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SUMMARY

with propylene glycol (PG); calcium propionate (CP) or their combination (PG+CP) from about 15

months of age till the occurrence of conception on blood biochemistry and body weight. Heifers in
the 1% group were fed on the control ration (T1), while those in G2, G3 and G4 were fed the control ration with
300 PG, 335 CP, and a combination of 150 PG+165 CP ml/head/twice a week, respectively from the initial of
experimental work to conception. Results show that, the total proteins, albumin, globulin and glucose were
significantly increased (P<0.05) in T4. At puberty and conception periods T4 showed significant (P<0.05)
increase in TP, AL, GL, and Glu as compared to T1. Blood total lipids and triglycerides showed significant
decrease (P<0.05) in T4 at puberty and conception periods. The total cholesterol concentration was significantly
decreased (P<0.05) in T2-T4 as compared to T1. Urea nitrogen concentration in T4 was the lowest value
followed by T3 and T2 as compared with T1 at puberty and conception periods. Heifers in T4 and T3 showed
decrease (P<0.05) in creatinine concentration at puberty and conception than those in T1 and T2. Liver enzymes
(AST and ALT) were lower (P<0.05) in T4 at puberty and conception than the control group. Blood AST and
ALT were moderated in T2 and T3 at puberty and conception periods. At puberty, heifers in T4 showed the
heavy LBW (P<0.05) followed by T3 then T2 and T1. At conception the higher LBW (P<0.05) was recorded in
T2-T4 as compared with T1. Heifers in T4 had the early time (P<0.05) to shown puberty followed by T3 and T2
compared to T1. Also, heifers in T4 were concept at early time (P<0.05) than T1. In conclusion, feeding
Friesian female calves on diet supplemented with 150ml propylene glycol plus 165 ml calcium propionate
/head/twice a week can improve blood biochemical at puberty and conception periods with increase heifers live
body weight and it achieved early time to puberty and conception.

This study was conducted to evaluate the effect of daily oral administration of Friesian dairy heifers

Keywords: Heifers, propylene-glycol, calcium-propionate, blood and body weight.
INTRODUCTION

The body weight of dairy heifers is a major factor in assigned the time of puberty occur, which is usually
attain when they achieve about 55-60% of their mature body weight (Moriel et al., 2017), while, the puberty
age can be delayed than 24 months.

In heifers, age at puberty onset is a major indicator for their reproductive efficiency (Perry, 2016).
Heifers that have reached early puberty (<10 months) can breed at less cost than those with later puberty
(Wehrman et al., 1996). The delayed of puberty age is a problem not related only to the genetic potential of
the breed, but also it affected by the environmental conditions, particularly feeding level (Menéndez, 1984).
Also, the precocious puberty enhanced the lifetime of production (Lesmeister et al., 1973) by allows the
heifer to have more estrous cycles and increase the conception rate from first-service (Buskirk et al., 1995),
and subsequently reduce the interval to pregnancy (Bagley, 1993).

The basic information about Friesian cattle as exotic breeds in Egypt indicated that to reach the optimum
reproductive performance it needs good nutrition plan and management which led to improve the
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reproductive measures like; age at first calving, number of services per conception and breeding efficiency
(Hammoud et al., 2010). The previous studies indicated that, under the subtropical-semiarid condition, the
Friesian heifers achieved first service at 547 d of age while, it being pregnant at 573 d of age (Shanty, 1998).

The level of energy in ration of replacement heifers had significant effect on the time of puberty which
can identified in Friesian cattle when heifers achieve about 65% of their mature body weight at breeding
season (Holmes et al., 2002). In this respect, the period longtime from weaning to puberty depend on the
average of daily gain, thus it is possible to fed replacement heifers on high nutrition level to increase their
body weight to attain puberty at early age (Costigan et al., 2022).

Feed additives can improves gut health of the animals, increases the digestion rate and improve animal
growth performance (Frizzo et al., 2010; Kawakami et al., 2010; Frizzo et al., 2011). The replacement
heifers breeding season can start when it achieve a rate of 60 to 65% of mature body weight (Endecott et al.,
2013). Heifers in the first breeding season modify their metabolism by increasing feed intake to confront
pregnancy and lactation physiological stresses (Rollin et al., 2010). The nutrition plan had perceptible effect
on shorten the interval to puberty of dairy cattle (Macdonald et al., 2005). Generally, the energy balance
(EB) is important beside nutrient feed intake because it is the principal nutritional factor that regulates the
development of reproductive system (I’ Anson et al., 1991; Wade et al., 1996).

The fertility in dairy cattle was affected by the numbers of estrus cycles that occur between calving and
fertile insemination (Thatcher and Wilcox, 1973). So, it is important to start the normal ovulatory cycle early
as possible, which is related to the occurrence of energy balance (EB). Beam and Butler (1997) reported that
only 24% of matured follicles during the EB nadir had ability to ovulate, while, 75% of ovulated follicles
were maturated after the EB nadir.

The pre-partum period had obviously effect on dairy cattle health and the subsequent production and
reproduction performance because animals expose to rapid metabolic and physiological changes (Tanaka et
al., 2011), which motivate animals to response via different physiological acts. The main act is acute phase
response as nonspecific immune system element then a wide range of proteins will produce in the liver,
including serum amyloid A (SAA) and Hp (Jonsson et al., 2013 and Tothova et al., 2014).

The propionate compounds is one of the most valuable extra energy sources of supplementation, it is the
major glucose precursor in ruminants and it act as anti-ketogenic (Drackley 1999). Propionate is important
for the synthesis of glucose in the liver, it act as metabolic mediator of ruminants nutritional status, and it
reduces during the transition period due to the reduction in dry matter intake (DeFrain et al., 2005). It is
clear to note that, the animal performance improves when ruminal propionate production increase by feeding
high-concentrate diets or feed additives contain propionate (e.g. Propylene glycol and Calcium propionate).
In dairy cows, propylene glycol (PG) used to prevent negative energy balance at per-partum period
(Rukkwamsuk et al., 2005).

Recently, PG is commonly use in dairy heifers to induce an optimization in metabolic parameters
(Juchem et al, 2004), also, it had a beneficial effect on glucose and fat homeostasis with differ effects for
breed, physiological state or feeding conditions (Nielsen and Ingvartsen 2004) in dairy cattle.

Therefore, the objectives of the present experiment was assessing the impact of supplementing PG, CP or
their combination as a source of energy to Friesian heifers during puberty on reproductive performance and
some metabolic parameters.

MATERIALS AND METHODS

The experimental work of this study conducted at the Animal Production Research Institute (APRI),
Egypt, in cooperation with Department of Animal Production, Faculty of Agriculture, Tanta University.

Animals and experimental design:

A total of 24 healthy Friesian female calves with 13.53+0.30 months of age and 209.04+9.23 kg LBW
were divided randomly into four experimental groups according to age and body weight (6 in each). The first
group as control, animals received a basal diet and drenched 3 liters of saline solution (NaCl 0.9%) without
any treatment (T1). Animals in T2, T3, and T4 were received the basal diet with daily oral-dose of 300ml
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propylene glycol (PG) , 335g calcium propionate (CP), or 150ml PG +165g CP dissolved in 3 liters of (NaCl
0.9%) head/ twice a week, respectively as descripted by Gavana and Motorga (2009). All experimental
Friesian heifers were kept under the same housing system (individually in semi-open sheds), environment
and management conditions.

Feeding system:

The experimental animals in all groups were received their diet individually, which containing
concentrate feed mixture (CFM), berseem hay (BH) and rice straw (RS) according to APRI for Friesian
heifers requirements. Feeds were offered at 7 a.m. and 4 p.m., while drinking water was offered all day time.
The ingredients and chemical analysis of different feedstuffs are presented in Table (1).

Table (1): Chemical analysis of CFM, BH an RS in the basal ration of the experimental animals.

Chemical analysis (%, on DM basis)

Item DM

oM CP EE CF NFE Ash
Concentrate feed mixture 91.50 88.74 15.85 4.70 13.66 5453  11.26
Rice straw 92.30 79.63 3.47 1.41 35.10 39.65 20.37
Berseem hay 89.00 85.96 15.96 2.92 28.2 38.88 14.04

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

Concentration of blood biochemical:

Monthly blood samples were collected (throughout the experimental period of 8 months) from all
Friesian female calves by jugular vein puncture in heparinized test tubes and centrifuged at 4000 rpm/ 15
minutes for plasma separation, then it was stored at -20 °C until performing of biochemical analysis. Using
spectrophotometer and commercial Kits the plasma samples were analyzed photometrically to determine the
concentration of total protein, TP (Tietz, 1990), and its fractions (albumin; Al according to Tietz, 1994,
while globulin; GL was computed by subtracting concentration of albumin from total protein). The glucose
(Glu) was determined as descripted by Trinder (1969). Total cholesterol (TC), triglycerides (TG) and total
lipids (TL) were assessments according to Richmond, 1973, Mc Gowan et al., 1983, and ZélIner and Kirsch
(1962). The concentrations of urea nitrogen (UN) and creatinine, (Cr) were determined according to Tietz,
(1990) and Bartles et al. (1972). The liver function was evaluated by measures both ALT and AST enzymes
according to Reitman and Frankel (1957).

Live body weight and age at different stages of heifer life:

Animals were weighed monthly throughout the experimental period (13-23 months of age). Thereafter,
calves live body weight and age were recorded at the beginning of experimental period (pre-puberty), at
puberty, and at conception.

Statistical analysis:

At all experimental intervals, data were statistically analyzed using SPSS analysis program (SPSS, 2010)
by one way ANOVA design. Duncan Multiple Range Test (Duncan, 1955) was used for detecting the
significant differences at P<0.05.

RESULTS AND DISCUSSION

Blood biochemical parameters:

The concentrations of total proteins and its fraction in Friesian female calves blood at pre-puberty, at
puberty and at conception periods were presented in Table (2). Total proteins (TP), albumin (AL), globulin
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(GL) and glucose (Glu) were significantly increased (P<0.05) by the combination treatment of PG and CP
than the remained groups (Table 2).

Data in Table (2) showed significant (P<0.05) increase in TP at puberty and conception periods in T4 as
compared by T1, while T2 and T3 showed the moderated values at both periods. The concentration of AL in
T4 showed the highest levels at the conception period only.

Plasma GL in T4 showed the same trend of TP in Friesian heifers, being the highest significantly
(P<0.05) level at puberty and conception periods as compared to control (T1) while, T2 and T3 showed the
moderate level (Table, 2).

Results in Table (2) showed that the concentration of blood plasma Glu was not affected by different
treatments at pre-puberty, while it being high significantly (P<0.05) in T4 at the other periods (puberty and
conception). The concentration of Glu did not affected significantly by T1, T2 and T3 treatments.

Table (2): Concentrations (M£SE) of total proteins, albumin, globulin and glucose in blood plasma of
Friesian heifers at different treatment periods.

Treatment group

Item
T1 T2 T3 T4
Total protein:
Pre-Puberty 5.50+0.20 5.57+0.26 5.58+0.18 5.68+0.18
At puberty 6.06+0.26° 7.12+0.49% 7.04+0.36% 8.02+0.462
At conception 6.22+0.19¢ 7.42+0.35° 7.18+0.27° 8.58+0.242
Albumin:
Pre-Puberty 2.86+0.13 2.91+0.04 2.89+0.19 2.93+0.08
At puberty 3.08+0.23 3.16+0.33 3.17+0.38 3.59+0.22
At conception 2.80+0.14° 3.22+0.09° 3.23+0.15° 3.88+0.25°
Globulin:
Pre-Puberty 2.64+0.19 2.6610.24 2.68+0.21 2.75+0.21
At puberty 2.97+0.46° 3.95+0.44%® 3.86+0.36% 4.43+0.292
At conception 3.41+0.30° 4.20+0.37% 3.95+0.36% 4.70+0.212
Glucose:
Pre-Puberty 54.69+1.47 54.92+1.13 54.98+1.97 54.94+1.98
At puberty 55.44+1.74° 60.94+2.04° 59.65+2.16° 66.54+2.66%
At conception 59.35+1.93° 65.54+1.58° 64.59+1.94° 75.70+2.35%

Means in the same column for each factor with different superscripts differ significantly (P<0.05). T1= control group,
T2= propylene glycol, T3= calcium propionate, T4= Combination (PG+CP).

Lipid profile:

Data in Table (3) indicated that treatments had no significant effect on total lipids (TL) and triglycerides
(TG) concentrations at pre-puberty, while it showed the significant decrease (P<0.05) in T4 at puberty and
conception periods followed by T3 and T2 as compared to T1 (Table, 3).

Total cholesterol concentration in blood plasma of heifers was significantly decreased (P<0.05) as
affected by different treatments (T2-T4) as compared to control (T1, Table 3).
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Table (3): Concentration (M+SE) of total lipids, total cholesterol and triglycerides in Friesian heifers
blood as affected by treatments.

Treatment group

Item
Tl T2 T3 T4
Total Lipids:
Pre-Puberty 505.00+4.97 502.3345.81 502.83+7.33 501.16+45.04
At puberty 605.63+6.43% 567.72+6.42° 563.45+5.68" 510.66+6.63¢
At conception 600.47+9.29? 561.54+10.80° 560.21+9.48° 508.21+9.36°
Triglycerides:
Pre-Puberty 19.33+0.89 19.3240.77 19.3340.72 19.33+0.78
At puberty 29.11+1.482 24.98+1.25° 23.76+1.59° 18.51+1.07¢
At conception 30.22+1.022 25.08+1.19° 24.12+1.13° 19.66+0.92¢
Total Cholesterol:
Pre-Puberty 193.15+5.32 193.23+5.95 191.40+5.06 191.79+5.64
At puberty 240.03+7.95% 227.03+8.57° 225.04+7.73° 200.36+7.31°¢
At conception 246.77+9.022 230.34+8.50° 227.47+7.16° 199.36+9.08°

Means in the same column for each factor with different superscripts differ significantly (P<0.05). T1=Control group,
T2= propylene glycol, T3= calcium propionate, T4= Combination (PG+CP).

The presented results concerning the concentration of total protein (TP) as affected by propylene glycol
(PG) were in agreement with Ghaffar et al. (2018) who indicated significant increase in serum TP
concentration of buffalo heifers treated with 300 g of PG. Also, Ayoub et al. (2015) found same effect for
200 ml of PG treatment in dairy cows at postpartum period. The marked improve in blood plasma TP of
heifers in the present study as affected by calcium propionate (CP) treatment, was in harmony with Abdel-
Latif et al. (2016) and Abdelhamid et al. (2017) results who indicated similar trend in buffalo heifers treated
with CP.

Blood plasma albumin (AL) concentration as early marker of dietary protein level (Agenas et al., 2006)
in our study did not affected by PG treatment as compared with non-treated heifers, and this trend was in
line with Ayoub et al. (2015) finds in dairy cows.

The significant increase in the concentrations of blood plasma protein and its fractions which occurred in
Friesian heifers fed diet supplemented with the combination of PG and CP (T4) may be attributed with the
beneficial effects for both components in improving the forage fermentation in rumen in association with
increasing the stability of aerobic proteolysis microbe (Wen et al., 2017). In general, the utilization of
protein in rumen as affected by dietary protein could increase blood TP concentration (Adamski et al.,
2011).

The combination of PG and CP addition to heifers diet in this study, induced significant increase in the
level of blood plasma glucose which may regard to the important role for calcium propionate as a precursor
for the synthesis of glucose and it can metabolize and absorbed by animals (Zhang et al., 2020), beside CP
that produced from the starch fermentation in the rumen (Lemosquet et al., 2009). In addition, the significant
increase in blood plasma glucose in T4 may be due to the glycogenic ability of PG and CP Abdel-Latif et al.
(2016). Also, Hussein et al. (2015) cleared another reason for the increase in blood glucose by decrease
glucose demand of peripheral tissue.

On the other hand, Zhang et al. (2022) indicated that serum glucose did not affected by the calcium
propionate addition.

Kidney and liver function:

Results in Table (4) showed that the concentration of urea nitrogen in blood plasma of heifers in T4 was
the lowest value (P<0.05) compared with the other treatments at puberty and conception.
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The concentration of creatinine in blood plasma of treated heifers in T4 and T3 was decreased
significantly (P<0.05) at puberty and conception than those in T1 and T2 (Table, 4).

As present in Table (4) both liver enzymes AST and ALT did not differ significantly at pre-puberty
period, while at puberty and conception T4 showed the lowest (P<0.05) values for both enzymes than the
remain treatment groups. In this respect, data of Table (4) indicated that blood AST and ALT recorded the
moderate levels in T2 and T3 at puberty and conception periods.

The significant reduction in blood plasma TL, cholesterol and TG that associated with using PG or CP or
there combination as dietary additive in comparing with non-treated group reflect their important role in
balanced the energy status (Hussein et al., 2015 and Santos et al., 2017). The obtained results were in good
agreement with Cruz et al. (2014) results in sheep fed diet with propylene glycol inclusion.

The marked decrease in blood plasma urea nitrogen levels in heifers treated with PG or CP or their
combination was in line with Mecitoglu et al. (2017) in dairy cows and Abdel-Latif et al. (2016) in buffalo
treated with PG or CP, they indicated that the reduction in body tissue catabolism may be led to reduce the
concentration of serum blood urea nitrogen.

Creatinine concentration in heifer blood plasma in the present study either treated by PG or CP or their
combination may be affected by animal muscle mass because it correlated with the metabolism of protein
(Yadav et al., 2018). Also, Behery et al. (2020) recorded insignificant decreased in blood creatinine as
affected by PG treatment. The present data of creatinine concentration in treated heifers was in line with
Ayoub et al. (2015) results in dairy cows. In this respect, Marzocco et al. (2018) recorded insignificant
decreased in human blood serum creatinine in association with sodium propionate treatment.

Blood plasma AST and ALT could using as a specific marker for the occurrence of damage in liver cells
(Praveen et al., 2015). The treatment of Friesian heifers with PG or CP in this study induced significant
reduction in blood AST and ALT as compared to control. These results were in agreement with the finds of
Chiofalo et al. (2009) in dairy goats treated with PG and Zhang et al. (2022) in Holstein dairy cows fed diet
with 350 g/d calcium propionate. The significant decrease in blood plasma AST and ALT levels in heifers
treated by PG+CP in G4 was in agreement with Behery et al. (2020) results in Zaraibi goats.

The significant increase in heifers average body weight in dietary treatment groups included PG, CP and
their combination during the conception period was in agreement with the find of Lien et al. (2010) who
reported that, PG is a substance which used for ruminants as glucoplastic. In addition, Zhang et al. (2020)
reported that CP is a source for energy which can be hydrolyzed in rumen into Cay+ and propionic acid
which use in ketosis prevention of dairy cows.

At the puberty stage, the significant improve in body weight of Friesian heifer which was associated with
PG treatment may be attributed to its role in the regulation of animal muscles mass versus the mobilization
of adipose tissue then it decreases the liver NEFA (Nielsen and Ingvartsen, 2004 and Bjerre-Harpgth et al.,
2015). In this respect, Sun et al. (2020) indicated that feeding dairy cows suffered from energy lack on PG is
a nutritional strategy that should be implemented at the critical period of animal life. The significant increase
in heifer blood glucose in the present study indicated that PG treatment may be increase a greater energy
availability that resulted in increase animals body weight (Abeni et al., 2000).

The clear increase in body weight of heifers treated with CP in the present study conform its ability to
prevent the energy loss and the poor palatability of animal feeds, so it use in dairy cow diet which containing
silage or TMR. This trend was in agreement with Bintvihok and Kositcharoenkul (2006) who reported that
feeding broilers on diet supplemented with CP led to increase body weight, feed consumption, and
conversion. In this respect, Abdel-Latif et al. (2016) fed Egyptian buffalo heifers on diet supplemented with
CP and they found a significant increase in live body weight. Also, Zhang et al. (2017) recorded significant
improve in daily gain of Holstein male calves as affected by CP treatment. In addition, Zhang et al. (2018)
indicated significant increase in body weight of calves treated with 5% CP in milk replacer, they also
recorded that propionate can be convert to glucose in animal liver which mean increase the energy
availability that will use in increasing the growth rate and subsequently animal total body weight. Cao et al.
(2020) also indicated significant improve in calve body weight gain when treated with CP at pre- and post-
weaning periods.

The significant increase in body weight of heifers treated with the combination of PG and CP than non-
treated or either PG or CP was in agreement with Gabr et al. (2017) who fed Egyptian buffalo heifers on
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diet supplemented with PG and CP as energy source, and they found clear increase in the average of animals
live body weight.

Table (4): Concentration (M£SE) of urea nitrogen, creatinine, AST and ALT in Friesian heifers blood
as affected by treatments.

Treatment group

Item T1 T2 T3 T4
Urea nitrogen:
Pre-Puberty 18.34+0.65 18.15+0.89 18.09+0.92 18.30+0.76
At puberty 17.34+0.612 11.11+0.52° 9.38+0.45° 7.28+0.48°
At conception 16.94+0.682 8.10+0.56° 7.260.48° 5.33+0.41°
Creatinine:
Pre-Puberty 1.35+0.06 1.26+0.07 1.27+0.08 1.25+0.07
At puberty 1.29+0.122 1.14+0.13¢2 1.00+0.12° 0.74+0.11°
At conception 1.26+0.142 1.04+0.122 0.80+0.10° 0.55+0.09°
AST:
Pre-Puberty 48.71+1.34 50.17+£1.28 49.03+1.45 49.82+1.41
At puberty 48.34+£1.072 41.26+1.28b 39.26+1.73b 33.67+1.42°¢
At conception 47.92+1.892 38.53+1.86° 36.72+1.55P 29.87+1.76°
ALT:
Pre-Puberty 21.12+1.15 20.37+£0.88 20.44+1.00 20.31+£1.04
At puberty 21.03+£1.18¢% 15.18+0.97" 16.42+1.01° 12.44+0.81°
At conception 20.68+0.962 14.89+0.95° 16.01+0.93° 10.85+0.76°

Means in the same column for each factor with different superscripts differ significantly (P<0.05). T1= Control group,
T2= propylene glycol, T3= calcium propionate, T4= Combination (PG+CP).

Live body weight and age at different treatment periods:

As present in Table (5) the LBW of Friesian heifers did not affected at pre-puberty period by different
treatment groups. At puberty, heifers in T4 showed the heavy LBW (P<0.05) followed by T3 then T2 and
finally T1 (control). Data cleared that, at conception period the higher LBW (P<0.05) was recorded in
different treatment groups as compared with non-treated group (control; T1).

Data in Table (5) showed that Friesian heifers had the same age at pre-puberty period with average of 13
month. The heifers in T4 had the early time (P<0.05) to shown puberty followed by T3 and T2, while those
in T1 showed the late time. In this respect, heifers in T4 were concept early (P<0.05) than T1.

Table (5): Live body weight and age of Friesian heifers at pre-puberty, puberty and conception
periods as affected by treatments.

Treatment group

ltem T1 T2 T3 T4

Live body weight (kg):
Pre-Puberty 209.83+7.62 208.33+6.82 208.83+6.93 209.16+6.25
At puberty 262.16+9.26°  290.17+#9.20>  291.337.35"  318.008.09?

At conception 358.00+10.69°  377.83+10.75° 378.33+9.88? 380.16+9.64°

Age (month):

Pre-Puberty 13.13+0.58 13.18+0.56 13.16+0.55 13.15+0.56
At puberty 20.51+1.352 17.07+1.05° 16.99+0.84° 16.08+0.95°
At conception 25.95+1.15% 20.40+1.07% 20.37+1.02% 17.28+0.70°

Means in the same column for each factor with different superscripts differ significantly (P<0.05). T1= Control group,
T2= propylene glycol, T3= calcium propionate, T4= Combination (PG+CP).
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CONCLUSION

Feeding Friesian female calves on diet supplemented with 150ml propylene glycol plus 165 ml calcium
propionate /head/twice a week had a greater improve on blood total proteins, albumin, globulin and glucose
at puberty and conception periods, while total cholesterol, total lipids, triglycerides, urea nitrogen, creatinine,
AST and ALT enzymes were reduced significantly and at puberty (1% service) and conception periods,
heifers had the heavy live body weight with early time to shown puberty and conception.

REFERENCES

Abdelhamid, A.M.; Ebraheam, S.E.A.; Rehab F.S.A. Ismael and El-Meligy, M.S.M.M. (2017). Effect of
propylene glycol and calcium propionate on some morphometric, productive, reproductive and metabolic
parameters in drenching Egyptian water-buffalo heifers. Int. J. Curr. Res. Biosci. Plant Biol., 4(12): 35-
59.

Abdel-Latif M.A.; ElI-Gohary, E.S.; Gabr, A.A.; El-Hawary, A.F.; Ahmed, S.A.; Ebrahim, S.A.; Fathala,
M.M. (2016). Impact of supplementing propylene glycol and calcium propionate to primiparous buffalo
cows during the late gestation and early lactation period on reproductive performance and metabolic
parameters. Alex. J. Vet. Sci., 51: 114-121.

Abeni, F.; Calamari, L.; Stefanini, L. and Pirlo, G. (2000). Effects of daily gain in pre- and postpubertal
replacement dairy heifers on body condition score, body size, metabolic profile, and future milk
production. J. Dairy Sci. 83: 1468-1478. https://doi.org/10.3168/jds.S0022-0302(00)75019-3.

Adamski, M.; Robert, K.; Gustav, C. and Daniel, F. (2011). Influence of propylene glycol and glycerine in
Simmental cows in periparturient period on milk yield and metabolic changes. Archiv fur Tierzucht. 54
(3): 238-248.

Agenas, S.; Heath, M.F.; Nixon, R.M.; Wilkinson, J.M. and Phillips, C.J.C. (2006). Indicators of under
nutrition in cattle. Animal Welfare. 15(2): 149-160.

Ayoub, A.G.M.; Magda, M.M.S. and Shorbagi, A.l.E. (2015). Effect of propylene glycol supplementation to
feed of dairy cows on some biochemical measurements. Egypt Journal of Chemical Environment Health.
1(1): 899-913.

Bagley, C. P. (1993). Nutritional management of replacement beef heifers: a review. J. Anim. Sci. 71:3155-
3163.
Bartles, H.; Bohmer, M. and Heirli, C. (1972): Clin. Chem., Acta 37:193.

Beam, S.W. and Butler, W.R. (1997). Energy balance and ovarian follicle development prior to the first
ovulation postpartum in dairy cows receiving three levels of dietary fat. Biol. Reprod. 56: 133-142.

Behery, H.R.; Al-Mowafy, A.A.; EI- Nahhrawy, M.M.; Desoky, A.L.l.; Khalifa, E.l. and Noha, T.H. Tag
Eldin. (2020). A field trial on the effect of propylene glycol on dairy nanny goats welfare during critical
transition stages. Egyptian J. Nutrition and Feeds, 23 (1): 23-36

Bintvihok, A. and Kositcharoenkul, S. (2006). Effect of dietary calcium propionate on performance, hepatic
enzyme activities and aflatoxin residues in broilers fed a diet containing low levels of aflatoxin B1.
Toxicon. 47: 41-46.

Bjerre-Harpgth, V.; Storm, A.C.; Eslamizad, M.; Kuhla, B. and Larsen, M. (2015). Effect of propylene
glycol on adipose tissue mobilization in postpartum over-conditioned Holstein cows. J. Dairy Sci. 98:
8581-8596.

Buskirk, D.D.; Faulkner, D.B. and Ireland, F.A. (1995). Increased postweaning gain of beef heifers enhances
fertility and milk production. J. Anim. Sci. 73: 937-946.

176


https://doi.org/10.3168/jds.S0022-0302(00)75019-3

Egyptian J. Nutrition and Feeds (2022)

Cao, N.; Wu, H.; Zhang, X.Z.; Meng, Q.X. and Zhou, Z.M. (2020). Calcium propionate supplementation
alters the ruminal bacterial and archaeal communities in pre and post-weaning calves. J. Dairy Sci. 103:
3204-3218.

Chiofalo, V.; D’ Aquino, S.; Scinardo Tenghi, E.; Sanzarello, L.; Chiofalo, B.; Piccitto, F.; Cavallaro, M. and
Liotta, L. (2009). Effect of peripartal propylene glycol supplementation on some biochemical parameters
in dairy goats. Tropical and Subtropical Agroecosystems, 11: 215-217.

Costigan, H.; Delaby, L.; Walsh, S.; Fitzgerald, R. and Kennedy, E. (2022). The effect of weaning age and
post-weaning feeding regime on growth and fertility of pasture-based Holstein-Friesian and Jersey dairy
heifers. Livestock Science, (256): 104812. https://doi.org/10.1016/j.livsci.2021.104812.

Cruz, W.F.G.; Macedo Junior G.L.; Andrade M.E.B.; Shultz E.B.; Rodrigues V.J.C. and Silva S.P. (2014).
Consumo, digestibilidade e parametros fisiologicos de ovelhas suplementadas com niveis crescentes de
propilenoglicol na agua. Veterinaria Noticias. 20 (1): 19-27.

DeFrain, J.M.; Hippen, A.R.; Kalscheur, K.F. and Patton, R.S. (2005). Effects of feeding propionate and
calcium salts of long-chain fatty acids on transition dairy cow performance. J Dairy Sci. 88: 983-993.

Drackley, J.K. (1999). Biology of dairy cows during the transition period: The final frontier? J. Dairy Sci.
82: 2259-2273.

Duncan, D.B. (1955). Multiple ranges and multiple F test. Biometrics, 11, 1-42.

Endecott, R.L.; Funston, R.N.; Mulliniks, J.T. and Roberts, A.J. (2013). Implications of beef heifer
development systems and lifetime productivity. J. Anim. Sci. 91: 1329-1335.

Frizzo, L.S.; Soto, L.P.; Bertozzi, E.; Zbrun, M.V.; Signorini, M.L.; Sequeira, G.R.; Rodriguez, A. and
Rosmini M.R. (2011). Intestinal populations of Lactobacilli and coliforms after in vivo Salmonella
Dublin challenge and their relationship with microbial translocation in calves supplemented with lactic
acid bacteria and lactose. Anim. Feed Sci. Technol. 170 (1): 12-20.

Frizzo, L.S.; Soto, L.P.; Zbrun, M.V.; Bertozzi, E.; Sequeira, G.; Armesto, R. R. and Rosmini M.R. (2010).
Lactic acid bacteria to improve growth performance in youn.g calves fed milk replacer and spray-dried
whey powder. Anim. Feed Sci. Technol. 157 (3): 159-167.

Gabr, A.AA.; Ebrahim, S.A.; El-Hawary, A.F.A.; Fathala, M.M.; EL-Gohary, E.S.H.; Ahmed, S.E.M. and
Abdel-Latif, M.A. (2017). Upgrading milk productivity of primiparous buffaloes using glycogenic
precursors; implications on milk production and blood biochemical parameters. Zagazig Veterinary
Journal. 45(2): 92-103,

Gavana, C. and Motorga, V. (2009). The effect of oral administration of propylene glycol and calcium
propionate in dairy cows. Lucraristiintifice Zootehniesi Biotehnologii Timisoara. 42 (2): 255-260.

Ghaffar, A.; Jamil, H.; Zubair, M.; Farooq M.; Murtaza, A. and Ullah, Q. (2018). Effect of Dietary
Supplementation with Propylene Glycol on Blood Metabolites and Hormones of Nili-Ravi Buffalo
Heifers. Proceedings of the Pakistan Academy of Sciences: Pakistan Academy of Sciences, B. Life and
Environmental Sciences, 55 (3): 55-59. ISSN: 2518-4261 (print), ISSN 2518-427X (online).

Hammoud, M.H.; El-Zarkouny, S.Z. and Oudah, E.Z.M. (2010). Effect of sire, age at first calving, season
and year of calving and parity on reproductive performance of Friesian cows under semiarid conditions
in Egypt. Archiva Zootechnica. 13 (1): 60-82.

Holmes, C.W.; Brookes, I.M.; Garrick, D.J.; Mackenzie, D.D.S.; Parkinson, T.J. and Wilson G.F. (2002).
Feeding and management of heifer replacements. Pages 119-128 in Milk Production From Pasture.
Massey University Press, Palmerston North, New Zealand.

Hussein, H.A.; Abdel-Raheem, S.M.; Abd-Allah, M. and Senosy, W. (2015). Effects of propylene glycol on
the metabolic status and milk production of dairy buffaloes. Tierérztliche Praxis Grofitiere. 43 (G): 1-10.

I’ Anson, H.; Foster, D.L.; Foxcroft, G.R. and Booth, P.J. (1991). Nutrition and reproduction. Oxford Review
Reprod. Biol. 13: 239-311.

Jonsson, N.N.; Fortes, M.R.S.; Piper, E.K.; Vankan, D.M.; De Cisneros, J.P.J. and Wittek, T. (2013).
Comparison of metabolic, hematological, and peripheral blood leukocyte cytokine profiles of dairy cows
and heifers during the per-parturient period. Journal of Dairy Science. 96: 2283-2292.



El-Nagar et al.

Juchem, S.0.; Santos, F.A.P.; Imaizumi, H.; Pires, A.V. and Barnabee, C. (2004). Production and blood
parameters of Holstein cows treated pre-partum with sodium monensin or propylene glycol. J. Dairy Sci.
87: 680-689.

Kawakami, S. I.; Yamada, T.; Nakanishi, N. and Cai, Y. (2010). Feeding of lactic acid bacteria and yeast on
growth and diarrhea of Holstein calves. J. Anim. and Vet. Advances. 9 (7): 1112-1114.

Lemosquet, S.; Raggio, G.; Lobley, G.E.; Rulquin, H.; Guinard-Flament, J. and Lapierre, H. (2009). Whole-
body glucose metabolism and mammary energetic nutrient metabolism in lactating dairy cows receiving
digestive infusions of casein and propionic acid. J. Dairy Sci., 92: 6068-6082.

Lesmeister, J.L.; Burfening, P.J. and Blackwell, R. L. (1973). Date of first calving in beef cows and
subsequent calf production. J. Anim. Sci. 36: 1-6.

Lien, T.F.; Chang, L.B.; Horng, Y.M. and Wu, C.P. (2010). Effects of propylene glycol on milk production,
serum metabolites and reproductive performance during the transition period of dairy cows. Asian-
Australian Journal Animal Science. 23 (3): 372-378.

Macdonald, K.A.; Penno, J.W.; Bryant, A.M. and Roche, J.R. (2005). Effect of Feeding Level Pre and Post-
Puberty and Body Weight at First Calving on Growth, Milk Production and Fertility in Grazing Dairy
Cows. J. Dairy Sci. 88: 3363-3375.

Marzocco, S.; Fazeli, G.; Di Micco, L; Autore, G; Adesso, S; Dal Piaz, F.; Heidland, A. and Di lorio, B.
(2018). Supplementation of short-chain fatty acid, sodium propionate, in patients on maintenance
hemodialysis: beneficial effects on inflammatory parameters and gut-derived uremic toxins, a pilot study
(plan study). J. Clin. Med. 7: 315.

Mc Gowan, M.W.; Artiss, J.D.; Strandoergh, D.R. and Zak, B. (1983). Aperoxidase-Coupled method for the
colorimetric determination of serum triglycerides. Clin. Chem. 29: 538-542.

Mecitoglu, Z.; Kasap, S.C.; Ozdiiven, M.L.; Ozder, M. and Kennerman, E. (2017). Effects of prepartum
treatment with monensin or propylene glycol mixed with concentrate on milk yield and blood NEFA and
BHBA levels in dairy cows. Turkish Journal of Veterinary and Animal Sciences. 41: 667-671.

Menéndez, A. (1984). Método simple para evaluar hembras lecheras. Rev. ACPA 3: 15-19.

Moriel, P.; Lancaster, P.; Lamb, G.C.; Vendramini, J.M.B. and Arthington, J.D. (2017). Effects of post-
weaning growth rate and puberty induction protocol on reproductive performance of Bos indicus-
influenced beef heifers. J Anim Sci. 95: 3523-3531.

Nielsen, N.I. and Ingvartsten, K.L. (2004). Propylene glycol for dairy cows: A review of the metabolism of
propylene glycol and its effects on physiological parameters, feed intake, milk production and risk of
ketosis. Anim. Feed Sci. Technol. 115: 191-213.

Perry, G.A. (2016). Factors affecting puberty in replacement beef heifers. Theriogenology. 86: 373-378.

Praveen, K.; Ravikanth, K.; Maini, S. and Reothia, A. (2015). Pregnancy toxemia treatment with polyherbal
formulation in ewes. International Journal of Therapeutic Applications. 28: 28-33.

Reitman, S. and Frankel, S. (1957). A colorimetric method for determination of serum glutamic oxaloacetic
and  glutamic  pyruvic  transaminases. = American J.  Clin.  Pathol. 28:  56-63.
https://doi.org/10.1093/ajcp/28.1.56.

Richmond, W. (1973): (NEED SUBJECT TITLE). Clin. Chem.., 19: 1350.

Rollin, E.; Berghaus, R.D.; Rapnicki, P.; Godden, S.M. and Overton, M.W. (2010). The effect of injectable
butaphosphan and cyanocobalamin on postpartumserum b Hydroxybutyrate, calcium and phosphorus
concentrations in dairy cattle. Journal of Dairy Science. 93: 978-987.

Rukkwamsuk, T.; Rungruang, S.; Choothesa, A. and Wensing, T. (2005). Effect of propylene glycol on fatty
liver development and hepatic fructose 1, 6 bisphosphatase activity in periparturient dairy cows. Livest.
Prod. Sci., 95: 95-102.

Santos, R.P.; Junior, G.L.M.; Silva, S.P.; Sousa, L.F. and Andrade, M.E.B. (2017). Inclusion of propylene
glycol in the diet of sheep and its effect on their lambs’ protein and mineral metabolites. Acta
Scientiarum. Animal Sciences. 39 (3): 297-302.

178



Egyptian J. Nutrition and Feeds (2022)

Shanty, H.A. (1998). Reproductive performance of Friesian cows under the Palestinian environmental
condition. Egyptian J. Anim. Prod. 35: 589-596.

SPSS: Copyright® SPSS Inc. (2010): Version 15.

Sun, B.F.; Cao, Y.C.; Cai, C.J.; Yu, C,; Li, S.X. and Yao, J.H. (2020). Temporal dynamics of nutrient
balance, plasma biochemical and immune traits, and liver function in transition dairy cows. J. Integr.
Agric. 19: 820-837.

Tanaka, M.; Kamiya, Y.; Suzuki, T. and Nakai, Y. (2011). Changes in oxidative status in periparturient dairy
cows in hot conditions. Animal Science Journal. 82: 320-324.

Thatcher, W.W. and Wilcox, C.J. (1973). Postpartum estrus as an indicator of reproductive status in the
dairy cow. J. Dairy Sci. 56: 608-610.

Tietz, N.W. (1990). Clinical guide to Laboratory tests. 2" Ed. Philadelphia: WB Saunders; 566.
Tietz, N.W. (1994). Fundamentals of Clinical Chemistry. 2" Ed., p 692.

Tothova, C.; Nagy, O. and Kovac, G. (2014). Acute phase proteins and their use in the diagnosis of diseases
in ruminants: a review. Veterinarni Medicina. 59(4): 163-180.

Trinder, P. (1969). Determination of blood serum glucose. Ann. Clin. Biochem. 6: 24.

Wade, G.N.; Schneider, J.E. and Li, H. Y. (1996). Control of fertility by metabolic cues. Am. J. Physiol.
270: E1-E19.

Wehrman, M.E.; Kojima, F.N.; Sanchez, T.; Mariscal, D.V. and Kinder, J.E. (1996). Incidence of precocious
puberty in developing beef heifers. J. Anim. Sci. 74: 2462-2467.

Wen, A.; Yuan, X.; Wang, J.; Desta, S.T. and Shao, T. (2017). Effects of four short-chain fatty acids or salts
on dynamics of fermentation and microbial characteristics of alfalfa silage. Animal Feed Science and
Technology. 223: 141-148.

Yadav, S.N.; Kalita, D.N.; Phukan, A.; Das, B.C.; Dutta, T.C.; Mahato, G.; Tamuly, S.; Barman, D. and
Bharali, K. (2018). A comparative therapeutic study on subclinical ketosis of goat. Journal of
Entomology and Zoology Studies. 6(3): 673-676.

Zhang, F.; Nan, X.; Wang, H.; Guo, Y. and Xiong, B. (2020). Research on the applications of calcium
propionate in dairy cows: A Review. Animals. 10 (1336): 2-13.

Zhang, F.; Zhao, Y.; Wang, Y.; Wang, H.; Guo, Y. and Xiong, B. (2022). Effects of calcium propionate on
milk performance and serum metabolome of dairy cows in early lactation. Animal Feed Science and
Technology. 283: 1-15 (115185).

Zhang, X.; Wu, X.; Chen, W.; Zhang, Y.; Jiang, Y.; Meng, Q.; Zhou, Z. (2017). Growth performance and
development of internal organ, and gastrointestinal tract of calf supplementation with calcium propionate
at various stages of growth period. PLoS ONE 12(7): e0179940.

Zhang, X.Z.; Chen, W.B.; Wu, X.; Zhang, Y.W.; Jiang, Y.M.; Meng, Q.X. and Zhou, Z.M. (2018). Calcium
propionate supplementation improves development of rumen epithelium in calves via stimulating G
protein-coupled receptors. Animal. 12: 2284-2291.

Zollner, N. and Kirsch, K. (1962). Colorimetric Method for Determination of Total Lipids. J. Experimen.
Med. 135: 545-550. https://doi.org/10.1007/BF02045455.


https://www.sciencedirect.com/journal/animal-feed-science-and-technology
https://www.sciencedirect.com/journal/animal-feed-science-and-technology
https://www.sciencedirect.com/journal/animal-feed-science-and-technology/vol/223/suppl/C
https://www.researchgate.net/profile/Zhenming-Zhou?_sg%5B0%5D=vI9WcKAmfAw91WXgjkW0aLLGtqJUPW2QOKxLD9_Ew0eN5qDNm1LJJZDJIRSObTRcYJyQUzI.XuIA10UdGK4942sCSANTOLxS4tQNswT_tNuVNd7odOEOifkfdYM0EyXYjRFAEA7_W14hr5bD8g5gfTUYVm8O7Q&_sg%5B1%5D=RIhT-QChtMw9jou4RL3_cfEz12CeKwJtDvaDiTl7hvI1SA3LaX_hOsn0TDOsOac3M3p8aWQ.nx8ZnLFxzfbustEh1yCDMWrUk9JLW2Ge21i0I7kp3eeQI8N7ePCECUaaC2GVY2hINqq-960NismEdQj1t_6JGw
https://doi.org/10.1007/BF02045455

El-Nagar et al.

AUl jalas Gy Alalaall b 52 8 Jlatad) claal awall (1399 A adl) Guglia (any

2‘5,331\‘;,»,5\4,.;.\.4“,23.)&;w\;ufmﬂﬁu‘,s,smc@ﬁclju,mmqs PEVES

a5 g A S 3 S s - i gind) LY g0 s
s Lhails dnala _de | i 4l - i guad) LY avud?

Oo Ol Claal ol 55k (e Leghn Jala i o sandlSl) il g5y oSl Ol g sl Alalaall 5 ol il 5l 038 ol
Aale o Jyusll sV de ganall (8 COlaall 4305 &3 anall ()55 AbasSl) aall Gaplie o Jaall Gigaa a5l 15 e
335 5 JsSala Galus al) (e (e 300 2 Vslese 5 J s SN Al iy day) 5l 5 ZED A0 de genall Cude Loty Alalae (52 Aasall
Slo g saal/0xi o/l 5 Jala a sald\SH Clisn s 1 e e 165 + JoSila s ) (e e 150 = 5 p el s 30 (0 e
Ol s slal) a5l SN i g jall 38 55 3 (P <0.05) & i 5ol i o i) & jelal Jasd) i 4y el Al (g 15
On IS 5 il Lt (5 AY) e seadly Js 558D de sanay 45l Jaalls § shll <l 8 b dnl )l de senall (35S slall
Ansl )l Ao senall (& (ALT 5 AST) ey 3391 Il s Cpm 5 5 Lo il ST ¢ ASI s s oI GASSEN ) saall Al ¢ saall
& SOlaall el ¢ Ll die Jesdls £ sl 5B A s AY) Sle seadly g SN de gene 4 )lae (P <0.05) dsine Lialisd)
ie sanall b 0lanl) el Janll ie Laiy ¢J s S3S0) Ae sanas 2 lie 4 A de sanall Lol ann 035 (e Aad I e sanal)
£l o ) Al e ganall & 0laad) cilias s S Ao ganar A jlie AU de sanall Lol pun ()5 e Al 5 dad )
AV e sanall s 5 SN Ao sanas & lie (P <0.05) Lsins | Saa g 3 Janl) (s IS

nle 165 + JsSila cplis ) (e (e 150 = pdll ok e gl Jlaind) Elae dldlae o Al 338 e gty
e mal)l 055 8300w daally g sl <y b Alaasl adl) Ganlie (e Qs @ gaasl/Oi e/l LSS o gl g

180



