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SUMMARY

(compensatory growth phenomenon) on growth and fattening buffalo calves performance. Twenty

four buffalo calves with an average 123+1.05 Kg live body weight (LBW) and aged six months old

were used in a feeding trial lasted for (150 — days) as restricted feeding period followed by (90- days)
as re-alimentation period using randomized complete block design. Animals were divided into four similar
groups (six calves per group) according to their LBW. During the feed restriction period, all animals’ groups
were fed the roughage portion (50% corn silage, 40% ammoniated — treated rice straw and 10% berseem hay) at
the ad libitum level with supplementation of concentrate feed mixture (CFM) at the levels of 1.5% (T1) as
control, 1% (T2), 0.5 (T3) and 0.00% (T4) as tested rations, based on their (LBW). Following, the restriction
period, all calves were fed on 2.5% CFM of their LBW plus 1% ammoniated treated rice straw (TRS) over re-
alimentation period. In the restricted feed period, results indicated that most of nutrient digestibilities were
significantly (P<0.05) lower with the restricted rations (T2, T3 and T4) than those of control group (T1). Vice
versa trend was associated with CF digestibility among the dietary treatments. The feeding values as TDN, DCP
and DE were followed comparable trends to those of nutrient digestibilities among treatments. Also, the DMI of
calves fed restricted (T3 and T4) rations were significantly (P<0.05) lower than those calves fed restricted rations
(T2) and unrestricted ration (T1). Daily gain was decreased significantly (P< 0.05) with calves restricted feed
rations (T3 and T4) than those of the restricted ration (T2) and control groups (T1), but no significantly
difference was found between T1 and T2 in this item. Likewise, feed conversion (as Kg DM or TDN /kg gain)
was decreased significantly (P<0.05) with all calves fed restricted (T2, T3 and T4) rations compared with non-
restricted (T1). Blood serum total protein and albumin concentrations were significant lower (P<0.05) for all
restricted rations than that of control one. During re-alimentation period, results indicated that calves fed
restricted rations (T2, T3 and T4) consumed significant lower DMI and achieved significant higher daily gain in
comparison with those of unrestricted group (T1). Also, feed conversion ratio was significantly better with
restricted groups vs. the unrestricted one (control). Over the whole experimental period (240 - days), DM intake
of calves fed restricted rations (T2, T3 and T4) were significantly (P<0.05) lower than that of non-restricted (T1).
Average daily gain of calves fed unrestricted rations (T1) and restricted ration (T2) were significantly (P<0.05)
higher than those of restricted rations (T3 and T4). Calves fed restricted ration (T2) was significantly (P<0.05)
better in feed conversion than those of the restricted rations (T3 and T4) and control one (T1). The improvement
of economic efficiency based on control ration (100%) were 108.19, 113.31 and 125.26% % for the tested rations
(T2, T3 and T4), respectively. Based on this study, results indicated that all calves fed restricted rations (T2, T3
and T4) in re-alimented period gave significant better growth performance, daily gain and feed conversion ratio
over the re-alimented period, being incidencing the compensatory phenomenon which led to potential positive
effect on economical efficiency over the whole period of fattening calves.

Keywords: Fattening buffalo calves, feed restriction and re-alimentation, growth performance and
economic efficiency.

This study was conducted to investigated the effects of feed restriction at early age and re-alimentation

INTRODUCTION

The feeding regimen is play an important role in beef production management where many feeding
systems and models were established according to the prevailing natural resources and socio — economical
conditions of a region. In Egypt, the acute shortage in feed resources particularly in summer season may be
partially alleviated through the following some more efficiency feeding systems for specifically growing —
fattening cattle (Mostafa et al., 1993). The important nutritional factors that significantly affect on beef cattle
performance and its carcass and meat quality are energy and protein levels in diets, its sources and intake,
roughage concentrate ratio, vitamins, minerals, additives as well as the feeding and production systems. One

Issued by The Egyptian Society of Nutrition and Feed



Mostafa et al.

of the most suitable feeding system used for meat production operation in Egypt that dependable on feeding
weaned calves over approximately 6- months on berseem forage alone or with little amount of concentrate
feed mixture, followed by about 5- months on dry high energy ration as finishing period. Earlier, Ainsile et
al. (1992) reported that calves can be successfully fed on high amount of forage during the growing period
then switched into higher concentrate with low forage diet for finishing period. Furthermore, Hanafy (1998)
fed steer on 0.5% of their body weight concentrates with basal ration of berseem in comparison with those
given 0.75 or 1% concentrate, the author found that restriction in concentrate group (0.5%) gave better
growth and feed utilization during finishing phase with the lowest feed cost / kg gain. Similarly with sheep,
Blackburn et al. (1991) and Allen et al. (1996) indicated that additional profits can be obtained by grazing
lambs on high — quality pasture before switched on the feedlot phase. Recently, Abouheif et al. (2013)
concluded that when integrating the feed restriction strategies into feeding management practices, the
complimentary effects of compensatory growth improve feed efficiency and reduce carcass fatness without
altering the final live body weight of lambs. In addition the production of leaner carcass, which meat a
healthier option to the consumers demand and the concomitant reduction of feeding costs may overcome the
probable drop in carcass grade value. It would be appreciated by both consumer and sheep producer and can
thus be adapted as a nutritional practice for growing — finishing lambs. Additionally with goats kids, re-
alimentation after 75 — d feed restriction was associated with a greater daily gain and less internal fat, in
corresponding of unrestricted kids (Dashtizadeh et al. 2008). The little knowledge, in particular with
buffaloes calves of modulator effects of feed restriction at early age followed by re-alimentation period (at
finishing phase) were undertake to study such effects on compensatory growth, nutritional utilization
efficiency and economical of experimental feeding system.

Therefore, the present study aimed to investigate the effects of feed restriction and re-alimentation
(compensatory growth) on growing and fattening buffalo calves performance.

MATERIALS AND METHODS

This research work was carried out at Mehalet Mousa Research Station, that belonging to Animal
Production Research Institute, Agriculture Research Center, Ministry of Agriculture, Kafr El Shiekh
Governorate, Egypt.

Animals and rations:

Twenty four buffalo calves with an average 123+1.05 Kg live body weight and aged five months old
were used in a feeding trial lasted for (150 — days) as restricted feeding period followed by (90- days) as re-
alimentation period using randomized complete block design. The experimental animals were divided into
four similar groups (six calves per group) according to their live body weight. During the restricted period
(growing phase), all animals’ groups were fed the roughage portion at the ad libitum (50% corn silage, 40%
ammoniated — treated rice straw (TRS) and 10% berseem hay (BH) at the ad libitum with supplementation of
concentrate feed mixture (CFM) at rate of 1.5% (T1) as control, 1% (T2), 0.5 (T3) and 0.0% (T4)
respectively, based on their body weight (LBW). Following, the restriction period, all calves were fed on
2.5% CFM of their LBW plus 1% ammoniated treated rice straw (TRS) as a roughage portion over re-
alimentation period (finishing phase). The pelleting CFM was consisted of 38% yellow corn, 32%
undecorticated cotton seed, 25% wheat bran, 3% molasses, 1% limestone and 1% common salt. The
chemical composition of the feed ingredients of the experimental rations and calculated chemical
composition of the experimental rations during restriction and re-alimentation periods are present in Table
(1). The experimental rations were offered twice daily (at 8 am and 3 pm) and fresh water was allowed
freely. All animals were vaccinated and managed in accordance of the established daily routine of the
livestock and they injected with vitamins AD3E to cover their requirements. The experimental animals were
weighted at the beginning of the experimental and then biweekly intervals along the experiment. The body
weight changes and daily gain were recorded for each animal. Economical efficiency was expressed as the
ratio between the cost of output (weigh gain) and the cost of input (feed consumed) where, feed cost was
based on the current price (LE/ton) of CFM, CS, TRS and BH as 3500, 550, 320 and 1250 L.E., respectively.
In addition, the price of live body weight was 55 LE/Kkg.

Digestibility trials:

Four digestibility trials were conducted with three buffalo calves chosen randomly from each group
during the restricted feed period, to determine the digestibility and feeding values of experimental rations.

236



Egyptian J. Nutrition and Feeds (2019)

Also, one digestibility trial was conducted during re-alimentation period to determine the digestibility and
feeding values of finishing ration using three calves chosen from the animals of this period. Acid insoluble
Ash (AIA) as a natural marker as described by (Van Keulen and Young, 1977) was employed. Fecal grab
samples of about 300g were collected from the rectum twice daily over 5- day at the end of the feeding trial
period. Blood samples were collected from all animals at the end of digestibility trials before morning
feeding from the jugular vein and these samples were immediately centrifuged at 4000 rpm for 20 minutes.
Blood serum was separated and stored at -25 0C until analysis.

Laboratorial analysis:

The chemical analysis of representative samples of feed and feces were analyzed according to (AOAC,
2000). Blood serum was separated from the whole blood to determine some blood serum parameters using
commercial kits of Bio-Merieus, lab, France, following the same steps described by manufactories as the
total protein, according to Armstrong and Carr (1964), albumin was analysed according to Doumas (1971)
and globulin was calculated by subtracting the albumin value from total protein. The activities of aspartate
aminotransferase (AST) and alanine aminotransferase (ALT) were analysed according to Reitman and
Frankal (1957).

Statistical analysis:

Statistical analysis was carried out by General Linear Model procedures (GLM) described in SAS User’s
Guide (SAS, 2003). Differences among treatment means were separated by Duncan's new multiple-range
test (Duncan, 1955).

RESULTS AND DISCUSSION

Chemical composition of ingredients and rations:

Chemical composition of ingredients and calculated experimental rations fed to calves during the
restricted and re-alimentation periods are presented in Table (1). These data revealed that the chemical
composition of concentrate feed mixture (CFM), corn silage (CS), berseem hay (BH), ammoniated rice straw
(TRS) and calculated composition of experimental rations are within the normal ranges published by

Table (1): Chemical composition of feed ingredients and calculated chemical composition of rations
(% on DM basis) through the feed restriction and re-alimentation periods.

Feedstuff Chemical composition %

DM OoM CP CF EE Ash NFE
CFM* 90.38 88.92 15.83 13.12 2.68 11.08 57.29
Corn silage 30.36 90.98 7.43 33.31 1.10 9.02 49.14
Berseem hay 91.30 86.82 13.93 35.95 2.59 13.18 34.35
Ammoniated R..S.* 89.63 81.18 6.32 36.47 1.31 18.82 37.08
Calculated experimental rations during feed restriction period:
Tl 72.63 88.10 11.65 24.52 1.98 11.90 49.95
T2 68.57 87.55 10.25 28.02 1.76 12.45 47.53
T3 62.47 87.40 8.96 31.33 1.53 12.60 45.58
T4 60.21 86.66 7.67 34.84 1.34 13.34 42.81
Calculated experimental ration during feed re- alimentation period :
Ration (All groups) 90.18 86.86 13.30 19.34 2.31 13.14 51.91

*CFM; contained 38% yellow corn, 32% undecorticated cotton seed, 25% wheat , 3% molasses, 1% limestone, 1%
common salt.
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Mostafa et al. (2015), Abou Elenin et al. (2016), Ghoniem, et al. (2017) and Abdou (2018). Also, data in
Table 1 showed that DM, OM, CP, EE and NFE contents decreased and CF and ash contents increased with
decreasing the levels of concentrate mixture in all restricted rations (T2, T3 and T4) than that of control
ration (T2, unrestricted ration). The Results here are similar with those reported by (Mostafa et al., 1993,
Gaafar et al., 2009, Mehrez et al., 2001 and El-Ashry et al., 2011 and Malisetty et al., 2014) who concluded
that increasing CFM levels in the rations led to an increase in OM, CP and NFE contents with decrease CF
content.

Digestion coefficients and feeding values:

Digestion coefficients and feeding values during the restricted and re-alimentation periods are presented
in Table 2 and 3. During the restricted period, data showed that digestion coefficients of most nutrients were
significantly (P<0.05) decreased with decreasing the levels of CFM in (T2, T3 and T4) restricted rations,
except the CF digestibility that was significantly (P<0.05) increased in comparison with non-restricted ration
(T1). These data are in harmony with those of Sayed (2009) who reported that nutrient digestibilities
improved with increasing levels of energy in lambs diets. Furthermore, Gaafar et al. (2009) revealed that
lactating buffaloes fed on two levels of concentrate : roughage ratio (60 : 40%) and (40 : 60%) with or
without baker’s yeast increased the digestibility of all nutrients with increasing CFM levels with or without
yeast in their rations. Also, the results are in agreement with the findings of El-Ashry et al. (2011) who
noticed that inclusion of different concentrate levels with corn silage for pregnant buffalo heifer diets had
improved the digestibility of DM, OM, CP, EE and NFE% with increasing the CFM in their rations which in
turn led to an increase in degradability of protein and the flow rate of microbial nitrogen to the lower gut.
With rabbits, during the restricted period Tumova et al. (2007) revealed that DM, CP and CF digestibilities
of diets were significantly (P<0.05) higher with restricted feed than those fed ad libitum, but no significant
differences were detected between restricted and non-restricted during the re-alimentation period. Also,
Abdou (2011) stated that nutrient digestibilities increased with lower level of energy (80%) than these with
higher levels of energy (100 and 120%) in ewes’ diets. This might be attributed to increase rumen microbial
activity and decreased DM intake for ewes fed lower level. Also, Steingass et al. (1994) decided that nutrient
digestibilities decreased with increasing the feeding levels of concentrate. While, Singh et al. (2014)
observed that the nutrient digestibilities not affected with decreasing levels of energy and protein in buffalo
heifer diets compared with control one. Moreover, data in Table (2) showed that calves fed restricted rations
(T3 and T4) recorded the lower digestion coefficients of most nutrients, this may be attributed, somewhat to
their excessively CF in the rations than that with restricted ration (T2) and non restricted ration (T1).

Table (2): Nutrient digestibility of the experimental rations used through the feed restriction and re —
alimentation periods with buffalo calves.

Exp. Digestion coefficients (%)

Rations DM oM cP EE CF NFE

Digestibility during feed restriction period:

T1 62.38°+0.14  67.16%+0.28 59.85a+3.32  76.70%1.10  42.87°+0.07  80.47°+1.07

T2 61.48°+0.30  65.50°+0.49  57.70°+0.88  74.41°+0.90 46.72°#1.31  77.92°+0.76

T3 59.17°+0.71  63.51°#0.59  39.52°+1.48  65.19"+0.96 49.23%+1.31  78.92%°+0.22

T4 56.80°40.29  60.62°40.01 34.41°+0.85  63.24"+2.98  52.70°%052  71.67°+0.39

P. value 0.0001 0.0001 0.0001 0.0012 0.0006 0.0001

Digestibility during feed re-alimentation period :

Rations' 70.36 72.54 75.06 71.95 46.04 81.78
Al groups. a ,b and ¢ means the same row with different superscripts differ (P<0.05).
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Regarding the, feeding values of the experimental rations respecting TDN, DCP and DE%, its values
could be behaved comparable trends to those of nutrient digestibilities among the dietary treatments with the
best values that were assured with control ration (T1) and the lowest ones were associated with the tested
ration (T4). These results are in close agreement with those results of Sayed (2009), Gaafar et al. (2009), El-
Ashry et al. (2011) and Ali et al. (2014) who indicated that a markedly improvement in TDN and DCP
values when increasing the level of CFM in the rations. In contrast, Singh et al. (2014) reported that the
nutritive values as DCP and ME of buffalo heifers fed rations contained different levels of energy and
protein were no affected.

Table (3): Feeding value of the experimental rations used through the feed restriction and re —
alimentation periods with buffalo calves.

Exp. ration Feeding values (%) of the experimental rations
TDN DCP DE (Mcal/Kg DMI)”
During feed restriction period
T1 61.10 ?+2.20 6.97°+0.39 2.69°+0.01
T2 58.98°+1.06 5.91°+0.08 2.60°+0.02
T3 57.18°+0.14 3.54°+0.13 3.54°+0.13
T4 53.59°+0.03 2.64%+0.07 2.64%£0.07
P. value 0.0001 0.0001 0.0001
During feed re-alimentation period
Rations (All groups) 65.09 9.98 2.87

DE (Mcal / Kg DMI) = 0.04409 x TDN%. (NRC, 2001).

a, b and c: Means in the same Colum with different superscripts are significantly different at (P< 0.05

Productive performance:
During the restriction period:

Results of feed intake, body weight gain and feed conversion during restricted period are presented in
Table (4). The daily DM intake expressed as a percentage of BW or as metabolic body size, were slightly
increased with most tested rations compared with control one, with only significant differences between T4
and each of T3 and control one (T1). On the other measurements, the daily feed intake that expressed as
DM, TDN and DCP (kg/h) for calves fed restricted rations (T2, T3 and T4) were significantly (P<0.05)
lower than that of non-restricted ration (T1). Moreover, among the fed restricted rations the best and highest
value was occurred with restricted ones (T2). Similar results are recorded by Abdou (2011) who reported
that the DMI increased with increasing energy levels in the ewes diets during pregnancy and lactation. Also,
during the restricted period, Adeleye et al. (2011) found that DMI was significantly (P<0.05) higher with
rams fed grass and concentrate supplement (control one) compared with rams fed grass alone for one month
but non significant differences between rams fed control group or grass alone for two months. Moreover,
Similar trend was observed with increasing the level of energy in the diets with heifer diets (Gaafar et al.,
2009 and Neto et al., 2011), with growing lambs (Sowande et al., 2012, Malisetty et al., 2014, Abouheif et
al., 2013 and Ali et al., 2014). In contrary, some workers indicated that feed intake was inversely related to
level of energy in the diet (Hossain et al., 2003, Yagoub and Babiker, 2008 and Abbasi et al., 2012). Also,
Sayed et al. (2009) indicated that feed intake was lower with lambs fed medium or higher energy rations
than those fed on low energy ration. Whereas, some researchers showed no significant differences among
dry matter intake and energy or protein levels of buffalo calves (Taugir et al., 2011) or energy level with
buffalo heifers (Anjum et al., 2013).

Results of the final body weight, total body gain and daily gain of calves fed the experimental rations
during the restricted period 150 days are shown in Table (4). Data showed that the final boy weight, total
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body gain and average daily gain (kg/h) were significantly (P<0.05) decreased with calves fed T3 and T4 in
compassion with T1 and T2, respectively. The average daily weight gain was 1.068, 1.009, 0.887 and 0.806
kg/h for T1, T2, T3 and T4, respectively. The lower rate of daily gain with calves fed on restricted rations
was 5.52, 17.00 and 24.53% for restricted rations T2 T3 and T4, respectively based on control ration (T1).
Moreover, calves fed ration T1 followed by T2 recorded the highest (P<0.05) daily gain, while calves fed
restricted ration T4 showed the lowest one. On the other hand, the reduce of daily gain with calves fed T4
and T3 rations might be attributed to decrease in dry matter intake and feed conversion. Moreover, All the
pervious characteristics of the experimental rations, i.e. chemical composition, digestibility, feeding values
and feed intake were closely reflected on the daily weight gain, which in turn decrease with decreasing the
levels of concentrate mixture in the rations. These results are in close agreement with Tumova et al. (2002,
2003 and 2007) who explained that the poorest performances of rabbits fed restricted ration might be
attributed to lower feed intake. Furthermore, Yakubu et al. (2007) and Dashtizadeh et al. (2008) reported
that body weight gain decreased with decreasing energy and protein in rations of rabbits and goats and
thereby resulting in not enough intake of nutrients required to sustain faster growth. Moreover, Neto et al.
(2011) stated that daily gain of an animal could be reduced if any nutrient in the diets (especially energy and
protein) is missing. Results of daily gain obtained in this study also corroborate with Adeleye et al. (2011)
who indicated that the least daily gain was recorded with rams fed grass alone occurred (Panicum maximum)
of ad libitum level for one month or two months than those fed control ration (P- maximum) at ad libitum
level with concentrate supplement during restriction period. Sayed (2009) studied the effect of feeding
different levels of energy (3.20, 3.50 and 3.90 Mcal/kg diet) with similar level of protein on lambs
performance and found increasing in daily gain with increasing energy levels. Similarly, Sowande et al.
(2012) reported that the higher daily gain was found with lambs fed diet consisting of forage and concentrate
at ratio 25:75% than those fed the other rations (50:50 and 75:25%). Similar trend were observed by Anjum
et al. (2013) with Holstein heifers and Sami et al. (2016) with lambs. While, Shahzad et al. (2011) and Singh
et al. (2014) revealed that there were no significant difference in daily gain of buffalo calves consumed
rations contained different levels of protein and energy. On the other hand, our results are indicated that all
values of daily gain of calves fed either restricted rations or non-restricted one during restricted periods
(Table 4) were found to be within the normal range as reported by Afifi (1977) and Metry (1999) who
reported that the daily gain of buffalo calves was between 800 to 900 g/d, depending on the level of
concentrates.

Table (4): Daily feed intake, body weight gain and feed conversion during the feed restriction period.

Experimental ration

Item T1 T2 T3 T4 P. value
Daily feed intake as:

g /Kg Wo"™ 118.51°+1.56 120.51%+1.36 116.77°+1.91  124.32°+1.54 0.02
Daily feed intake,(kg/h/) as DM:

CFM 2.67 1.92 0.93 0.00

Berseem hay 0.39 0.46 0.51 0.64

Corn silage 1.67 2.28 2.76 3.12

R.S. 1.59 1.66 1.79 2.46

Total intake (on DM basis) (kg/h/d) as :

DMI 6.32° 6.32° 5.99° 6.22" 0.0001
TDNI 3.86° 3.73" 3.43° 3.34° 0.0001
DCPI 440.50°* 373.51° 212.05° 164.21° 0.0001
Body weight gain

Initial weight (Kg) 122.50+2.14 120.84+2.39 124.50+1.61 124.17+2.39 0.61
Final weight (Kg) 282.67°+2.73 272.17°+4.28 257.50°+6.92 245"+4.28 0.0001
Total gain (Kg) 160.17%+2.46 151. 34%+3.28 133°+5.66 120.84°+3.00  0.0001
Daily gain (kg) 1.068%+0.19 1.009%£0.02 0.887°+0.37 0.806°+0.02  0.0001
Feed conversion :

Kg DM/ Kg gain 5.92° 6.26° 6.75° 7.72° 0.0001
Kg TDN/kg gain 3.61° 3.70° 3.87° 4.14° 0.0001
Kg DCP/kg gain 412.46° 370.18" 239.06° 203.73° 0.0001

a,b and ¢ means bearing different superscripts on the same row are significantly different (p < 0.05)
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Concerning results of feed conversion that expressed kg DM, TDN and DCP per kg gain during the
restricted period are summarized in Table (4). During the restricted period, the feed conversion (Kg DM/Kg
gain) improved as the level of CFM increased in the rations. Calves fed roughage alone T4 was significantly
(P<0.05) higher in feed conversion respecting kg DM or TDN per kg gain in comparison with calves fed
other restricted rations (T2 and T3) and non- restricted ration (T1). Moreover, it was clearly that all calves
fed restricted rations caused a marked increased in feed conversion kg DM/per kg gain by 5.74, 14.02 and
30.41%, for T2, T3 and T4, rations, respectively in comparison to control one. Moreover, the best feed
conversion value was observed with calves fed the non-restricted (T1) and the poorest one was obtained with
calves fed roughage alone (T4). Improvement in feed conversion as kg DM and kg TDN / kg gain in calves
fed T1 rations likely due to the improvement in OM digestibility and consequently the more efficient use of
the metabolizable energy than those fed the restricted one (T4) that fed roughage alone. In contrast, the
depression in feed conversion with calves fed restricted ration (T4) could be attributed to the higher CF
content and lower digestibility of OM than those fed the other restricted rations and control one. These
findings are in agreement with those obtained by Sayed (2009), Gaafar et al. (2009), Neto et al. (2011),
Adeleye et al. (2011), Abbasi et al. (2012) and Malisetty et al. (2014), who concluded that feed conversion
improved with increasing energy level in the diets. Results here are in contrary with those obtained by Sami
et al. (2016) who found that Najdi lambs fed restricted ration (20% of control ration) significantly (P<0.05)
higher than those fed restricted ration (40% of control group), but no significant different with lambs fed ad
libtium (control ration). However, during restricted and re-alimentation periods, Anjum et al. (2013) who
recorded that feed conversion as (DM/gain) did not differ with buffalo heifers fed energy restricted ration
and energy unrestricted one. Concerning DCP conversion, calves fed tested ration T4 in Table (4) had the
best value in respect of kg DCP : kg gain in comparison with control (T1) or the other tested ones (T2 and
T3). These data are in harmony with those of Shahzad et al. (2011) and Singh et al. (2014) when buffalo
calves male or female fed diets contained different protein and energy levels.

During re-alimentation period:

Concerning results of the average feed intake, body weight gain and feed conversion during re-
alimentation period are presented in Table (5). Data showed that daily DM intake expressed as Kg/100kg
BW or as g/Kg W*™ did not significant differences among all experimental rations. Otherwise, results
indicated that the daily feed intake of DM, TDN and DCP (kg/h/d) were significantly (P<0.05) lower with
all re-alimented calves fed rations (T2, T3 and T4) than that of control one (T1). Furthermore, re-alimented
calves fed ration (T4) recorded the lower feed intake of DM, TDN and DCP (kg/h/d) in comparison with
other restricted rations. These results are in close agreement with those obtained by Mostafa et al. (1993)
who found the same trend of total dry matter intake among dietary treatments during the re-alimentation
period with Friesian calves those fed previously during the feed restriction phase on forage alone at ad
libitum or supplemented with 1 or 1.5% concentrate feed mixture. Also, similar results are reported by
Abouheif et al. (2013) who found that DMI was insignificant decreased during the re-alimentation phase (all
treatment group fed ad libitum level) that preceded by restriction phase for growing lambs which fed ad
libitum level (control) or restricted feed either 0.75 or 0.60 of ad libitum intake. Additionally, Dashtizadch et
al. (2008) revealed that restricted goats that consumed 13% less feed during feed restriction period and 2%
more feed during re-alimentation period in comparison with control group, being upon re-alimentation, there
was a 60% improvement in the overall feed conversion ratio of the 75-days restricted goats compared with
their control goats. Moreover, Kamalzadeh et al. (1997) concluded that lambs subjected to a considerable
period of feed quality restriction achieve the same weight as control (unrestricted ones) with significantly
lower total feed consumption. Some previous studies suggested improved growth performance during the re-
alimented period was because of increased appetite and feed intake (Marais et al., 1991), but other (Ryan et
al,, 1993 and Keogh et al.,, 2015) hypothesized that reduced maintenance requirements and greater
deposition of protein were responsible for compensatory growth during the initial stages of re-alimentation,
and compensatory growth in the latter stages was attributed to greater DMI. Yet compensatory growth
following re-alimentation of nutrients has been reported in sheep with lower feed intake (Kamalzadeh et al.
1997). In contrast, (Greeff et al., 1986, Ryan et al., 1993 and Homem et al., 2007), who showed that feed
intake was higher after feed restriction period compared with unrestricted one. Moreover, increase in
voluntary feed of re-alimented animals during re - alimentation period (Hornick et al., 2000 and Adeleye et
al., 2011) could be attributed to increases in size of the digestive tract, energy and protein requirements for
maintenance and modification of the endocrine system.
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Regarding growth performance during the re-alimentation period, total gain and daily gain values were
significant (P<0.05) increased for all restricted groups T2, T3 and T4 in comparison with control one, being
the highest value was associated with T4 treatment that have nothing of concentrate (severely feed restricted
one), where its ration only consisted of three types of roughage (CS, BH and TRS) during the restriction
phase. There were no significant differences among the restriction rations in respect of total gain or daily of
calves. The present results are in close agreement with the findings obtained by Mostafa et al. (1993) who
fed Friesian calves on ad libitum green forage alone or supplemented with concentrates either 1% or 1.5% of
their body weight during the restricted phase that followed by energy ration of concentrates and rice straw
during the re-alimentation phase for all calves’ groups. Also, on line with the results here Kamalzadeh et al.
(1997) demonstrated that the delay in growth rate of growing sheep after feed restriction was compensatory
during re-alimentation feeding period in despite of the lower total feed consumption. The same authors
added that lambs subjected to a considerable period of feed quality restriction achieve the same weight as
controls with significantly lower total feed consumption as well. Additionally, on much explicitly, the
average daily gain of 36kg-lambs fed 0.75 and 0.60 of ad libitum intakes were 20 and 3.8% faster than those
of the ad libitum fed group, respectively (Abouheif et al., 2013). However, this superior gain might not be
attributed to DMI because intake values were not different (P<0.05) between restricted and ad libitum
groups, but possibility due to the better feed efficiency of the re-alimented lambs and /or decreased heat
production during the restriction and its continuation during re-alimentation (Ryan et al., 1993 and
Yambayamba et al,. 1996). These results are in agreement with those of Turgeon et al. (1986), but not with
those of Greeff et al., (1986) and Homem et al., (2007) who reported that rapid gain during re-alimentation
period was associated with increased feed intake. The apparent inconsistency may be interpreted by the
differences in restriction levels, composition and quality of the diets, the periods of restriction and re-
alimentation, and physiological age and time that restriction started (Hornick et al., 2000). On the other
hand, Addah et al. (2017) concluded that upon re-alimentation, average daily gain and feed efficiency of
sheep re-alimented with high protein ration were greater than those with high energy-ration. Yet the re-
alimentation of protein compared with energy was more effective in inducing compensatory growth and
improving the carcass weight sheep. It appears that the mechanisms associated with compensatory growth
may be related more to improved efficiency of feed utilization during re-alimentation phase than to increased
feed intake

Table (5): Daily feed intake, body weight gain and feed conversion throughout the re-alimentation

period.
Experimental ration

Item

T1 T2 T3 T4 P. value
Duration (day) 90 90 90 90
Daily feed intake as:
Kg/100 kg B.W 3.160.03 3.16+0.04 3.17+0.05 3.160.03 0.1
g/Kg W™ 134.81+0.99 134.80+1.12 133.06+2.17 132.95+1.07 0.7
Daily feed intake,(kg/h/) as DM:
CFM 7.52 7.43 7.08 6.83
R.S. 2.98 2.94 2.81 2.71
Total intake (on DM basis) (kg/h/d):
DMI 10.50° 10.37° 9.89° 9.54° 0.0001
TDNI 6.83° 6.75° 6.44° 6.21° 0.0001
.DCPI 1047.88° 1034.93" 987.02° 952.09° 0.0001
Body weight gain
Initial weight (Kg) 282.67°+2.73 272.17°+4.28 257.50°+6.92 245+4.28" 0.0001
Final weight (Kg) 382.84°+3.44 385.17°+3.44 368.84"+6.55 359.50"+3.76 0.001
Total gain (Kg) 100.17°+1.51 113.00%+1.81 111.34%+0.80 114.50*+0.67 0.0001
Daily gain (kg) 1.113°+0.03 1.256°+0.02 1.237°+0.001 1.274°+0.008 0.0003
Feed conversion :
Kg DM/ Kg gain 9.43 8.26° 8.00° 7.49° 0.0001
Kg TDN/kg gain 6.14° 5.37° 5.21° 4.87° 0.0001
Kg DCP/kg gain 941.49° 823.99" 797.91° 747.32° 0.0001

a,b and ¢ means bearing different superscripts on the same row are significantly different (p < 0.05).
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Concerning the results of feed conversion that estimated during the feed re —alimentation period, it could
be showed that the feed conversion in terms of kg DM, TDN and DCP per kg gain was significantly
(P<0.05) improved with the all re-alimented calves fed rations (T2, T3 and T4) than non- re-alimented ones
whose have received the unrestricted ration during the restriction phase (T1). Moreover, the feed conversion
seemed to be more efficient with calves fed re-alimented ration T4 compared with other re-alimented rations
(T2 and T3). Extensive studies in ruminant animals have shown that a range of variability in rate of catch —
up growth that might be influenced by genetic factors, the severity and duration of restriction, the quality of
re-alimentation diet and duration of re-feeding (Lawrennce and Fowler, 2002). Excessively, the present
results are in close agreement with those recorded by Mostafa et al. (1993) who used Friesian calves in
feeding on ad — libitum sorghum forage supplemented with concentrate mixture 0.0, 1.0 or 1.5% of their
live boy weight during 120-d restriction period. Also, similar results are achieved by Abouheif et al. (2013)
who found after re-feeding the 30 kg — lambs feed efficiency (gain : DMI) was slightly improved by 4.2 and
10.9% for the 0.75 and 0.60 of ad-libitum groups and by 22.6 and 53.5% (P<0.01) for the 36-kg-lambs,
respectively compared with lambs fed ad-libitum. Moreover, with young male goats, Dashtizadch et al.
(2008) demonstrated that upon re-alimentation phase, there was a 60% improvement in the overall feed
conversion ratio of the 75-d restricted goats compared with their control ones. Similarly, Sami et al (2016)
observed that Najdi lambs fed restricted ration significantly (P<0.05) better in feed efficiency in comparison
with control group. Moreover, Sainz et al. (1995) and Keogh et al. (2015) they reported that improved feed
conversion has point out to be related to compensatory growth. Generally, enhancement of in several studies
(Turgeon et al., 1986, Ryan, 1990, Kamalzadeh et al., 1997, Hossain et al., 2003 and Homem et al., 2007).
In contrast results here are disagreed with those obtained by Adeleye et al. (2011) indicated that feed
conversion was lowest of rams feeding restricted than those of control group during re-alimentation period.
While, Anjum et al. (2013) point out that there were no differences between energy re-alimented and non-re-
alimented in feed conversion during re-alimentation period.

During whole periods:

Results of the average feed intake, total body daily weight gain and feed conversion during the whole
period are summarized in Table 6. The daily DM intake expressed as Kg/100kg B.W was insignificantly
differences among all groups. While, the daily DM intake expressed as g/Kg W®" was significantly
(P<0.05) higher with calves fed restricted rations (T4 and T3) compared with those fed the other
experimental rations (T1 and T2). On the other hand, the daily feed intake (kg/h) that expressed as DM,
TDN and DCP of calves during whole period were slightly declined with the restriction rations (T2, T3 and
T4) than those unrestricted one (T1), however the differences being statistically significant between them.
These results are in consistent with those obtained by Mostafa et al. (1993) who used Friesian calves in a
growth —fattening trial where they were fed over feed restriction period on sorghum forage at ad libitum
level with different levels of concentrates supplementation (0.0, 1.0 and 1.5%) of live body weight of calves.
Also, Sami et al. (2016) found that lambs fed restricted rations (20% and 40% of control ration) were
significantly (P<0.05) decreased DMI than that fed control ration. In contrary, during the whole period
Anjum et al. (2013) reported that insignificant difference in DMI between growing buffalo heifer fed
restricted energy than that of control group.

During the whole experimental period (240-d), feed conversion values in terms of kg DM, TDN, and
DCP per kg gain were the best with calves fed restricted ration (T2) than those fed restricted rations (T3 and
T4) and unrestricted ration (T1). These results are in close agreement with those results of Anjum et al.
(2013) who showed that growing buffalo heifers on fed restricted energy diet was improved feed efficiency
than in unrestricted one overall the experimental period. While, Sami et al. (2016) indicated that there was
insignificant differences in average daily gain among groups (restricted rations and control ration). Also,
nonsignificant effect on feed conversion was earlier found by Mostafa et al. (1993) who fed growing —
fattening calves on ad libitum sorghum forage plus 0.0, 1.0 and 1.5% concentrate over the entire
experimental period. Other wish earlier, Murphy and Loerch (1994) found that linear treatment effect
(P<0.02) in respect of gain : feed of steers fed 100% (ad libitum), 90 or 80% of ad libitum level, being 0.160,
0.162 and 0.173, respectively over the entire period. They were added that the reduction in feed required to
finish respectively fed steer led to linear (P<0.005) improvements in feed efficiency of 1.25 and 8.1% for the
steers with 90 and 80% of ad libitum intake for the entire feeding period. Definitely, the use of a restricted
feeding strategy has the potential to improve carcass composition (reduce excess fat production) without
increasing fed cost or sacrificing the efficiency of animal production,
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Table (6): Average daily feed intake, body weight gain and feed conversion throughout the whole
experimental period.

Item Experimental rations

T1 T2 T3 T4 P. value
Duration (day) 240 240 240 240
Kg/100 kg B.W 3.12+0.03 3.100.03 3.04+0.05 3.12+0.03 0.7
g /Kg W™ 90.94°+0.50 90.08°+0.59 120.60°+1.15  121.93%+1.10  0.0001
Daily feed intake,(kg/h/) as DM:
CFM 4.48 3.99 3.24 2.56
Corn silage 1.04 1.42 1.72 1.94
Berseem hay 0.25 0.28 0.32 0.40
R.S. 2.12 2.14 2.22 2.56
Total intake (on DM basis) (kg/h/d):
DMI 7.89% 7.83" 7.50° 7.46° 0.0001
TDNI 5.14% 5.10° 4.88° 4.86" 0.0001
DCPI 787.42° 781.43° 748.50° 744 .51° 0.0001
Body weight gain
Initial weight (Kg) 122.50+2.14 120.84+2.39 124.50+1.61  124.17+2.39 0.61
Final weight (Kg) 382.84°+3.21 385.17°+3.44  368.84°+6.55  359.50°+3.76  0.0001
Total gain (Kg) 260.34°+2.46 264.34°+1.80  244.34°+534  23534°+267  0.0001
Daily gain (kg) 1.085%+0.01 1.100%0.009  1.018°+0.02 0.980°+0.01 0.0001
Feed conversion :
Kg DM/ Kg gain 7.27° 7.12° 7.37° 7.61° 0.0001
Kg TDN/kg gain 4.74° 4.64° 4.79" 4.96° 0.0001
Kg DCP/kg gain 725.73° 710.39" 735.27" 759.70° 0.0001

a,b and ¢ means bearing different superscripts on the same row are significantly different (p < 0.05).

Blood parameters:

Data of some blood serum parameters during the restricted period are presented in Table (7). Total
protein, albumin and globulin concentrations were significant (P<0.05) lower with all restricted rations than
those of control one. This might be attributed to the wide variation of CP content in the experimental rations
being 11.65, 10.25, 8.96 and 7.67% for rations T1,T2, T3 and T4, respectively (Table 1). Similar results on
Baladi heifers were recorded by Ali et al. (2014) who explained that the decreased serum TP concentration
in heifers fed low energy and protein may be due to the lower in feed nitrogen intake. Moreover, Ibrahim et

Table (7): Some serum blood constituents of calves buffalo fed on the experimental rations.

Experimental Item

ration Total protein ~ Albumin Globulin Al/Glratio ALT (lu/L) AST (lu/L)
(g/dI) (g/dl) (g/dl)

The restriction period:

T1 8.35a+0.04  4.75a+0.03  3.60a+0.06  1.32a+0.02  17.1240.22 29.73+2.11

T2 8.01b+0.10 = 4.45b+0.05 3.56ab+0.03 1.25ab+0.06 17.55+0.25 30.03+1.95

T3 7.40c+0.02  3.98c+0.04  3.42b+0.6  1.16ab+0.08 17.45+0.55 32.05£1.25

T4 6.29d+0.02  3.25d+0.02  3.04c+0.5 1.07b+0.03  17.77+0.15 35.23+£2.01

P. value 0.0001 0.0001 0.0001 0.0001 0.15 0.75

The re-alimentation period.

Exp. Ration 8.54 4.87 3.67 1.33 18.80 33.45

a ,b and ¢ means the same column with different superscripts differ (P<0.05).
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al. (2005) recorded that serum globulin concentration was significantly (P<0.05) higher with calves fed high
of TDN and DCP than those fed the lower ones. In this items, while, the serum A/G ratio, was significant
(P<0.05) lower with calves fed restricted ration (T2, T3 and T4) in comparison with unrestricted one (T1),
but there were no significant differences among all calves fed restricted rations (T2, T3 and T4). Also, Cole
(2000) reported that the decreased feed intake for a certain period can result in alterations nutrient serum
concentrations. In contrast, Singh et al. (2014) indicated that blood metabolism did not affect with calves
under different levels of protein and energy (urea, glucose and protein)). On the other hand, results indicated
that insignificant differences among groups in ALT and AST were observed. These results are similar with
those found with Guzera female Neto et al. (2011). All blood parameters (respecting the restricted and re-
alimentation periods) found to be within the normal range as reported by (El -Kaneko et al., 1997).

Economic efficiency

Data of the economical evaluation during the whole experimental period (240 days) are presented in
Table 8. Data showed that feed cost per Kg gain was LE. 20.35, 19.11, 16.88 and 14.68 for rations T1, T2,
T3 and T4, respectively. Moreover, fed restricted rations caused a reduction in the feed cost per kg gain by
7.41, 11.62. and 26.54% for rations T2, T3 and T4, respectively based on control ration (T1). The
corresponding values for economical efficiency were 2.93, 3.17, 3.32 and 3.67, for rations T1, T2, T3 and
T4, respectively being the best efficiency was associated with the restriction rations T2, T3 and T4, and also
the improvement of economic efficiency (%) based on control ration (100%) were 108.19 113.31 and
125.26% for the restricted ration groups (T2, T3 and T4), respectively. These results are in harmony with
those obtained by Anjum et al. (2013) who showed that the feed cost per one kg gain was lower for growing
buffalo heifers fed restricted ration in comparison with those fed the control ration. Also, compensatory
growth phenomenon can be utilized to reduced feed cost (Clanton et al., 1983, and Lynch et al., 1997). In
contrast, Sayed (2009) indicated that lambs fed high-energy diet was recorded the highest values in net
revenue and economic feed efficiency than those of medium and low — energy diets in lambs. Also, Abbasi
et al. (2012) tested different levels of energy diets with goat kids and they found that medium and high
energy diets would be beneficial and economically feasible than low energy diet. In perspective, some earlier
study suggested that lambs subject to considerable period of feed quality restriction could be achieve the
same weight as control with significantly lower total feed consequently increasing the profitability of
production (Kamalzadek et al., 1997). Recently, Abouheif et al. (2013) concluded that feed restriction up to
40% for a 5-wk period followed by a 4-wk period of refeeding is economically feasible and does not effect.

Table (8): Productive performance and economical evaluation of buffalo calves fed experimental
rations during the whole experimental period.

Item Experimental rations

Tl T2 T3 T4
Feed intake as fed:
CFM 4.96 4.41 3.58 2.84
Corn silage 3.44 4.69 5.67 6.41
Berseem hay 0.27 0.31 0.35 0.44
Rice straw (R.S) 2.36 2.39 2.48 2.99
Price of daily gain, L.E 59.68 60.50 55.99 53.90
Total feed cost (LE/day) 20.35 19.11 16.88 14.68
Feed cost / kg gain (L.E.) 18.76 17.37 16.58 15.00
Daily profit, L.E 39.33 41.39 39.11 39.22
Economic efficiency* 2.93 3.17 3.32 3.67
Improvement of economic efficiency (%) 100 108.19 113.31 125.26

Price of Feedstuffs: 3500 LE/Ton of concentrate feed mixture (CFM) and 550 LE/Ton of corn silage, 1250 LE/Ton
berseem hay, 320 LE/Ton of rice straw, and price of live body weight: 55 LE/kg live body weight. *Economic efficiency
= money output/money in put..
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CONCLUSION

Based on this study, results indicated that all calves fed restricted rations (T2, T3 and T4) followed by re-
alimented feeding period gave significant better growth performance, daily gain and feed conversion ratio
over the re-alimented period, being incidencing the compensatory phenomenon which led to potential
positive effect on economical efficiency over the whole period of fattening calves.
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