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ABSTRACT 

The objective of the present study was to 

investigate the influence of non-conventional 

energy supplements to the basal diet on 

production and reproduction performances of 

dairy Zaraibi nanny goats. Ninety- two Zaraibi 

goats (35.92±2.41 kg body weight and aged < 

30 months) were divided into four similar 

groups (n=23/group). The groups were assigned 

at random to receive four experimental rations. 

The control basal ration (T1) consisted of 60% 

concentrate feed mixture (CFM) plus 40 % rice 

straw (RS), T2 contained 50% CFM + 45% RS 

+ 5% protect fat (PF) of Megalac
®

, T3 included 

50% CFM + 45% RS + 5% corn steep liquor 

(CSL) and T4 comprised of 50% CFM + 45% 

RS + 2.5% CSL + 2.5% PF. All diets were 

offered to all goats 28 days before the breeding 

season, as flushing period, as well as through 

pregnancy and lactation. Dietary effects on 

LBW during pregnancy, reproduction 

performances, milk yield and composition 

during suckling and lactation and blood 

parameters post-suckling and lactation were 

studied. The results revealed that nanny goats 

fed T2 and T4 rations showed higher (P<0.05) 

LBW through different pregnancy stages than 

T1 and T3 rations. The does fed T2 and T4 diets 

attained significantly (P<0.05) better 

reproductive performance than those fed T1 and 

T3 ration. Fertility rate was significantly 

(P<0.05) better with T4 and T2 diets than T3 

and T1 diets, being, 200.00%, 186.96%, 

156.52% and 130.43%, respectively.  The does 

fed T2, T3 and T4 diets had significantly more 

suckled milk by 40.85%, 22.68% and 52.11 % 

than control (T1). Meanwhile, the improved of 

energy supplement during lactation period 

ameliorated more milk harvest by 24.21%, 

12.51% and 33.44% with T2, T3 and T4 rations 

than control. Milk composition had significant 

differences (P<0.05) among trial diets and 

lactation stages (suckling and lactation). The 

best milk composition was obtained with T2 

and T4 compared to T1 and T3. The serum 

glucose concentration had slightly changed 

within T2, T3, T4 and T1 goats during suckling 

and milking periods. The serum triglycerides, 

cholesterol, LDL, HDL, AST and ALT were 

significantly (P<0.05) increased due to 

experimental rations and milking stage. From 

these results, it could be concluded that feeding 

dairy Zaraibi goats a diet containing cheap non-

conventional energy specially a combination 

between CSL and PF could improve LBW 

during pregnancy, milk yield, milk composition 

and some blood parameters throughout suckling 

and lactation periods.  

Keywords: Dairy goats, reproduction, 

production, non-conventional energy, protected 

fat, corn steep liquor.  

 

INTRODUCTION 

Nutrient requirements of animals in Egypt 

are not sufficient during some agriculture 

seasons. Nutrient requirements of goats 

including allowances for maintenance and 

production depend on their physiological state. 

In Egypt, feeding costs account for 50 to 75% 

of the total cost of ruminant livestock 

production (Safari et al., 2011). Thence, it is 

pressing that feeding practices have to ensure 

the most efficient production of livestock 

products with maximum economic return. The 

energy intake can be increased by incorporation 

of additional either concentrate or fat into the 

diet. Ruminants have a large requirement of 

energy, but energy intake may be limited by dry 

matter intake. Continuous attempts have been 

made to improve the energy value of low 

quality roughage through physiological, 

biological and chemical process or by supplying 

some energy industrial by-products. Diets 

containing fats are rapidly fermented in the 
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rumen yielding high concentrations of lactate 

and volatile fatty acids that lead to decrease 

ruminal pH (Paengkoum et al., 2010). The 

energy requirements of high producing animals 

necessitate receiving maximum dry matter 

intake or increasing the energy content of 

ruminant feedstuffs by adding fat to the diet 

(Chay-Canul et al., 2011). Corn steep liquor 

(CSL) is an industrial by-product of wet milling 

process of maize-starch. It has light to dark 

brown colour, ensiled odor and acidic pH. It has 

been reported to be a good source of protein, 

energy and minerals for the animals. Wadhwani 

et al. (2010) reported that CSL is useful to 

increase the value of lower quality forage by 

increasing the energy and protein content 

without increasing fibre intake. Also, the 

authors defined that CSL can be added during 

mixing to improve uniformity of dry feed and 

used as a dust suppressant. Feeding animals 

with protected fat (PF) offered the potential for 

increasing the absorption of unsaturated fatty 

acids from the small intestine. Hosam (2011) 

concluded that addition of calcium soap to the 

diets of lactating dairy goats in early lactation at 

the level of 3% has limited effect on milk 

production but improves the percentages of fat, 

protein, and total solids. Furthermore, the high 

energy (as PF) in dairy goat's diet pre-mating 

influence concentration of long-chain 

polyunsaturated fatty acids that might be 

beneficial for reproductive parameters (Hafez et 

al., 2011). Furthermore, energy supplement 

with fatty acids , such as butyric, oleic, 

polyunsaturated fatty acids especially Omega-3 

fatty acids and conjugated linoleic acids, might 

have a potential anti-atherogenic or anti-

carcinogenic role (Mostafa et al., 2012). 

The purpose of this study was to supplement 

PF and/or CSL as non-conventional energy 

sources to ration as attempt to improve the 

production and reproduction of dairy Zaraibi 

goats. 

 

MATERIALS AND METHODS 
The study was carried out during breeding 

season at El-Serw Experimental Research 

Station belongs to Animal Production Research 

Institute (APRI), Agriculture Research Center, 

Ministry of Agriculture, Egypt. 

Corn steep liquor and protected fat as sources 

of non-conventional energy  

Corn steep liquor (CSL) is a major 

industrial by-product of corn starch 

processing. It is an inexpensive source of 

energy, minerals, vitamins, amino acids and 

other nutrients. Recently, CSL has been used 

as feed supplement for ruminants and reduce 

the amount of fungal inoculums. The typically 

chemical analysis of CSL is presented in 

Table 1. 

Megalac® protected fat (PF) is palm fats 

produced by reacting palm fatty acid distillate 

with calcium hydroxide to form calcium soap. 

Calcium soaps are the cheapest and most widely 

used material to protect dairy fats and have 

been used in animal's nutrition for many years. 

The typically chemical analysis of PF is shown 

in Table 2. 

 

Animals and experimental design:  

Ninety-two dairy Zaraibi goats were used in 

this trial. Their initial live body weight (LBW) 

averaged 35.92±2.41kg and age was < 30 

months. The goats were assigned into four 

similar groups (23 each) according to body 

weight and milk production. The four groups 

were assigned at random to the four 

experimental rations in a complete randomized 

block design. The nanny goats were fed the 

experimental rations for 28 days pre-breeding 

season (as flushing period) and up to end of the 

breeding season and during the last two months 

of pregnancy (trimester period). All groups 

received diets according to NRC (2007) 

recommended allowances for dairy goats.  

 

Feeding management 

The first group received a basal diet (T1) 

consisting of 60% concentrate feed mixture 

(CFM) plus 40% rice straw (RS) as a control 

diet. The second group T2 diet, included 50% 

CFM + 45% RS + 5% PF of Megalac
®

. The 

third group (T3) diet consisted of 50% CFM + 

45% RS + 5% CSL. The fourth group (T4) diet 

contained 50% CFM + 45% RS + 2.5% PF + 

2.5% CSL. The non-conventional energy 

sources were supplied to the basal ration 

according to dry matter consumed. The CFM 

was mixed immediately before feeding with 
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energy materials and introduced at 8 am and 4 

pm daily. Fresh water and minerals block were 

available all times of animals. Chemical 

analysis of CFM and RS were determined using 

standard procedures of AOAC (2007) and 

shown in Table 3.   

 

Experimental procedures  

Live body weight of does  

Live body weights of does were recorded 

before morning feeding during pre-mating, 

post-mating, at trimester, one month pre-

parturition, at 140 days pre-parturition, at 2 

days post-partum then monthly during suckling 

(3 months) and lactation (3months) periods.  

 

Reproduction performance    

After mating season, the nanny goats which 

did not manifest heat through two oestrus cycles 

were considered pregnant. The conception rate, 

fertility, birth rate and litter size were estimated 

to highlight reproductive performance of does. 

Conception rate was calculated as number of 

does conceived / number of does mated. 

Fertility rate was measured as number of total 

kids born/ number of does mated. Single birth 

rate was recorded as number of does kidding 

single/ number of does kidded. Twins birth rate 

was calculated as number of does kidding 

twins/ number of does kidded. Triplet birth rate 

was calculated as the number of does kidding 

triplet/number of does kidded. Litter size was 

calculated as number of total kids born/number 

of does kidding. Also, LBW of kids were 

recorded biweekly throughout suckling period 

up to weaning.  

 

 

Table 1: Chemical composition of CSL as non-conventional energy. 

Chemical composition of CSL  

Energy 

sources 
DM CP Fat Starch NFE Sugar 

ME 

(MJ/kg/DM) 

CSL 43.00 33.50 1.00 17.40 Less 1.00 3.30 15.40 

Source: Feed Guide Energy Products, Copyright © 2011 Castlegate James Australia Pty Ltd.  
 

Table 2: Chemical composition of PF as non-conventional energy. 

Items% Ingredient concentrations 

Oil 84.00 

Calcium 9.00 

Moisture 5.00 

Fatty acids profile% 

C12 Lauric acids and C:14.0 Myristic acids 1.2 

C16 Palmitic acids 48.0 

C18.0 Stearic acids  5.0 

C18.1 Oleic acids  36.0 

C18.2 Linoleic acids 9.5 

ME MJ/kg/DM 33.25 

Source: Richard Webster Nutrition L. td: Protected Fat and Omega-3 Fish Oil Supplements. 
 

Table 3: Chemical composition of CFM and RS.  

Items Chemical composition % 

DM OM CP EE CF NFE Ash *ME 

CFM 87.85 89.25 14.42 3.45 12.16 59.22 10.75 1.17 

RS 92.83 80.23 3.08 1.49 36.88 38.78 19.77 0.81 

* ME=Metabolizable energy (MJ/Kg//DM) calculated according to MAFF (1976). 

Milk yield during suckling and lactation weeks  

Amounts of suckling milk were estimated for 

T1, T2, T3 and T4 groups at 7, 15, 30, 45, 60, 

75 and 90 days by oxytocin method. The 

method relied on injecting double doses (2 

IU/doe) of oxytocin intravenously after kids 

were separated. After the first oxytocin dose 

injection by a minute the udder was emptied of 

http://www.castlegatejames.com.au/index.php/products/energy-products
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residual milk, using hand milking and this 

amount of milk was discarded. The second 

oxytocin dose was injected after 4 hours elapse 

of kids’ separation. Udder was then hand 

milked and milk yield was recorded. The 

amount of milk suckled during 24 hours was 

calculated by multiplying the actual milk yield 

obtained during the 4 hours (of kid's separation) 

by 6 as a factor.  

The commercial milk yield was recorded 

after weaning through consecutive nine weeks 

of lactation to observe milk quantum at early 

lactation and persistency of milk yield. The 

mean of milk yield was assessed weekly for 

nine weeks as aggregation of daily hand milked 

yield at 5 am and 5 pm.     

 

Milk composition during sucking and lactation 

weeks  

During suckling months and lactation weeks 

an individual milk sample was taken for 

composition analysis according to Bradley et al. 

(1992). The Gross energy of milk (GEM 

Kcal/kg) was calculated according to Tyrell and 

Reid (1965). 

 

Blood parameters at post- sucking and 

lactation weeks 

Blood samples (10 ml/ doe) were collected 

individually in the morning before feeding from 

the jugular vein of five random goats of each 

group into clean tubes. Samples collected 

biweekly during suckling months and weekly 

during lactation weeks. After clotting, blood 

samples were centrifuged at 3000 rpm for 15 

min. Then, blood serum was separated and 

stored at -20 °C until analysis. The 

concentrations of triglycerides, cholesterol, high 

density lipoprotein (HDL), glucose, aspartate 

aminotransferase (AST) and alanine 

aminotransferase (ALT) were determined using 

commercial kits (Diagnostic system 

Laboratories, Inc., USA). Then, serum low 

density lipoprotein (LDL) level was calculated 

according to Friedewald et al. (1972).      

 

Statistical Analysis 

Data obtained were subjected to statistical 

analysis using general linear model (GLM) 

procedure of SAS (2009) and significance was 

declared at P<0.05. Pregnancy rate values were 

statically tested using Chi square test. 

 

 

RESULTS AND DISCUSSION 

Live body weight of does 

Figures 1 and 2 illustrate LBW of nanny 

goats during pregnancy stages and LBW of 

dams throughout suckling and lactation periods, 

respectively. The LBW at 140 days pre-

parturition and at 2 days post-partum were 

significantly heavier than other events (P 

<0.05). The current results indicate that energy 

supplied in T2 and T4 diets had moderate effect 

on LBW of dams during partum stage. This 

result confirms with those of Yusuf et al. (2009) 

who found that diet supplementation with 

energy activated growth performance by 

improving the physical consistency of mash-

type diet, enhancing micro ingredients, 

improving palatability and feed intake. The 

relative improvement of LBW with T4 diets 

might relate to combining effect of enhancing 

energy source and improvement of digestibility 

of the diets. Similarly, El-Shahat and Abo-El-

Maaty (2010) elucidated that combination of 

basal diet with calcium salts and L-carnitine 

enhanced growth rate of ewes. Moreover, the 

relative best LBW in T4 diet might be a 

consequence for combining PF and CSL which 

provides energy and protein for tissue synthesis 

and metabolizm. This observation is consistent 

with Hassan et al. (2012) who suggested that 

feeding diets supplemented with different types 

of energy resulted in changes in the body 

weight of Zaraibi does. Energy supplement by 

CSL to diet surpassed T3 group in LBW 

compared to T1 group is mainly because CSL 

contains carbohydrates easily soluble for 

microbial fermentation in the rumen thus can 

improve fermentation. These findings are 

confirmed by Santos et al. (2012) who 

demonstrated that CSL releases rumen 

ammonia nitrogen with keto acids (carboxylic 

acid group and a ketone group) which 

synchronizes nitrogen and carbon in the rumen 

towards enhancing microbial proliferation that 

improves growth. However, during the 

physiological stress of milk production, 

particularly during the peak of lactation, goats 

http://en.wikipedia.org/wiki/Carboxylic_acid
http://en.wikipedia.org/wiki/Carboxylic_acid
http://en.wikipedia.org/wiki/Ketone


Egyptian Journal of Sheep & Goat Sciences, Vol. 8 (2), P: 69- 83, 2013 

ISSN : 2090-0368 - Online ISSN : 2090-0376 (Website : http://www.easg.eg.net)                   73 

tended to lose body weight. Similar trend was 

observed by Shittu et al. (2011) who established 

that animals lose weight during lactation, 

especially up to peak of lactation and during 

reproduction. Moreover, Otaru et al. (2011) 

affirmed that synthesis of goat milk largely 

depends on nutritional milk precursors present 

in blood plasma and taken up by the udder 

which is reflected on weight loss of goats. 

 

Reproduction performance    

Results presented in Table 4 identify that 

conception rate was significantly (P<0.05) 

lower for nanny goats received T1 diet 

(69.57%) than those fed T2 (100%), T3 

(82.61%) and T4 (100%) diets. The fertility rate 

was significantly (P<0.05) higher with goats fed 

T4 (200.00%) and T2 (186.96%) than those fed 

T3 (156.52%) and T1 (130.43%). The treated 

groups (T2, T3 and T4) significantly (P<0.05) 

produced more triplet kids (23.80%, 22.22 % 

and 33.33 %, respectively) than does fed T1 

(20.00%). Concerning the number of kids 

produced, does supplied with T4 gave (P<0.05) 

more kids (46 kids) than T3, T2 and T1 (36, 43, 

and 30 kids), respectively. Usually, 

supplementing energy to diets is one of the 

most important factors influence reproductive 

performance through increasing energy 

consumption and utilization efficiency. 

Similarly, Hafez et al. (2011) observed that 

high energy intake caused significantly higher 

pregnancy rate, number of kids born, fertility 

rate, kidding numbers, triplets rate and kid birth 

weight than low energy intake. In the present 

study, the highest reproductive performance 

was obtained with T4 diet which might be 

related to mixing the non-conventional energy 

types PF and CSL with basal diets. El-Shahat 

and Abo-El Maaty (2010) revealed that

   

Fig.1: LBW of nanny goats during pregnancy periods as affected by 

dietary treatments.
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Fig.2: LBW of nanny goats during suckling and lactation periods 

as affected by dietary treatments.
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Table 4: Reproductive performance of dairy goats as affected by dietary treatments. 

Items  Dietary treatments 

T1 T2 T3  T4 

Mated does  23 23 23 23 

Conceived does 16 23 19 23 

Conception rate, % 69.57
c
 100

a
 82.61

b
 100.00

a
 

 No. of does kidded 15 21 18 21 

Total number of kids 30
c
  43

a
 36

b
 46

a
 

Fertility does, % 130.43
d
 186.96

b
 156.52

c
 200.00

a
 

No. of does kidding single  3 2 4 3 

Single rate, % 20.00 9.53 22.22 14.29 

No. of does kidding twins 9 14 10 11 

Twinning rate, % 60.00 66.67 55.56 52.38 

No. of does kidding triplet 3 5 4 7 

Triplet rate, % 20.00
c
 23.80

b
 22.22

b
 33.33 

a
 

Litter size 2.00 2.05 2.00 2.19 

No. of males 13 21 16 26 

No. of females 17 22 20 20 

Values with different superscripts in the same row, differ significantly (P<0.05). 

 

supplementation of basal diet with L-carnitine 

alone did not improve reproductive 

performance, but combination of calcium salts 

with L-carnitine caused improvements in 

number and size of ovarian pre-ovulatory 

follicles and increased ovulation rate. In 

addition, T4 had reasonable amount of protein 

in CSL which enhance fermentation and made 

carbohydrates available for microbial activity in 

the rumen. Rosales-Nieto et al. (2011) found 

that protein quantity and quality have been 

shown to influence reproductive performance 

and played a major role in re-establishment of 

ovarian activity. Furthermore, Santos et al. 

(2008) suggested that feeding fat enhanced 

follicle growth, uterine prostaglandin (PG) 

secretion, embryo quality and maintenance of 

pregnancy. In the current work, goats nourished 

PF in T2 and T4 contained rich quantity of 

linoleic acid (9.5%) and oleic acid (36%) which 

probably caused higher procreation rate than 

diets of T1 and T3. This result is consistent with 

the study of Hutchinson et al. (2012) who 

suggested that dairy cattle received fat rich in 

linoleic acid had more plasma progesterone 

(P4), bigger corpora luteum and reinforcement 

uterine environment for embryo development. 

Generally, the improvement in ovulation, size 

of follicles and follicular growth are linked to 

the enhance of plasma LH secretion which is 

Fig. 3: LBW of suckling kids as affected by dietary treatments.
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associated with energy supplementation to 

diets. The ovulation of larger follicles may 

results in formation of larger corpora lutea with 

increased steroidogenic capacity that results in 

greater progesterone production and higher 

conception rates (Ghattas and Nasra, 2010). On 

the other hand, El-Nour et al. (2012) concluded 

that the dietary protected fat is effective on 

maintaining reproductive performance which 

reflected on increased levels of lipid profiles, 

glucose, progesterone hormone and number of 

follicles. Furthermore, Dirandeh et al. (2013) 

concluded that feeding fat that contained 

linoleic acid and linolenic acid pre–parturition 

is considered a good treatment for parturition 

and delineation for improving fertility of 

lactating dairy cows.  

 

LBW of kids during suckling period 

As shown in Figure 3, there was no 

significant difference in kid's initial weight in 

week W0 up to W2 during suckling period for 

different types of diet. Starting from W3 up to 

W6, there was significant differences (P<0.05) 

between goats fed T4 and T2 diets than those 

fed T1 and T3 diets. The heaviest kid's weight 

was in does fed T4, T2 and T3 diets. This was 

related to flushing of lactating does by 

isoenergetic diets at trimester which transfers 

energy requirements to fetus compared to 

suckling kids from does nourished the control 

diet (T1). Karikari and Blasu (2009) concluded 

that under feeding during late pregnancy result 

in overall poor survival of dams, kidding rate, 

kid's birth weight and kid's growth. Moreover, 

flushing dams caused weight gain during 

pregnancy which often indicates pre-natal 

development of the fetus. Titi et al. (2008) 

recorded that LBW of dams (as evidence of 

healthy dams and flushing) had significant 

correlation with birth weight of the offspring. 

Furthermore, milk production of dose nourished 

high energy and beneficial substances were 

increased which develop growth performance of 

kids as reported by Safari et al. (2011). They 

referred the case of low growth performance of 

kids born to a reduced ability of dams to 

produce sufficient milk for the kids. 

 

Milk yield during suckling and lactation 

periods  

The suckling and milking yield of different 

goats fed the experimental rations is depicted in 

Figures 4 and 5, respectively. The suckling milk 

yield was significantly (P<0.05) higher for T4 

and T2 does than T1 and T3 does. The total 

suckling milk yield were 1662, 2341, 2039 and 

2528 gm for the does received T1, T2, T3 and 

T4 diets, respectively. Furthermore, does fed 

T2, T3 and T4 diets had improved suckling 

milk by 40.85%, 22.68% and 52.11 % over T1 

diet, respectively. Regarding milking yield 

during lactation weeks (Fig. 5), the energy 

supplement to T2, T3 and T4 had a positive 

effect on the amounts of milk yielded compared 

to diet fed to T1. The milk produced by goats 

received T4 and T2 diets gave a higher quantity 

than goats fed T3 and T1 diets. As milking 

advanced, the quantities of milk produced by 

T2, T3 and T4 goats were significantly (P<0.05) 

better than T1 goats. The total lactation milk 

yields were 3110, 3836, 3499 and 4150 gm for 

goats receiving T1, T2, T3 and T4 rations, 

respectively. In this study, energy 

supplementation ameliorated milk harvest by 

24.21%, 12.51% and 33.44% for T2, T3 and T4 

rations, respectively. Moreover, goats nourished 

T2, T3 and T4 diets showed higher lactation 

curves and longer persistency than feeding T1. 

The peak lactation curve accounted 17.97 %, 

8.35% and 25.82% in T2, T3 and T4 diets, 

respectively, more than T1. Whereas, 

persistency of milk yield continued three weeks 

(W2 up to W4) in T2, T3 and T4 goats, while 

extended one week only in T1 does (W3). The 

current study for persistency is in agreement 

with Pala and Koyuncu (2007) who reported 

that the average persistency period through milk 

production was attained at weeks 2 to 4 of 

lactation curve. Also, both authors defined that 

the worse persistency was probably because of 

losing secretory cells and that existing cells had 

less secretory activity. Milk yield was then 

gradually reduced with progress of lactation 

weeks in all goats. When ruminants' diet 

contained non-conventional energy (as PF), an 

increase in milk production occurred due to the 

great energy density presented (Sanz 

Sampelayo et al., 2002). Milk production is 

http://www.journalofanimalscience.org/search?author1=E.+Dirandeh&sortspec=date&submit=Submit
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fundamentally determined by the animals’ 

energy balance which is a greater important 

factor than aspects related to diet characteristics 

(Cieslak et al., 2010). Thus, it can be deduced 

that feeding rich energy allows great efficiency 

of the metabolizable energy for milk 

production. Min et al. (2005) found positive 

correlation between amount of metabolizable 

energy (ME) and both milk yield or milk 

composition.  In accordance with other studies 

on goat’s milk yield, Otaru et al. (2011) 

revealed that feeds supplemented with different 

types of energy were effective on enhancing 

milk harvest. In addition, the use of energy 

seems to be an interesting technique during 

early lactation and it can improve the milk fatty 

acids characteristics towards a safer pattern 

(Mostafa et al., 2012). Improvement in milk 

yield associated with supplemental calories that 

could refine energy balance. This trend is in 

harmony with Sultana et al. (2012) who stated 

that energy feeding might be diverted to 

infusion of propionic acid and acetic acid into 

body that shifts energy output to milk 

production. On the other hand, Titi and Fataftah 

(2013) revealed that energy supplements to the 

diet is an efficient mean to modify milk yield, 

fat content, and fatty acids composition in 

lactating ewes.  

 

 

Fig. 4: Milk yield duriong scukling period as affected by 

dietary treatments.
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Fig. 5: Milk yield during lactation weeks as affected by 

dietary treatments
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Milk composition during suckling and 

lactation periods  

Chemical composition of milk during 

suckling and lactation periods in different 

treatments is presented in Table 5. It could be 

demonstrated that there were significant 

differences (P<0.05) in milk contents among the 

experimental groups during suckling and 

milking except milk protein percentage. The 

milk composition of fat, protein, lactose, total 

solids and gross energy appeared to be higher 

during suckling than milking stages. The milk 

composition of goats received T4 diet had 

greater fat, protein, lactase and gross milk 

energy than goats fed T1, T2 and T3 diets 

during both periods. Usually, energy 

supplemented to the basal diets of lactating 

goats attains increase energy density of the diet 

in order to increase milk production and 

composition (Zhang et al., 2006). Regarding fat 

content in milk, it was significantly (P<0.05) 

higher in does fed T2, T3 and T4 rations than 

does fed T1 ration. The milk fat is directly 

affected by energy intake (EL-Sanafawy, 2008). 

Furthermore, Martinez et al. (2010) indicated 

that supplementing the diet with PF increases 

ruminal fermentation and hence the ability of 

animal to increase the amount of milk fat. On 

the other hand, Bernal-Santos et al. (2003) 

stated that dairy cows supplemented with 

dietary fat source exhibited an increase in fat 

yield. However, Bernard et al. (2005) indicated 

different milk fat quantum as response to 

different energy sources in dairy cows.  

Concerning, protein content in this study, no 

significant changes were observed among 

dietary treatments during both suckling and 

lactation periods. These results are supported by 

the results of Chilliard et al. (2003) who 

reported that goats milk protein content was not  

markedly changed in responses to dietary 

energy (as fat) supplementation. However, 

dietary supplementation with lipids usually has 

a negative effect on milk protein percent but 

protein may remain constant or increase by fat 

supplementation (Zhang et al., 2006). However, 

Junior et al. (2010) reported that utilization of 

dietary fat sources in diets could change milk 

protein content of lactating cows.  

In connection with lactose content, it was 

significantly (P<0.05) lower in does fed T1 

ration than those fed T2, T3 and T4 rations 

during suckling and milking periods. Similar 

results were reported by El-Shafie and El-

Ashmay (2010) who observed that addition of 

energy (as sunflower seeds) to goat's ration 

showed significantly higher lactose content 

through suckling and lactation.  

Lactose is the major osmotic regulator of 

milk whereas a strong positive correlation exists 

between lactose synthesis and milk yield (Roger 

et al., 2011). Moreover, Gantner and Kompan 

(2012) found that the number of secretory cells 

in the udder of goats decreased as lactation 

months advanced, but udder cells activity 

remained with reference to total solids content. 

Feeding T2, T3 and T4 rations showed 

significant (P<0.05) increase of total solids 

among the experimental groups and during both 

suckling and milking periods. The greatest total 

solid content noticed in T2 and T4 diets was 

due to the increase in fat percent of milk in 

these groups.  

The general trend of change in total solids of 

dairy goat throughout suckling and lactation 

period is in full agreement with those obtained 

by El-Shafie and El-Ashmay (2010) and Hosam 

(2011). The highest gross energy of milk 

(GEM) (P<0.05) were in T4, T2 and T3, 

compared to T1 group during suckling and 

lactating periods. The milk energy output of 

lactating goats increased by addition of fat to 

the basal diets. The highest milk energy 

observed in T4 group was because of its higher 

components of energy especially milk fat. It 

was proposed that highest energy intake 

brought an increase in milk fat and energy 

production. Similarly, Titi et al. (2011) stated 

that goat supplemented with dietary energy 

sources (soybean and sunflower oil) gave 

variable effects on milk composition. 

 

Blood serum parameters at post- suckling and 

lactation periods 

The blood parameters post-suckling and 

lactation weeks are presented in Table 6. The 

biochemical blood profile showed clear 

significant differences (P<0.05) among 

experimental diets and periods of milk harvest 
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except for glucose level. It is of interest to note 

that goats fed non-traditional energy attained 

changes in biochemical blood compared to 

control goats during suckling and lactation 

periods. Energy sources supplemented to T2, 

T3 and T4 diets could cause slight increase in 

serum glucose concentration than diet fed to T1. 

However, serum blood glucose booster in 

sucking than milking periods. Changes in 

glucose level may be due to the high dietary 

amount of long chain fatty acids that increase 

hepatic gluconeogenesis leading to increase 

propionate production in the rumen (Liel et al., 

2010). Energy supplements caused 

inconsiderable increase in the serum 

triglyceride compared to control diets in both 

suckling and lactating periods. Similar results 

were explained by Sampelayo et al. (2006) who 

defined that polyunsaturated fatty acids (PUFA) 

in high energy diet reduce lipolysis in the body, 

subsequently reduce plasma levels of 

nonesterified fatty acids (NEFA) and levels of 

triglycerides. In the current study, feed 

treatments did not have clear trend on levels of 

triglyceride during suckling and milking 

periods. Similar results were obtained by El-

Shafie and El-Ashmay, (2010) who stated 

different values of triglyceride throughout 

suckling and milking periods in relation to 

outcome of feedstuffs intake, thus confounding 

their translation as nutritional biomarkers. The 

cholesterol, HDL and LDL indirectly reflect the 

degree of exogenous energy availability and the 

hepatic functionality. The high levels of serum 

cholesterol and LDL in T2 and T4 led to 

beneficial effect on hormonal synthesis and 

utilization.  Hu et al. (2010) reported that luteal 

cells, luteinized granulose cells, fetal adrenal 

cells and placental cells preferentially utilize 

LDL leading to good reproductive parameters. 

Also, these authors reported that incubation 

cells with HDL causes an actual decrease in 

biosynthesis of steroid hormones. The results of 

the present study showed that diet supplied by 

non-conventional energy attained LDL 

percentages of 9.49%, 4.50% and 8.47% during 

suckling and 10.01%, 1.00% and 10.40% 

during milking weeks for T2, T3 and T4 diets, 

respectively. Also, the lowest HDL percentages 

were obtained in T4 during suckling (2.38%) 

and milking (5.86%) periods. The increase in 

serum total cholesterol level in trial goats may  

 

Table 5: Milk composition during suckling and lactation period as affected by dietary 

treatments.  

Items % Dietary treatments 

T1 T2 T3 T4 

 Milk composition during suckling period 

Fat  4.63±0.36
b
 5.46±0.28

a
 5.19±0.26

a
 5.67±0.34

a
 

Protein 2.49±0.11
 
 2.61±0.09 2.64±0.13

 
 2.69±0.10 

Lactose 3.78±0.08
b 
 4.22±0.07

a
 4.27±0.06

 a
 4.34±0.09

a
 

Ash 0.78±0.01 0.82±0.03 0.81±0.04 0.84±0.2 

Total solids 11.68±0.14
c
 13.11±0.16

a
 12.91±0.12

b
 13.54±0.15

a
 

Solids non fat  7.05±0.06 7.65±0.04 7.72±0.05 7.87±0.07 

GEM  (Kcal/kg) 717.23±11.22
d
 823.28±13.17

b
 801.82±15.10

c
 853.47±18.11

a
 

 Milk composition during lactation period 

Fat  3.34±0.16
b
  3.92±0.18

a
 3.73±0.19

a
 4.27±0.21

a
 

Protein 2.35±0.06
 
 2.38±0.08 2.43±0.11

 
 2.81±0.12 

Lactose 3.42±0.08
b 
 3.72±0.10

a 
3.84±0.09

a 
 3.91±0.06

a
 

Ash  0.71±0.01 0.75±0.03 0.73±0.02 0.76±0.04 

Total solids 9.82±0.11
c
 10.77±0.10

b
 10.73±0.12

b
 11.75±0.14

a
 

Solids non fat 6.48±0.08 6.85±0.05 7.00±0.06 7.48±0.07 

*GEM (Kcal/kg) 570.21±12.54
d
 641.90±14.11

b
 631.74±12.11

c
 705.15±13.55

a
 

Values with different superscripts in the same row, differ significantly (P<0.05). 

*GEM-=gross energy of milk. 
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Table 6: Blood serum parameters during suckling and lactation periods as affected by dietary 

treatments. 

parameters Dietary treatments 

T1 T2 T3 T4 

 Blood parameters during suckling period  

Glucose, mg/dl 57.85±7.55
 
 59.78±6.65

 
 61.11±5.69 60.66±6.14 

Triglycerides, mg/dl 88.18±8.13
b 
 90.36±7.35

a
 86.49±9.25

b 
 89.97±8.59

b
 

Cholesterol, mg/dl 94.59±15.44
b
 103.13±12.26

a
 95.66±14.16

b
 100.62±15.13

a
 

LDL, mg/dl  63.08±4.38
c 
 69.07±5.22

a
 65.92±3.96

 b
 68.42±6.82

a
 

HDL, mg/dl 13.87±1.98
 b
 15.98±3.35

 a
 12.44±3.21

 b
 14.20±2.84

 b
 

AST, IU/L 54.16±3.14
a
 47.55±4.11

b
 45.71±3.52

b
 46.46±3.33

b
 

ALT, IU/L 24.88±2.26
a
 18.25±2.15

b
 16.52±1.95

b
 17.75±2.17

b
 

 Blood parameters during lactation period  

Glucose, mg/dl 56.44±4.25 57.33±5.11 59.69±6.72 58.35±4.95 

Triglycerides, mg/dl 82.39±8.61
b
 89.67±7.46

 a
 82.64±8.20

b 
 84.44±7.59

 b
 

Cholesterol, mg/dl 90.22±13.65
b
 98.94±16.11

a
 89.16±15.29

b
 97.71±14.28

b
 

LDL, mg/dl  60.77±3.95
b
 66.58±4.25

a 
61.37±5.01

b 
 67.09±5.21

a
 

HDL, mg/dl 12.97±5.33
 b
 14.43±4.62

 a
 11.26±4.69

b
 13.73±5.53

b
 

AST, IU/L 53.99±4.23
a
 46.54±5.25

 b
 44.15±4.65

 b
 45.51±4.95

 b
 

ALT, IU/L 25.85±1.68
a
 19.65±1.33

b
 17.76±2.11

b
 18.49±1.11

b
 

 Values with different superscripts in the same row, differ significantly (P<0.05).  

 

be due to action of energy supplementation 

which increases the lipoprotein cholesterol 

export by the intestine. Espinoza et al. (1997) 

concluded that energy balance in the diet 

promote the production of lipoproteins in the 

intestine which is the major site of de novo 

cholesterol synthesis (acetate) in ruminants. 

Also, these authors defined that lipoprotein 

would most probably be the reason behind the 

observed increase in serum cholesterol levels. 

Generally, Ghattas and Nasra (2010) stated that 

supplemental energy (as fat) increased plasma 

levels of cholesterol, triglycerides, high density 

HDL and LDL.  

The activity of AST and ALT in blood serum 

goats was significantly different (P<0.05) 

among the experimental rations and during 

suckling and milking periods. The high AST 

level indicated damage in the muscles, heart, 

opposed to the liver, prolonged fasting, 

infectious, liver disease and extensive hepatic 

necrosis. The ALT is an enzyme which 

transfers amino group from alanine to 

ketoglutaric acid, forming glutamate pyruvate. 

High ALT levels should be encouraged to 

prevent liver damage (this damage can occur 

because of toxins, not enough oxygen, 

inflammation, disorders of metabolic and 

increasing mitochondria membrane 

permeability). In accordance with the present 

results, goats were fed non-conventional energy 

had mean normal ranges of AST and ALT. 

Tibbo et al. (2008) recorded that the mean 

normal serum enzymes levels ranged from 14.0 

- 20.2 IU/L for ALT from 43.2 - 49.3 IU/L for 

AST in goats. Furthermore, beside the normal 

ranges of AST and ALT activities, serum of 

goats indicated a good nutritional status and 

their livers function were in a normal 

pathological condition (Anwar et al., 2012 and 

Li et al., 2012).  At all events, Oler and 

Głowińska (2013) described that a risk of 

higher ALT and AST was associated with liver 

morbidness and liver deterioration. Also, these 

authors explained that liver disease had been 

associated with body fat distribution, plasma 

glucose, lipid, bilirubin concentrations and 

impairment of kidney function.  

 

CONCLUSION 
From these results, it could be concluded that 

types of inexpensive non-conventional energy 

supplement to poor diet positively improved 

liver function and increased body weight of 

goats and born kids. The dairy goats fed rations 

combined with 2.5% PF and 2.5% CSL seems 
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to be more effective than either 5% PF or 5% 

CSL or control on production and reproduction 

performances.  
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 الولخص العرتي

 

 الحلاب يثعز الزرايللوا يوالتٌاسل يالإًتاج الأداءلتحسيي  للعلائق طاقة غير تقليذية هصادرإضافة 

 
 ، حٌاىفايذ أهل عثذ الوجيذ أحوذ عثذ الرحوي هحروس، ،يوسف حسيي حافظ، ، هشام رجة تحيرى عزالذيي إتراهين خليفة , 

 حسٌيي احوذ هحوود

 يصش انعٛضج، انذلٗ، ٕاَٗ ،يشكض انثحٕز انضساعٛح،يعٓذ تحٕز الإَراض انحٛ

 

طالح  يصادس ضافحإأششانرعشف عهٗ  انذساسحانٓذف يٍ 

داء الإَراظٗ الأذحسٍٛ عهٗ  الأساسٛحعلائك نه ذمهٛذٚحغٛش 

 ْزا انعًمفٗ . ٔلذ اسرخذو نهًاعض انضساتٛٗ انحلاتحٔانرُاسهٗ 

يخهٕط ٪ 06ذركٌٕ يٍ  T1: كانرانٙ يٍ انعلائك َٕاعأستع أ

٪ لش الأسص 06(، تالإضافح إنٗ CFMيشكضاخ اعلاف )

(RS،) T2  ٌٕ06يٍ ذرك %CFM  +00% RS +0  %

٪ 50  يٍ  ذركٌٕ Megalac ® ،  T3( يٍ PF) دٍْ يحًٗ

CFM  +00% + RS 0 انسائم انًرخهف عٍ اَراض انُشا %

  CFM +00 %RS ٪ 06ذضى  T4، ( CSL ) يٍ انزسِ

CSL% 2.5 + PF% 2.5 +ٔ .ٕٚيا  82لثم  لذيد انعلائك

 82اشٍُٛ ٔذسعٍٛ ياعض صساٚثٙ )ٌ =  نعذديٍ يٕسى انركاشش 

انعًش كعى ٔ 20,58 صٌ انعسى ٔ يرٕسظ نكم يعًٕعح(. كاٌ

ل يشاحم انحًم، ٔالأداء خلا مذٚش انٕصٌذى ذٔلذ . شٓشا 26 >

 ٔذشكٛة انحهٛة خلال انشضاعح ٔانحهٛة ، إَراضانرُاسهٗ

انُرائط  ًٚكٍ ذهخٛص ٔ. ٔذشكٛة انذو خلال انشضاعح ٔانحهٛة

ٔ  T2انًاعض انرٗ ذغزخ  انرانٗ: عهٗ انُحٕ انًرحصم عهٛٓا

T4   ٗخلال  (6.60عُذ انًسرٕٖ )فشٔق يعُٕٚح  أظٓشخ أعه

 T2  ٔT4 ٔانعهٛمح . T1  ٔT3 يع ًخرهفح يماسَحانًشاحم ان

 ٔكاٌ. T1  ٔT3 ( يٍ%0ذُاسهٗ تًعُٕٚح ) حممد أفضم  أداء

يماسَح  T4  ٔT3 T2 يع انعلائكيعذل انخصٕتح أعهٗ 

 ،٪ 600,08٪، 620,50٪، 866,66حٛس كاَد  T1 تانعهٛمح

ذحسٍ فٗ نثٍ  ٪ عهٗ انرٕانٙ. ٔأشاسخ انذساسح إنٗ 626,02

ٔذحسٍ فٗ اَراض  ٪08,66 ،٪ 88,02٪، 06,20انشضاعح 

 ٔ T2 ،T3٪ يع 22,00 ،٪ 68,06٪، 80,86تُسثح  انهثٍ

T4 ٙهحهٛة يع ن. ذى انحصٕل عهٗ أفضم ذشكٛثح عهٗ انرٕان

T2  ٔT4 يماسَح يع T1  ٔT3.انذو لذ  ٔكاٌ ذشكٛض ظهٕكٕص

 T2 ،T3ذغٛش لهٛلا دٌٔ فشٔق راخ دلانح إحصائٛح تٍٛ انًاعض 

 ٔT4  انًاعض تيماسَحT1 ة. ٛأشُاء انشضاعح ٔفرشاخ انحه

صلاشٛح انذٌْٕ ان يصمنهذو  ٔانرحهٛلاخ انثٕٛكًٛٛائٛح

كاَد يعُٕٚح  LDL ،HDL ،AST  ٔALTٔانكٕنٛسرشٔل، 

. علائك انطالح انرمهٛذٚح يماسَح تعهٛمح انًماسَحفٗ انفشٔق تٍٛ 

انحلاب عهٗ ذغزٚح انًاعض انضساٚثٙ  َسرُرط أٌ يٍ ْزِ انُرائط

انطالح غٛش انرمهٛذٚح  يصادس انرٙ ذحرٕ٘ عهٗ انعلائك

رحمك ٚ CSL ٔPFانعًع تٍٛ عُذ صا ٕخصٔ شخٛصح ان

 الأداء انرُاسهٗٔٔصٌ انًاعض اشُاء يشاحم انحًم فٗ  ذحسٍٛ

 ٔيماٚٛس انذو ٔكًٛح انثٍ ٔذشكٛثّ اشُاء انشضاعح ٔانحهٛة

 نهًاعض انضساٚثٗ انحلاب.

 

 


