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Research Article

Abstract |  The objective of this study was to evaluate the impact of protected fat (PF) or glycerol (GL), oral adminis-
tration on puberty, some metabolic parameters, and pregnancy rate of Friesian heifers. Eighteen Friesian female calves 
(14.55±1.15 months of age and 205.0±16.09 kg LBW) were divided into three groups (6 in each) according to age and 
body weight. All groups were fed same diet; control group was untreated (CG), while those in the 2nd and 3rd groups 
were orally treated with 300 ml GL/head/twice/week (GG) or daily 25 g PF/100 LBW (PFG) from 14 to 18 month 
of age. Results showed that PFG achieved the highest (P<0.05) body weights, weight gains, and body measurements at 
puberty, 1st service, and conception. Values of red and white blood cells, hemoglobin, packed cell volume, plasma total 
proteins, globulin, glucose, total cholesterol, total lipids, and triglycerides increased (P<0.05), while those of urea-N, 
creatinine, and aspartate and alanine transaminases  decreased (P<0.05) in GG and PFG compared with CG. Ages at 
puberty, 1st service, and conception were earlier (P<0.05) in GG and PFG than in CG. Pregnancy rate was the highest 
in GG (100%), followed by PFG (83.3%), and the lowest in CG (66.7%) within a service period of 90-days (P<0.05). 
Plasma progesterone at puberty and conception was higher (P<0.05) in GG and PFG than in CG. In conclusion, 
pre-puberty treatment of female calves orally with 300 ml glycerol twice/week/head or protected fat (25 g/100 kg) 
for 4 months is important for raising breeding heifers for precious puberty, early ages at 1st service and conception, 
increased pregnancy rate, and better body confirmation. 
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INTRODUCTION

Heifers are future herd of a dairy farm to replace the 
older and uneconomical females of the farm through 

voluntary culling (Bhatti, et al., 2007). The cost of rearing 
replacement heifers is one of the highest investments in 
the dairy industry. Thus, proper nutritional and manage-
ment practices must be placed to maximize the return of 
investment ( Jolazadeh et al., 2019).

Precocious puberty allows the heifer to have more estrous 
cycles before breeding age, improves pregnancy rate fol-
lowing the 1st service (Buskirk et al., 1995), and enhanced 
animal longevity (Lesmeister et al., 1973). Age at puberty 
ranged between 10-14 months in different breeds of heif-
ers (Freetly and Cundiff, 1997). Friesian heifers usually 
attain puberty when they reach about 55-60% (Bayatkou-
hsar et al., 2013) or 60 to 65% (Endecott et al., 2013) of 
their adult body weight which may be a standard during 
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the starting breeding season in heifers. The age at which 
they attain puberty can be highly variable, ranging from 
16 to 30 months (Bayatkouhsar et al., 2013). Therefore, the 
reproductive efficiency in heifers was determining by age at 
puberty (Perry, 2016). 

Feed additives can improve gut health of the animals, 
which results in increased digestion rate, better growth 
performance (Kawakami et al., 2010; Frizzo et al., 2011), 
and very effective weight gains (Berge et al., 2005). Energy 
balance (EB) is the principal nutritional factor regulating 
the reproductive system (Wade et al., 1996). Establish-
ment of normal ovulatory cycles may be related to the time 
of EB nadir. In this respect, Beam and Butler (1997) ob-
served that only 24% of follicles that matured prior to the 
EB nadir ovulated, whereas 75% of follicles that matured 
after the EB nadir ovulated. 

One of the most valuable sources of extra-energy supple-
mentation is propionate compounds. Propionate is the ma-
jor glucose precursor in ruminants that are in positive EB 
and is anti-ketogenic (Drackley 1999). The dietary energy 
level increases in fats compared with carbohydrates (Mat-
tos et al., 2000). Protected fats (PF) are fatty acids com-
bined with Ca salts that help these fatty acids to escape 
from fermentation in the rumen and increase their die-
tary contents in the small intestine ( Jenkins and McGuire 
2006; Palmquist and Jenkins, 2017). Therefore, PF are used 
as an alternative to improve the density of dietary energy 
in dairy cows (Hammon et al., 2008). The beneficial effects 
of fatty acids on reproductive performance may involve 
increased energy density of the diet, affect the follicular 
development, elevate progesterone level, prevent signals of 
luteolytic during pregnancy, and improve quality of embry-
os (Dirandeh et al., 2013). Supplementation of by-pass fat 
improves the EB of lactating buffaloes (Atkare et al., 2018) 
and dairy cows (Ballou et al., 2009) during early post-par-
tum period.

Physiologically, impacts of Glucogen (e.g., glycerol) treat-
ment, as oral dose, were due to their absorption by rumi-
nal microflora as intact molecules and metabolite products 
(Kalyesubula et al., 2019). Glycerol (GL) is another gluco-
neogenic precursor that might be effective in the treatment 
of ketosis, and is safe to administer in larger amounts as 
a drench (Osman et al., 2008). GL is a by-product of bi-
ofuel production that is used in cattle feed, with mature 
cattle being capable of consuming up to one kg GL/day 
(Südekum, 2007). The energy value of GL is estimated to 
be 16.2 MJ metabolizable energy (ME) of dry matter for 
ruminants (Mach et al., 2009). Consumed GL may be fer-
mented in the rumen, absorbed across the rumen epithe-
lium or escape the rumen by outflow through the omasal 
orifice (Werner Omazic, et al., 2015). 

Therefore, the objective of the present experiment is eval-
uating the impact of oral administration of protected fat 
or glycerol for four months (14 to 18 months of age), as a 
source of energy, on puberty, some metabolic parameters, 
and pregnancy rate of Friesian heifers.

MATERIALS AND METHODS

The experimental work of this study was conducted at An-
imal Production Research Institute (APRI), Egypt, in co-
operation with Department of Animal Production, Facul-
ty of Agriculture, Mansoura University. The handling and 
management of animals were conducted according to the 
Directive 2010/63/EU for animal protection which used 
for scientific purposes (Official Journal of the European 
Union, 2010).

experiMeNtal desigN
A total of 18 healthy Friesian female calves with 14.55±1.15 
months of age and 205.00 ± 16.09 kg LBW were divided 
randomly into three experimental groups according to age 
and body weight (6 in each). The control animals received 
a control diet without treatments (CG). Animals in the 2nd 
and 3rd groups received the control diet with oral-dose of 
300 ml Glycerol/head/ twice a week (GG; El-Kasrawy et 
al., 2020), or daily dose of 25 g protected fat /100 LBW 
(PFG; Mohd Azmi et al., 2021) for four months from 14 
to 18 month of age as a treatment period. 

The used glycerol was with purity of ≥99% (Sigma, Sig-
ma Aldrich Chemie Gmbh, Munich, Germany) and the 
treatment dose was according to El-Kasrawy et al. (2020), 
while protected fat was MEGALAC® (VOLAC ingredi-
ents SDN, BHD Malaysia). MEGALAC is prepared from 
crude palm oil that contains high levels of Polyunsaturated 
Fatty Acid (PUFA) and contains 84% oil, 9% calcium, 5% 
moisture and 32 MJ/ kg DM. It contains a fatty acid pro-
file of 44% palmitic, 40% oleic and 9.5% linoleic acids.

Throughout four reproductive stages, pre-puberty (14 
month of age), puberty, first service, and conception, 
amounts of feeds were adjusted every two weeks accord-
ing to animal live body weight. All experimental Friesian 
female calves were individually housed in semi-open sheds 
and managed under similar environmental and managerial 
conditions.

feediNg systeM
Feeding of animals in all groups was achieved individual-
ly on a diet containing concentrate feed mixture (CFM), 
berseem hay (BH), and rice straw (RS) according to APRI 
requirements of Friesian calves. Diets were given twice (7 
a.m. and 4 p.m.), while clean water was available all day 
time. Chemical analysis of different feedstuffs fed to ani-
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mals is shown in Table 1.

Table 1: Chemical analysis of concentrate feed mixture 
(CFM), berseem hay (BH) and rice straw (RS) in the 
control diet of the experimental animals.

Item DM 
%

Chemical analysis % (on DM basis)
OM CP EE CF NFE Ash

CFM 89.25 91.52 16.15 3.31 11.35 60.71 8.48
RS 89.63 82.21 3.36 1.27 33.98 43.60 17.79
BH 90.42 87.36 12.73 1.39 29.46 43.78 12.64

DM= Dry matter, OM= Organic matter, CP= Crude protein, 
CF= Crude fiber, EE= Ether extract, NFE= nitrogen-free extract.

experiMeNtal procedures
Live body weight of heifers pre-puberty and at puberty, 
first service, and conception was recorded then average 
daily gain of calves at intervals from pre-puberty-puberty, 
puberty-1st service, 1st service –conception, and pre-puber-
ty- conception was calculated. Body measurements includ-
ing body length, barrel girth, wither, hip height, and hook 
bone width (HBW) were estimated by tap pre-puberty, at 
puberty, and at conception according to Hoffman (1997). 

Heifers were observed for estrous activity by introducing 
teaser bull twice (6 a.m. and 6 p.m.) starting at 14 month 
of age. Age at puberty was determined by exhibiting the 
1st estrous signs in each calf. At the 1st estrus post-puberty, 
heifers in heat were naturally served by fertile mature bull, 
then age at 1st service and conception was recorded.

Reproductive performance parameters, including age 
at puberty, 1st service, and conceptions as well as preg-
nancy rate were recorded according to Abd El-Latif 
(2005). Pregnancy was diagnosed by rectal palpation on 
day 50 post-services, then pregnancy rate was calculated. 
Non-pregnant animals were re-served, and the number of 
services per conception within 90-days service period was 
recorded. Pregnancy was indicated by determination of P4 
level in blood plasma 50-day post-service for pregnant an-
imals. Pregnancy period was calculated within 60 and 90 
days of the 1st service.  

blood saMples aNd aNalytical procedures
Blood samples were taken from all animals in each group 
pre-puberty (14.47-14.62 months of age), at puberty (1st 
estrous activity), and at conception. Blood samples were 
collected by the jugular vein puncture into two heparinized 
test tubes, the 1st as whole blood and the 2nd for obtaining 
blood plasma by centrifugation at 4000 rpm for 15 min-
utes, then plasma was stored at -20oC until performing 
biochemical analysis.

In the whole blood samples, hemoglobin (Hb) concentra-
tion and packed cell volume (PCV%) were directly meas-

ured by Mission® Plus kit (REF C132-3031, USA) ac-
cording to Henry (2001). Count of red blood cells (RBCs) 
and white blood cells (WBCs) was determined by a vet-
erinary hematology analyzer (Exigo, Boule medical AB., 
Sweden).

In blood plasma samples, biochemical concentrations of 
total proteins (Tietz, 1990), albumin (Tietz, 1994), glu-
cose (Trinder, 1969), total cholesterol (Richmond, 1973), 
triglycerides (McGowan et al., 1983), urea nitrogen (Tietz, 
1990), and creatinine (Bartles et al., 1972) were assayed 
photo-metrically using spectrophotometer ( JENWAY 
6405 UV/Vis) and commercial kits (Bioassay systems, San 
Francisco, USA). Concentration of globulin was computed 
by subtracting concentration of total proteins from albu-
min. 

The liver function was evaluated by measuring activity of 
ALT and AST enzymes in blood plasma according to Re-
itman and Frankel (1957). Blood plasma concentrations of 
P4 were assayed by radioimmunoassay (RIA) commercial 
kits (Coat-A-Count®-TKT31) by using Automatic Mi-
ni-Gamma Counter (LKB-1275; Saunders, 1995).

statistical aNalysis 
The obtained data were statistically analyzed according 
to IBM SPSS analysis program (SPSS, version 25, 2017). 
Data concerning live body weight, daily gain, body meas-
urements, hemato-biochemical parameters, age at puberty, 
1st service, and progesterone profile of animals were sta-
tistically analyzed by one-way ANOVA. Duncan Multi-
ple Range Test (Duncan, 1955) was used for detecting the 
significant differences among groups at P<0.05. However, 
pregnancy rate of calves was tested by using Chi-square 
test.

RESULTS 

live body Weight aNd gaiN
Treatments showed significant (P<0.05) effect on LBW 
and average daily gain (ADG) of animals at different re-
productive stages (Figs. 1 and 2, respectively). Animals in 
PFG were the heaviest at puberty, 1st service, and concep-
tion (Fig. 1) and the highest ADG at different reproductive 
intervals (Fig. 2) as compared to CG (P<0.05). Heifers in 
GG were heavier (P<0.05) than control (CG) only at con-
ception (Fig. 1), but showed higher (P<0.05) ADG than 
CG only at intervals (pre-puberty-puberty and pre-puber-
ty – conception, Fig. 2). 

body MeasureMeNts
Treatments showed significant (P<0.05) effect on all body 
measurements studied only at puberty and conception 
(Table 2). Animals in treatment groups (GG and PFG) 
had better body measurements at puberty (P<0.05) and 
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Table 2: Effect of treatment on calf ’s body measurements pre-puberty, at puberty and at conception.
Item Body measurement (cm)

Body length Barrel girth Wither Hip height HBW≠

Pre-puberty
CG 84.83±3.97 139.33±8.62 82.00±5.36 84.17±5.60 27.17±1.17
GG 86.00±5.21 138.83±9.76 82.50±7.06 84.33±6.77 27.50±1.38
PFG 85.83±2.78 139.50±6.28 81.67±4.67 83.50±4.84 26.50±1.22
P-value 0.869NS 0.990NS 0.969NS 0.966NS 0.398NS

At puberty
CG 112.33±4.67b 186.67±3.38b 112.83±1.72b 114.67±1.63b 31.17±2.14b

GG 120.83±5.19a 193.50±3.88a 116.67±3.14a 117.83±3.54ab 36.17±1.94a

PFG 122.83±4.44a 195.67±1.75a 117.50±2.59a 119.00±2.68a 36.83±1.47a

P-value 0.004** 0.000*** 0.014* 0.040* 0.000***
At conception
CG 124.00±8.32 200.67±9.91b 116.50±3.27b 118.83±3.25b 34.83±2.93b

GG 130.83±8.40 214.33±6.62a 120.17±2.93a 122.17±3.60ab 37.83±1.47a

PFG 134.33±4.72 215.47±4.93a 121.67±2.06a 123.50±2.08a 38.50±1.05a

P-value 0.076NS 0.013* 0.017* 0.048* 0.014*
Means with different superscripts within the same column for each stage are significantly different at P<0.05. NS: Not significant. * 
Significant at P<0.05. ** Significant at P<0.01.  *** Significant at P<0.001. ≠ HBW: Hook bone width.

Table 3: Effect of treatment on blood cells count, hemoglobin, and packed cell volume pre-puberty, at puberty and at 
conception.
Item Hematological parameter

RBC (x106/mm3) WBC (x103/mm3) Hb (g/dl) PCV (%)
Pre-puberty
CG 7.67±0.28 7.88±0.11 8.85±0.71 32.90±0.69
GG 7.42±0.20 7.95±0.27 9.03±0.34 33.06±1.22
PFG 7.40±0.17 7.91±0.28 8.95±0.29 32.61±0.86
P-value 0.637NS 0.976NS 0.966NS 0.945NS

At puberty
CG 7.88±0.09b 8.08±0.15b 9.82±0.11b 35.80±1.16b

GG 9.52±0.32a 8.86±0.23a 11.27±0.65a 39.18±1.15a

PFG 9.72±0.07a 8.98±0.26a 11.45±0.43a 40.23±0.67a

P-value 0.000*** 0.021* 0.043* 0.020*
At conception
CG 8.04±0.12b 8.21±0.16b 10.62±0.10b 36.12±1.14b

GG 10.72±0.07a 9.01±0.22a 12.47±0.65a 41.07±0.66a

PFG 10.81±0.32a 9.14±0.26a 12.75±0.42a 42.04±1.16a

P-value 0.000*** 0.018* 0.009** 0.009**
Means with different superscripts within the same column for each stage are significantly different at P<0.05. RBC: Red blood cells 
count. WBC: White blood cells count.  Hb: Hemoglobin. PCV: Packed cell volume. NS: Not significant. * Significant at P<0.05. ** 
Significant at P<0.01. *** Significant at P<0.001.

conception (P≥0.05) than the controls in term of longer 
body, increased barrel girth, wither, hip height, and hook 
bone width in comparison with CG. Such measurements 
are in parallel with the change in LBW and average daily 
gain of animals in different groups.

heMatological paraMeters
The significant effect of treatment on hematological pa-
rameters revealed remarkable improvements (P<0.05) in 
GG and PFG regard to count of RBCs and WBCs, Hb 
concentration, and PCV percentage at puberty and con-
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ception. The most effect of treatments was found on RBCs 
rather than on other hematological parameters studied 
(Table 3).

Figure 1: Live body weight of animals at different 
reproductive stages (pre-puberty to conception). (Means at 
each stage with different superscripts differ significantly at 
P<0.05). 

Figure 2: Average daily gain of animals at different 
reproductive stages (pre-puberty to conception). (Means at 
each stage with different superscripts differ significantly at 
P<0.05). 

proteiN aNd carbohydrate MetabolisM
Results in Table 4 showed that GG and PFG had high-
er (P<0.05) concentration of plasma total proteins, by in-
creasing (P<0.05) globulin level without significant effect 
on albumin level at puberty and conception. Also, both 
treatments increased glucose concentration at puberty and 
conception. 

lipid profile
Data presented in Table 5 revealed a marked increase 
(P<0.05) in concentration of plasma total cholesterol, total 
lipids, and triglycerides of claves in PFG as compared to 
CG at puberty. However, only plasma total lipids concentr-

Table 4: Effect of treatment on protein metabolites in 
blood plasma pre-puberty, at puberty and at conception.
Item Blood plasma concentration

Total pro-
teins (g/dl)

Albumin 
(g/dl)

Globulin 
(g/dl)

Glucose 
(mg/dl)

Pre-puberty
CG 6.07±0.20 3.20±0.13 2.87±0.18 52.66±1.48
GG 6.14±0.26 3.25±0.04 2.89±0.24 52.89±1.13
PFG 6.15±0.18 3.23±0.19 2.91±0.21 52.96±1.97
P-value 0.963NS 0.966NS 0.988NS 0.990NS

At puberty
CG 7.03±0.26b 3.36±0.19 3.66±0.41b 53.41±1.74b

GG 9.21±0.36a 3.91±0.29 5.29±0.32a 59.62±2.15a

PFG 9.59±0.49a 3.97±0.33 5.62±0.43a 62.91±2.04a

P-value 0.011* 0.307NS 0.001*** 0.039*
At conception
CG 7.99±0.18b 3.43±0.18 4.55±0.22b 54.32±1.93b

GG 10.35±0.27a 3.98±0.29 6.37±0.34a 64.76±1.94a

PFG 10.64±0.35a 4.00±0.33 6.64±0.52a 65.86±1.58a

P-value 0.000*** 0.307NS 0.003** 0.001***
Means with different superscripts within the same column 
for each stage are significantly different at P<0.05. NS: Not 
significant. * Significant at P<0.05. ** Significant at P<0.01. *** 
Significant at P<0.001.

Table 5: Effect of treatment on lipid profile in blood 
plasma pre-puberty, at puberty and at conception.
Item Blood plasma concentration (mg/dl)

Total cholesterol Total lipids Triglycerides 
Pre-puberty
CG 179.15±5.32 489.00±4.97 20.04±0.89
GG 180.23±5.95 487.53±5.81 18.73±0.78
PFG 178.40±5.06 486.83±7.33 19.25±0.72
P-value 0.965NS 0.948NS 1.000NS

At puberty
CG 187.36±7.31b 494.66±6.63b 19.22±1.07b

GG 207.04±7.73ab 537.45±5.68a 22.48±1.59ab

PFG 214.03±8.57a 551.72±6.42a 25.69±1.25a

P-value 0.050* 0.000*** 0.008**
At conception
CG 186.36±9.08b 492.21±9.36b 20.37±0.92b

GG 224.47±7.16a 554.71±9.48a 26.83±1.13a

PFG 233.34±8.50a 563.54±10.80a 27.88±1.18a

P-value 0.005** 0.000*** 0.000***
Means with different superscripts within the same column 
for each stage are significantly different at P<0.05. NS: Not 
significant. * Significant at P<0.05. ** Significant at P<0.01. *** 
Significant at P<0.001.
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Table 6: Effect of treatment on markers of kidney and liver function in blood plasma pre-puberty, at puberty and at 
conception.
Item Blood plasma concentration

Urea-N (g/dl) Creatinine (g/dl) AST (IU/dl) ALT (IU/dl)
Pre-puberty
CG 17.29±0.65 1.41±0.06 46.86±1.34 21.03±1.15
GG 17.10±0.88 1.32±0.07 48.32±1.28 20.78±0.88
PFG 17.04±0.92 1.33±0.08 47.18±1.45 20.35±0.99
P-value 0.976NS 0.654NS 0.734NS 0.849NS

At puberty
CG 16.30±0.61a 1.05±0.12a 46.49±1.07a 20.94±1.18a

GG 10.06±0.52b 0.68±0.10b 39.41±1.28b 16.33±1.01b

PFG 9.33±0.45b 0.66±0.13b 37.40±1.73b 15.09±0.97b

P-value 0.000*** 0.050* 0.001*** 0.003**
At conception
CG 15.89±0.68a 0.98±0.13a 46.07±1.89a 20.59±0.96a

GG 8.85±0.56b 0.61±0.07b 35.78±1.86b 14.22±0.58b

PFG 7.82±0.48b 0.58±0.05b 33.77±1.55b 12.75±0.94b

P-value 0.000*** 0.013* 0.000*** 0.000***
Means with different superscripts within the same column for each stage are significantly different at P<0.05. NS: Not significant. * 
Significant at P<0.05. ** Significant at P<0.01. *** Significant at P<0.001.

Table 7: Effect of treatment on reproductive performance parameters of heifers.
Item Experimental group P-value

CG GG PFG
Pre-puberty age (Initial age, months) 14.47±1.38 14.23±1.33 14.28±1.53 0.956NS

Age at puberty (months) 20.06±2.86a 16.61±2.27b 16.43±2.19b 0.037*
Age at 1st service (months) 22.98±2.97a 18.69±2.40b 18.29±2.31b 0.011*
Age at conception (months) 25.23±2.82a 20.31±2.45b 20.11±2.74b 0.007**
Service period (day) 67.50±11.75 48.60±6.17 54.50±10.13 0.389NS

Number of services/conception 3.33±0.61 2.33±0.33 2.50±0.50 0.338NS

Pregnancy rate within 60-d service period 16.7c 50a 33.33b -
Pregnancy rate within 90-d service period 66.7b 100a 83.3ab -

Means in the same row with different superscripts differ significantly (P<0.05). 
NS: Not significant. * Significant at P<0.05. ** Significant at P<0.01.

-ation was increased (P<0.05) in GG as compared to 
CG at puberty. At conception, both treatments increased 
(P<0.05) lipid profile as compared to CG. The most effect 
of treatment was recorded on total lipids and triglycerides 
at puberty and conception. 

KidNey aNd liver fuNctioN of calves
Effect of treatment on plasma concentration of urea-N, 
creatinine, AST and ALT at puberty and conception was 
significant (Table 6). At both stages, concentration of plas-
ma urea-N and creatinine, as markers of kidney function, 
and AST and ALT activities, as variables for function of 
the liver, were lower (P<0.05) in GG and PFG than in CG. 

reproductive perforMaNce of heifers
Effect of treatment on age at different reproductive stag-
es was significant (P<0.05, Table 7). Heifers in treatment 
groups (GG and PFG) showed earlier (P<0.05) ages at 
puberty, 1st service, and conception than those in CG, be-
ing the earliest in PFG. Service period length (SPL) was 
shorter (P<0.05) and number of services per conception 
(NSC) was lower (P<0.05) in GG and PFG than in CG, 
but the differences were not significant. Pregnancy rate 
(PR) was the highest in GG, followed by PFG, and the 
lowest in CG (P<0.05) within 60 and 90-day service peri-
od (Table 7).
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plasMa progesteroNe profile
Effect of treatment on progesterone (P4) profile in blood 
plasma of heifers at puberty and conception was signifi-
cant (P<0.05), but insignificant pre-puberty differences 
were observed as illustrated in Fig. 3. Heifers in treatment 
groups (GG and PFG) had higher plasma P4 concentra-
tion (P<0.05) at puberty and conception than in CG. At 
conception, P4 concentration was the highest in PFG, fol-
lowed by GG, and the lowest values were recorded in CG 
(P<0.05).

Figure 3: Concentration of plasma P4 of heifers in 
different groups pre-puberty, at puberty, and at conception. 
(Means in the same column with different superscripts 
differ significantly at P<0.05).

DISCUSSION

The current study aimed to evaluate the impact of dietary 
supplementation of protected fat or glycerol, as a source 
of energy, on puberty, some metabolic parameters, and 
pregnancy rate of Friesian heifers. Results concerning the 
LBW, average daily gain, and body measurements of heif-
ers at puberty, 1st service, and conception indicated that the 
dietary addition of glycerol or protected fat improved the 
growth performance of Friesian heifers, but PFG showed 
the highest performance as compared to the control heifers 
from pre-puberty up to conception. In similar trend to our 
results, Putrino et al. (2006) found that feeding Nellore 
heifers on protected fat (Lacto Plus® produced from veg-
etable fat soy) increased body weight gain with less dry 
matter intake. Also, feeding male bulls (14-month-old) 
on diets with 5% protected fat (LAC-100 Yakult® based 
on soybean oil complexed with calcium) improved aver-
age daily weight gain and feed conversion ratio ( Jaeger 
and Oliveira, 2007). In sheep, body weight of cull ewes 
fed diet supplemented with ruminal protected fat (RPF) 
of rice bran oil was improved significantly as compared to 
control (Bhatt et al., 2013; Bhatt and Sahoo, 2017). On 
the other hand, lipid sources influence the average daily 
weight gain (P<0.05), but significant differences were not 
found in the protein efficiency ratio and feed conversion 

of heifers (Fiorentini et al., 2012). Supplementation of 
different types of protected fats was reported to have no 
effects on animal performance of Dorper sheep (Behan et 
al., 2019). In our study the highest LBW and average daily 
gain are in parallel with the maximal values of different 
body measurements in heifers fed protected fat diet. Ac-
cording to Anderson (2008), body measurements serve as 
useful reference for growth performance. Inclusion of fat 
in ruminant diets can improve methanogenesis process and 
efficiency of energy by lowering the methane production in 
the rumen and inclusion of long-chain fatty acids in the fat 
synthesis, metabolically, without potentially requirement 
for acetate and glucose (Doreau and Chilliard, 1997). 

Improving growth performance of heifers in GG and PFG 
was associated with all hematological parameters studied. 
The dietary addition of glycerol or protected fat increased 
count of RBCs and WBCs, Hb concentration, and PCV 
percent of Friesian heifers at puberty and conception. 
Moreover, elevation of total proteins, globulin, and glu-
cose concentrations in blood plasma of heifers indicated 
marked improvement in protein and carbohydrate metab-
olism as affected by the dietary addition of glycerol or pro-
tected fat. Increasing plasma total proteins and its fraction 
globulin in PFG as compared to control was proved by 
Zeedan et al. (2010), who found an increase in total serum 
proteins due to the inclusion of either oil or fat in the diets 
of small ruminant and buffalos. Ghoniem and Atia, (2020) 
found that plasma total proteins and their fractions as well 
as glucose concentrations increased by feeding Suffolk x 
Ossimi ewes diets supplemented with 4 and 6% fatty acids. 
Similar findings were reported by Abo-Donia (2003) and 
Zeedan (2003). Although Porcu et al. (2018) found a de-
crease in total proteins and urea circulating concentrations 
as affected by intra-ruminal dosing of a glucogenic mixture 
on lactating Sarda ewes, Saleem et  al. (2018) found that 
feeding glycerol to lactating buffaloes did not affect serum 
total protein, globulin, and albumin.  These findings are in 
contrast to the increase in total proteins and globulins ob-
served in our study under the effect of glycerol. This conflict 
may be attributed to level of glycerol treatment and species 
and age variations. Glycerol (Gl) are used as gluconeogenic 
precursors (Rizos, et al., 2008; Piantoni and Allen, 2015). 
The observed increase in glucose level in GG is in accord-
ance with Osman, et al. (2008), who found increased glu-
cose plasma concentration after daily oral administration 
of 400 mL pure GL/day compared to the control group. 
Wang et al. (2009b) observed a linear increase of plasma 
glucose with increasing GL supplementation (100, 200 
and 300 g/day). Furthermore, several studies have shown 
that GL can elevate plasma glucose levels (Osman et al., 
2008; Linke, 2005; Goff and Horst, 2001). The goals of 
GL treatment are decrease the incidence of ketosis by glu-
coneogenesis stimulation, increasing plasma glucose, and 
decreasing lipolysis (Herdt and Emery, 1992). Research in-
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dicates GL is rapidly metabolized in the rumen (Garton et 
al., 1961; Wright, 1969). The increase in insulin might have 
been from the portion of GL metabolized to propionate 
or to the increase in plasma glucose, whereas the increase 
in plasma glucose might have been from the glucose-spar-
ing effect of acetate, a portion of GL being metabolized to 
propionate, or from partial absorption of GL and increased 
gluconeogenesis (Piantoni and Allen, 2015).  

The remarkable increase in lipid profile of heifers, in term 
of increasing levels of total cholesterol, total lipids, and 
triglycerides, was expected firstly for protected fat and 
secondly for glycerol treatment. This finding was proved 
only for protected fat at puberty and conception, and for 
glycerol only at conception. These results agreed with those 
reported by Jolazadeh et al. (2019), who found that the 
supplementation of fat increased pre- and post-partum 
plasma cholesterol ( Jolazadeh et al., 2019). In cows, level 
of plasma cholesterol increased in animals infused post-ru-
minally with free long-chain fatty acids (Drackley et al., 
1992). Dietary inclusion of MEGALAC, as a protected 
fat, increased the availability of blood free fatty acids; those 
are essential components of triglycerides (Shahin, 1993). 
Dietary fatty acids (4 and 6%) supplementation increased 
total cholesterol, triglycerides and total lipids as compared 
to controls during late pregnancy period (Ghoniem and 
Atia, 2020). In Friesian bulls, protected fat levels (4 or 
8%) of dietary ration dry matter increased total lipids and 
triglycerides in blood plasma, while total cholesterol was 
higher for 8% fat than the control and 4% fat (El-Bedawy 
et al., 2004). Similar results were obtained by Avila et al. 
(2000), Zeedan (2003) and Zeedan et al. (2010). The el-
evation in plasma total lipids of fat supplemented groups 
may be attributed to large quantity of fatty acids absorbed 
from fat supplemented diets through the gut and /or the 
fact that feeding fat is associated with depression in lipo-
genic enzyme activities by liver and adipose tissues (Storry, 
1981). 

The reduction in concentration of urea-N and creatinine, as 
markers of kidney function, and also the decrease in AST 
and ALT activities, as markers of liver function, was ob-
served in both GG and PFG in comparing with the con-
trol. Such results may be good indicators for higher protein 
utilization, increased feed efficiency, and normal kidney 
and liver function of heifers, which may allow the save use 
of protected fat and glycerol in calves feeding. In the same 
way, Porcu et al. (2018) found a decrease in urea circulating 
concentrations as affected by intra-ruminal dosing of a gly-
cogenic mixture on lactating Sarda ewes. Also, Ghoniem 
and Atia (2020) showed that kidney function, as urea and 
creatinine concentrations, is in the normal case as affected 
by 4 or 6% fatty acids supplementation. Contrary, some 
authors found significant increase in the concentration of 

serum urea observed adherent to the supplementation of 
cows with MEGALAC (Sallam et al., 2021), linseed oil 
addition in lactating Holstein cows (Loor et al., 2005), and 
in Red Sokoto goats supplemented with palm oil (Otaru 
et al., 2011). Moreover, liver functions, as the activities of 
AST and ALT, were not significantly affected by diet sup-
plementations with protected fat. Values of AST and ALT 
are within the normal range, indicating good nutritional 
status of animals and normal health condition of their liv-
ers (Storry, 1981). The incidence of health problems de-
creased as compared to control cows by feed fat diets ( Jola-
zadeh et al., 2019).

The rise observed in lipid profile and glucose concentration 
by both treatments in particular at conception may suggest 
an increase in energy balance for ovarian activity and repro-
ductive ability of heifers during the interval from puberty 
to conception in parallel with improving metabolism of 
protein and carbohydrate. Fat supplementation increased 
plasma cholesterol and cholesterol content in follicular 
fluid and corpus luteum (Staples et al., 1998). Another 
potential mechanism for improved reproductive efficiency 
with fat supplementation may be related to the strategic 
deposition of fatty acids in reproductive organs such as the 
endometrium (Mattos et al., 2003, 2004), which may have 
played a critical role on early resumption of heat and lower 
embryo death rate. Glucose level is essential for reproduc-
tive organs and development of oocytes (Berlinguer, et al., 
2012). The incidence of reproductive problems was lower 
in fat-treated cows than in control cows ( Jolazadeh et al., 
2019). Replacing corn with Ca-LCFA from palm oil in 
the ration of dairy cows at calving increased the number 
of small (2-5 mm), medium (6-9 mm), and large size (>15 
mm) follicles within 25 days postpartum which may be 
due to the high percentage of linoleic acid in MEGALAC 
(Sallam et al., 2021) and may be likely a direct result of the 
effects of high levels of linoleic acid in the rumen (Lucy 
et al., 1991). These results reflected a positive impact of 
glycerol or protected fat treatment on precocious ages of 
heifers at puberty, 1st service and conception, and increas-
ing pregnancy rate, with insignificant effect on number 
of services per conception. More impact seemed to be for 
glycerol than protected fat treatment on pregnancy of heif-
ers. Jolazadeh et al. (2019) reported that supplemental fat 
shortened the days at first estrus and first service compared 
with cows fed control diet. Pregnancy rate was increased 
in cows treated with fat as compared to control (75.1 vs. 
55.7%). They added that the differences in the number 
of AI per pregnancy among dietary treatments were not 
significant. Rodney et al. (2018) suggested that increased 
fatty acids, starch, and metabolizable energy balance intake 
were positively associated with increasing pregnancy rate 
of cows.
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Improving pregnancy rate of animals in GG may be due 
to that glycerol is beneficial for improving energy status 
(Chung et al., 2007). Previous reports, in vivo and in vitro, 
have showed the impact of glycerol on volatile fatty ac-
ids (VFA) profiles, with higher proportions of propionate 
relative to acetate (Wang et al., 2009a; Avila et al., 2011; 
Carvalho et al., 2011). Glycerol is an energy-rich compo-
nent, with an estimated value of 16.2 MJ ME/kg of DM 
for ruminants (Mach et al., 2009), and the glycogenic 
property of glycerol is well established (Cori and Shine, 
1935). Comparing the combined protected fat treatments 
to control resulted in a higher (P<0.05) conception rate 
to first service for the fat treatments (McNamara, et al., 
2003). Dietary addition of fatty acids supported repro-
ductive management (Rodney et al., 2015; Klebaniuk et 
al., 2017; Bryszak et al., 2019). Besides the increment of 
energy density, PUFA influence fertility in farm animals 
by modulating the biosynthesis of prostaglandins, steroids, 
and the transcriptional regulation of genes involved in the 
control of fertility (Waters et al., 2012; Marei et al., 2018).
Positive energy balance in dairy cows is associated with in-
creasing LH pulse frequency, growth rate and diameter of 
dominant follicle, weight of the corpus luteum, estradiol, 
and progesterone (Pryce and Royal, 2004; van Knegsel et 
al., 2005). This finding is proven in our study by increasing 
P4 profile with increased fat source, as an intake for heifers. 
It is well known that cholesterol uptake is the main source 
for P4 thenthysis in the lureal cells of the corpus luteum 
of pregnant animals. Lammoglia et al. (2000) found that 
high-energy diet positively impacted progesterone profile 
in heifers. In dairy cows, CL function was affected by diets 
containing PUFA, as a direct effect on production of P4 or 
an indirect effect on arachidonic acid synthesis (Mattos et 
al., 2000). 

CONCLUSION

Based on the forgoing results, pre-puberty treatment of 
female heifers orally with 300 ml GL twice/week/head or 
daily protected fat (25 g/100 kg/d) for 4 months is im-
portant for raising breeding female heifers for precious 
puberty, early ages at 1st service and conception, increased 
pregnancy rate, and better body confirmation during the 
1st parity. Supplementation of heifers with glycerol or pro-
tected fat is considered as an accepted strategy for sup-
porting fertility management and improving the animal 
performance.
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