determined according to Eadie et al. (1967). 

Statistical analysis

Data were evaluated using the one-way analysis of variance procedure (SAS, 2000) using the following
�xed model: 

Yi = μ + Ti + ie

Where   Yi = The individual observation; μ = Overall mean; Ti = Effect of treatments. (i = 1, 2 and 3); ie =
Random error component assumed to be normally distributed. Differences between treatment means
were detected by Duncan's multiple range test (Duncan, 1955). The results are presented as means ±
standard deviations. Signi�cance was set at P < 0.05.

Results And Discussion
Chemical composition of the broccoli by-products

Chemical analysis of BBP is presented in Table 2. Results showed that dried BBPs had an acceptable
value of CP, CF, EE, NFE and ash contents. Data showed that BBPs had higher contents of the CP (24.9%)
and ash (16.2%) on a DM basis. These �ndings are similar to those obtained by Alpuche-Solis and
Paredes-Lo´pez (1992) who found a relatively high protein content in �oret �ours (36.6% of DM) and stalk
�ours (18.6% of DM) and reported that the protein level measured in the whole plant �our of four cultivars
of broccoli ranged from 23.2 to 32.0% of DM. Results obtained by Ibrahim et al. (2011) revealed that the
chemical composition of BBPs for CP, CF, EE, NFE and ash, was 14.3, 23.9, 2.35, 45.9 and 13.6%,
respectively, being fairly similar in respect of EE and NFE with those recorded in the present work. Hu et al.
(2012) reported higher CP content (27.1%) and lower CF content (8.85%) than those obtained in the
present study (Table 2) for broccoli stem and leaf meal on a DM basis. In short, our �ndings suggest the
possible incorporation of BBPs (heads, leaves and false stems) with potential added values to animal
feed.

Growth performance  

Effects of BBPs supplementation on growth performance parameters of NZW rabbits are presented in
Table 3. Rabbits fed Broc2 diet showed the highest (P < 0.05) total body weight gain (WG) and feed
intake (FI) at 10 and 14 weeks of age, followed by those fed the Broc1 diet versus the control diet which
showed the lowest WG and FI values. Previously, rabbits fed diets containing 6% broccoli residues as a
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substitute for alfalfa hay showed an improvement in the �nal body weight and daily gain compared to
those fed a control diet free from broccoli residues, however, it had no signi�cant effect on feed intake
and feeding value (Ibrahim et al. 2011). In lactating dairy cows, replacing concentrate mixture with 20%
pelletized BBPs had no adverse effects on rumen fermentation but increased milk production numerically
and increased milk fat content signi�cantly (Yi et al. 2015). In sheep, Mahmoud (2016) pointed out
that both live body weight and daily gain were higher for lambs fed diets containing BBPs at a rate of 20
or 40% level in replacing to berseem hay. In contrast to our �ndings, Hu et al. (2011) indicated that
increasing dietary inclusion (0, 3, 6, or 9%) of dried broccoli leaves and stem meal for the diets of laying
hens had no signi�cant effect on productive performance. It has been shown that BBPs contain high
levels of vitamins E and C, calcium and phosphorus, as well as the most valuable amino acids (Hu et al.,
2012) in addition to glucosinolates, the bioactive compounds of Brassica vegetables (Gerendas et al.,
2008). Thus, the growth-promoting effect of BBPs might be due to their good nutrient pro�le and their
high content of bioactive compounds that promote productive performance (Gerendas et al. 2008; Hu et
al. 2012; Vallejo et al. 2004). Madhu and Kochhar (2014) revealed that broccoli leaves are available at no
cost and are rich in most micronutrients and macronutrients for the biological processes in animal feed.   

Regarding the feed conversion (FC) and performance index, results showed no signi�cant effect due to
the addition of different levels of BBP into the diet of rabbits (Table 3). In contrast to our
�ndings, Mahmoud (2016) concluded that the best FC (P<0.05) was found with 40% BBP in replacing
berseem hay for lambs, while the poorest one was associated with the control one. Also, Mustafa and
Baurhoo (2016) reported that incorporation of dried broccoli �oret residues at 3 and 6% levels increased
the FC ratio in broiler chicken diets. In piglets (four weeks old male weaned piglets), broccoli extracts
positively in�uenced WG and FC during the 1st week of the experiment only and there were no signi�cant
differences in productive performance between the tested and control piglets over the whole trial period
(Mueller et al. (2012). Regardless of the controversies among results that might be due to various
factors, these �ndings emphasize that the utilization of vegetable residue is a sustainable move in
animal production and environmental protection.

Digestibility 

The effect of BBPs supplementation in the diets of rabbits on digestibility coe�cients is summarized in
Table 4. Data obtained indicated that DM, OM, CP, CF, EE and NFE digestibility for Broc1 and Broc2 diets
was greater (P < 0.05) compared to those of the Broc0 diet. Accordingly, the feeding value in terms of
total digestible nutrient (TDN) and digestible crude protein (DCP) was greater in both tested diets versus
the control one. Similar results were reported by Mahmoud (2016) who indicated that
digestion coe�cients of CP and NFE and subsequently feeding values in terms of TDN and DCP
were higher for lambs received diets containing BBPs at a rate of 20 or 40% level in replacing to berseem
hay in their diets. Ibrahim et al. (2011) found that rabbits fed diets contained 3 or 6% BBPs replacing to
alfalfa hay increased digestion coe�cients of DM, CP and CF and feeding values (TDN and DCP)
compared to the control diet, but no signi�cant effect was recorded regarding digestibility coe�cients of
OM, EE and NFE. The improved digestion coe�cients in rabbits fed BBPs might be due to the improved
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caecal ecosystem and caecal morphology exerted by broccoli �ber as recorded by Paturi et al. (2010). In
contrast, Mustafa and Baurhoo (2016) reported that dried broccoli �oret residues incorporated at a rate of
3 or 6% did not affect nutrient digestibility. However, the ileal and total tract nutrient digestibility were
compromised in broilers fed broccoli �oret at a high level of 9% compared to in those fed the control diet
(Mustafa and Baurhoo, 2016). Similarly, Mustafa and Baurhoo (2018) showed that the digestibility of
DM, OM and CP was decreased with increasing the level of dried broccoli �oret from 0 to 12% in the diets
of laying hens. 

Carcass traits

Data of carcass traits of slaughtered NZW rabbits are presented in Table 5. Results revealed that
insigni�cant differences were observed in pre-slaughter and non-edible parts weights due to the
addition of different levels of BBPs in the diets of rabbits. The obtained results indicated that the weights
of the empty carcass (with head), giblets and dressing (total edible parts) were higher (P < 0.05) for both
Broc1 and Broc2 diets than those of the Broc0 diet. A similar trend among the dietary treatments was
observed for head, liver, heart and kidney weights, with the highest values were found in the Broc2 diet
and the low ones were associated with the Broc0 diet. This improvement induced by the Broc2 diet might
be due to the ability of BBPs in preventing fat deposition, especially in inedible offal as has been
previously reported by An et al. (2010). In contrast, Ibrahim et al. (2011) revealed that rabbits fed a diet
that contained 3% or 6% BBPs as a substitute for lucerne hay in their diet had no change in weights of
inedible offal and carcass, digestive tract and chemical analysis of the 9, 10 and 11th ribs but has a lower
dressing percentage in comparison to control rabbits. 

Blood biochemical parameters  

The results of the blood plasma biochemical parameters of rabbits are presented in Table 6. Total protein,
albumin and globulin concentrations were higher (P < 0.05) for rabbits that received BBPs than those of
the control one with the highest value was observed with the Broc2 diet. Inversely, plasma glucose, total
cholesterol, uric acid and creatinine concentrations were lower (P < 0.05) with both tested diets than those
of control one with the lowest value was associated with the Broc2 diet. Similarly, Mahmoud
(2016) showed that lambs received BBPs at a rate of 40% in replacing to berseem hay increased
the concentrations of total protein, albumin and triglyceride, while those received BBPs at a rate of
20% recorded the highest values of globulin, creatinine and total cholesterol compared
with lambs received diet without any replacement. Kummer et al. (1981) showed that total protein and its
fractions can be used as an indicator to estimate the ruminant nutritional and physiological cases, so, the
increase in globulin production by the liver could re�ect the good hepatic functions of these animals and
correlates very well with high immunity (Griminger, 1986). In the same context, Craig (1999) mentioned
that albumin is one of the important protein fractions that keeps the osmotic pressure stable in the blood.
Both albumin and globulin results re�ect the ability of animals to store reserve proteins even after their
bodies have reached the maximum capacity of depositing tissues (Stroev, 1989). The present results are
in harmony with those reported by Cox-Ganser et al. (1994) who recorded that transfer of sheep from
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grazing grass to Brassica forage results in a reduction in plasma cholesterol. Similar results in human
patients were observed by Suido et al. (2002) who found that daily consumption of broccoli may be
useful in lowering the low-density lipoprotein cholesterol levels in hypercholesterolemic.

The AST and ALT enzyme activity was higher (P < 0.05) in rabbits that received Broc1 and Broc2 diets in
comparison with the control one. Additionally, Hu et al. (2011) mentioned that hepatic
hydroxymethylglutaryl-coenzyme A (HMG-CoA) reductase activity was decreased with increasing dried
broccoli leaves and stems meal supplementation. In general, the values obtained respecting blood
constituents in this work indicated that all rabbit groups were under normal physiological and healthy
status.

Caecum activity

The results concerning the caecal activities in terms of pH value, concentrations of TVFAs and NH3-N are
presented in Table 7. Results revealed no signi�cant differences between treatments in cecal pH value.
Rabbits fed Broc2 diet showed the highest (P < 0.05) concentrations of TVFAs while the lowest
values occurred with rabbits that received either 1% BBP (Broc1) diet or those of control diet (Broc0). The
concentration of ammonia followed the opposite trend of TVFAs among dietary treatments, but no
signi�cant difference was observed between Broc0 and Broc1 groups and both were signi�cantly higher
than that of the Broc2 diet. These results might be due to the glucosinolates content that is considered as
an important class of organic compounds including nitrogen and sulfur in BBPs which are health-
promoting compounds (Vallejo et al. 2004). Similarly, Mahmoud (2016) recorded that the values of
rumen pH and TVFAs concentration were increased, and the concentration of NH3-N was decreased
with the increase of BBPs meal supplementation compared with the control lambs. Also, Yi et al. (2008)
found little effect on in vitro gas production and ruminal fermentation in ruminant diets after replacing
soybean meal with pelletized BPPs. In addition, Yi et al. (2015) indicated that replacing concentrate
mixture with 20% pelletized BBPs had no adverse effects on rumen fermentation in lactating dairy
cows. Moreover, it has been reported in rats that fermentable oligosaccharides in BBPs may be bene�cial
to cecal microbiota, alter the cecal TVFAs and increase the crypt depth and goblet cell number in the
colon (Paturi et al. 2010) and thus protecting the gut ecosystem. Also, it has been revealed that BBP
improved the utilization of a low protein diet by conferring some protection in terms of the colon
morphology, via its antimicrobial properties against several microorganisms of clinical importance
(Brandi et al. 2006; Paturi et al. 2010). 

To this end, broccoli residues may vary in percentages of stalks, stems, leaves, and �orets which in turn
re�ect the variation in the content of nutrient and antinutritional factors in broccoli restudies preparations.
Broccoli residues contain the antinutritional compounds tannin, phytate and oxalate, saponins,
goitrogens, and trypsin inhibitor (Madhu and Kochhar (2014; Nagraj et al., 2020) which negatively affect
the assimilation of nutrients, particularly protein and minerals. A higher intake of broccoli residues may
impair gut function and metabolic performance due to these antinutritional compounds (Choudhury and
Khaled, 2014; Sinha and Khare, 2017; Nagraj et al., 2020). Further, the nutritional quality and the bioactive
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compounds in broccoli residues vary with broccoli cultivars, cultivation conditions, and pre-and post-
harvest processing (Ilahy et al., 2020). Thus, further studies are warranted on the biological effects of
different preparations of broccoli residues on animal performance and health.

Conclusion
Based on our results, it could be concluded that using broccoli by-products as an additive in the diets of
growing rabbits at a rate of 3% could improve productive performance, nutrient digestibility and carcass
traits as well as enhance liver functions. This implies that 3% BBP may be useful as a suitable un-
traditional feed ingredient in feeding rabbits.
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Table (1): Ingredients and calculated chemical composition of the experimental diet (as fed).
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Item                                                                                                 Experimental diet

Ingredients (%):  

Clover hay (12%CP) 30.00

Barley 17.00

Yellow corn 10.00

Soybean meal (44%CP) 17.00

Wheat bran 20.00

Molasses 3.50

DL-Methionine 0.10

Vitamins & minerals mixture1 0.50

Salt 0.50

Limestone 1.05

Di-Calcium phosphate 0.35

Total 100

Calculated analysis:   

Dry matter (DM), % 87.10

Crude protein (CP), % 17.08

Ether extract (EE), % 2.41

Nitrogen free extract (NFE), % 48.27

Ash, %    5.82

Digestible energy (DE) , kcal/kg 2513

Crude �ber (CF), % 13.52

NDF,% 37.81

ADF,% 21.76

Calcium, % 1. 01

Total phosphorus, % 0.52

Methionine, % 0.36

Lysine, % 0.82

DE:CP 147.11
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1- Supplied per Kg. of diet: 12000 IU Vit. A; 2200 IU D3; 10mg Vit.E; 2.0 mg Vit.K3; 1.0 mg Vit.B1; 4.0 mg
Vit.B2; 1.5 mg Vit.B6; 0.0010mg Vit.B12; 6.7 mg Vit. Pantothenic acid;6.67 mg Vit. B5; 1.07mg Biotin; 1.67
mg Folic acid; 400 mg Choline chloride; 22.3 mg Zn;10 mg Mn; 25 mg Fe; 1.67 mg Cu; 0.25mg I; 0.033 mg
Se and 133.4 mg Mg.l. 

 

 Table (2). Proximate chemical analysis of broccoli by-product used in the experimental diets (% DM
basis).

Broccoli by-product Items

DM OM CP CF EE NFE Ash

92.50 83.77 24.86 12.95 1.16 44.80 16.23

Table 3 Effects of dietary supplementation of broccoli by-products on growth performance of growing
NZW rabbits at different ages
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Item Experimental diets ±SE P value

  Broc0 Broc1 Broc2    

Initial body weight (g)           

   6 weeks 729.17 b 759.00 a 754.58 a ±5.44 0.0446

   10 weeks 1347.50 b 1385.00 ab 1410.83 a ±10.03 0.0297

   14 weeks 1958.75 b 2024.17 ab 2097.92 a ± 17.52 0.0027

Total weight gain (g)          

   6-10 weeks 618.33 625.00 656.25 ± 10.90 0.3507

   10-14 weeks 611.25 b 639.17 ab 687.08 a ± 14.35 0.0895

   6-14 weeks 1229.58 b 1264.17 ab 1343.33 a ±18.53 0.0343

Total feed intake (g)          

   6-10 weeks 1965.83 1942.08 1982.50 ±6.75 0001

   10-14 weeks 3094.58 c 3237.09 b 3412.92 a ±17.17 0001

   6-14 weeks 5060.42 c 5179.17 b 5395.42 a ±22.73 0001

Feed conversion ratio (g feed/g gain)          

   6-10 weeks 3.24 3.12 3.03 ±0.162 0.6902

 

   10-14 weeks 5.23 5.13 5.00 ±0.280 0.9482

 

   6-14 weeks 4.19 4.12 4.02 ±0.110 0.6264

 

Performance index 1 %          

   6-10 weeks 42.63 44.61 46.76 ±2.37 0.7603

   10-14 week 39.09 40.21 42.26 ±2.02 0.4640

   6-14 weeks 47.95 49.60 52.24 ±1.78 0.2642

Means bearing different letter superscripts (a, b and c) within the same row are signi�cantly (P ≤ 0.05);
n=16        
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1 Performance index % = �nal live body weight (Kg) /feed conversion*100; Calculated according to North
(1981).                           

Broc0 =group fed the basal diet (control), Broc1 = group fed the basal diet with (1% BBP) and Broc2=
group fed the basal diet with (3% BBP).

Table 4 Effects of dietary supplementation of broccoli by-products on digestion coe�cients of nutrients
and feeding values in growing NZW rabbits

Item Experimental diets ±SE P value

  Broc0 Broc1 Broc2    

Digestibility (%)          

   DM 67.75 b 73.52 a 74.93 a ± 1.20 0.0052

   OM 68.57 b 74.04 a 76.51 a ± 1.25 0.0019

   CP 69.06 b 74.53 a 76.68 a ± 1.21 0.0017

   CF 46.40 b 53.34 a 57.48 a ± 1.79 0.0062

   EE 76.43 b 80.26 a 81.84 a ± 0.843 0.0008

   NFE 73.61 b 78.79 a 80.98 a ± 1.16 0.0016

Feeding values:          

   TDN 66.68 b 71.94 a 74.29 a ± 1.20 0.0018

   DCP 13.14 b 14.18 a 14.59 a ± 0.0.230 0.0017

Means bearing different letter superscripts (a, b and c) within the same row are signi�cantly (P ≤ 0.05);
n=3                                     

Broc0 =group fed the basal diet (control), Broc1 = group fed the basal diet with (1% BBP) and Broc2=
group fed the basal diet with (3% BBP).

Table 5 Effects of dietary supplementation of broccoli by-products on carcass traits in growing NZW
rabbits
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Item Experimental diets ±SE P value

  Broc0 Broc1 Broc2    

Pre-slaughter (Fasted) (g) 1981.67 2106.67 2133.33 ±33.81 0.1422

Empty carcass wt. (g) 1058.33 b 1182.33 a 1256.33 a ±32.15 0.0072

Giblets (g) 96.70 c 104.40 b 107.27 a ± 1.60 0.0001

Dressing (Total edible parts) (g) 1155.03 b 1286.73 a   1363.60 a ±33.62 0.0058

Nonedible parts (g) 826.63 819.93 769.73 ±17.27 0.3889

Head wt. (g) 98.33 b 116.67 a 125.00 a ±4.17 0.0012

Liver wt. (g) 75.33 c 81.27b 83.67 a ±1.28 0.0003

Heart wt. (g) 7.20 b 7.97 ab 8.27 a ±0.164 0.0002

kidneys wt. (g) 14.17 b 15.17 a 15.33 a ±0.200 0.0052

Means bearing different letter superscripts (a, b and c) within the same row are signi�cantly (P ≤ 0.05);
n=3

Total edible parts wt. = Empty carcass wt. (with head) + edible giblets Wt.      

 Edible giblets Wt. = Liver wt. + Kidneys wt. + Heart wt.

 Total edible parts % = Total edible parts wt. / Fasted wt. *100

Broc0 =group fed the basal diet (control), Broc1 = group fed the basal diet with (1% BBP) and Broc2=
group fed the basal diet with (3% BBP).

Table 6 Effects of dietary supplementation of broccoli by-products on some blood parameters in growing
NZW rabbits
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Item Experimental diets ±SE P value

  Broc0 Broc1 Broc2    

Total protein (g/dl) 6.00 c 6.53 b 6.79 a ±0.116 0.0001

Albumin (g/dl) 3.64 c 3.71 b 3.81 a ±0.027 0.0017

Globulin (g/dl) 2.36 c 2.81 b 2.97 a ±0.092 0.0001

Glucose (mg/dl) 100.00 a 95.32 b 94.43 b ±1.05 0.0352

Total cholesterol (mg/dl) 115.60 a 101.10 b 195.0 b ±3.27 0.0001

Uric acid (mg/ dl) 9.82 a 7.16 b 6.34 c ±0.527 0.0001

Creatinine (mg/dl) 2.06 a 1.93 ab 1.89 b ±0.033 0.0414

Activity of AST (U/ l) 38.67 c 45.32 a  49.41 a ±1.58 0.0001

Activity of ALT (U/ l) 30.64 c 34.21b  37.37 a ±0.998 0.0002

Means bearing different letter superscripts (a, b and c) within the same row are signi�cantly (P ≤ 0.05)
different; n=3    

Broc0 =group fed the basal diet (control), Broc1 = group fed the basal diet with (1% BBP) and Broc2=
group fed the basal diet with (3% BBP).

Table 7 Effects of dietary supplementation of broccoli by-products on cecal microbial activity in growing
NZW rabbits

Item Experimental diets    

  Broc0 Broc1 Broc2 ±SE P value

pH 7.17 7.17 7.1 ± 0.054 0.7928

TVFAs (mq/dl) 1.10 b  1.20 b 1.40 a  ±0.049 0.0055

Ammonia (mq/dl) 23.52 a 23.05 a 16.80 b  ±1.105 0.0001

Means bearing different letter superscripts (a and b) within the same column are signi�cantly (P ≤ 0.05)
different; n=3        

Broc0 =group fed the basal diet (control), Broc1 = group fed the basal diet with (1% BBP) and Broc2=
group fed the basal diet with (3% BBP).


