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ABSTRACT: 
Milk yield and its composition are influenced 
by flow of substrates from the blood circulation 
to the mammary tissues. Body condition score 
(BCS) is an intermediate factor between the 
feed intake and the productivity status of the 
animal. Since energy intake does not keep 
pace with continuously rising milk yield, energy 
deficit in early lactation leads to a competitive 
situation among milk yield, fertility and health 
of the dairy cow as these traits are linked by 
energy requirement. The present study was 
designed to investigate the effect of body 
condition and pregnancy on milk yield and 
composition in F1 crossbred cows (Holstein-
Friesian X local cows). Fifty-eight cows (60 
days postpartum) were selected at a large 
state farm. Pregnancy status was classified as: 
NP (non-pregnant), T-1 (pregnant trimester-I), 
T-II (trimester-II) and T-III (trimester-III). Milk 
yield (MY), milk composition (MC) and BCS 
were recorded weekly. The study continued up 
to 9 months postpartum during the year, 2007-
2008. Pregnancy significantly affected the MY 
and MC (P<0.05). There was a linear increase 
in fat and protein contents with advancing 
pregnancy whereas lactose showed an 
opposite trend. NP animals had also lower milk 
yield compare to pregnant ones. BCS 
correlated negatively with MPL and animals 
with moderate BCS showed higher MPL. BCS 
affected fat and protein contents as well as 
milk yield. Milk yield was higher with moderate 
BCS while fat and protein with higher one. BCS 
correlated negatively with milk yield while 
positively with fat and protein contents. It was 
concluded that moderate BCS supported 
higher milk yield.  
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INTRODUCTION: 
Over the years, livestock sector has 

emerged as a leading sub-sector of the 
Agriculture in Pakistan. It contributed over 11 
percent to the gross domestic product (GDP) and 
52.2% of agriculture value added in addition to 
employment generation for 30- 35 million people 
in the rural areas. Livestock wealth of the 
country comprises 31.8 million cattle, 29.0 
million buffaloes, 27.1 million sheep and 56.7 
million goats (E.S. Pakistan, 2008).   

Milk is the main product of livestock 
farming placing the country at 3rd number in 
global ranking (IDF, 2008). The cattle herds 
include a variety of purebred animals such as 
Sahiwal, Red Sindhi, Tharparker, and majority 
of crossbred animals. The crossbreeding of 
cattle has been initiated in Pakistan since last 
five decades, with the influx of artificial 
insemination. According to national livestock 
policy, the local cows in plain-irrigated areas 
are crossed with exotic Holstein–Frisian breed 
while the cows in hilly and dry areas are 
crossed with Jersey breed (Rollinson, 1978). 
Out of the present cattle population, 25% are 
crossbred animals while the remaining 75% are 
local cows. All the way through crossbreeding 
of cattle in North-West Frontier Province milk 
production increased by 73 % and age at 
puberty declined by 82 % (Syed et al., 1994).  

However, under the existing artificial 
insemination practices maintenance of 50% 
exotic blood is not accomplished. This leads to 
a decreased immunity and resistance to 
stressful conditions that in turn shrunk 
productivity. Qureshi et al. (2001) reported 
reproductive and productive disorders 
associated with crossbreeding in cattle. The 
average milk yield is very low compared to 
other countries e.g. one New Zealand cow 
produces as much milk as three dairy animals in 
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Pakistan, while one American cow produces as 
much as seven cows in Pakistan (Garcia et al., 
2003) 

In addition, the unfavorable conditions are 
not only affecting the quantity of milk but also 
its quality. As milk composition is the result of 
various biological reactions, affected by feed 
intake and physiological status of animals. 
Physiological status, in turn, is affected by 
environmental parameters modulated through 
hypothalamus and pituitary. Dobson and Smith 
(2000) reported that a variety of endocrine 
regulatory points exist whereby, stress limits the 
efficiency of reproduction. The endocrine 
evidence showed that stressors interfere with 
precise timings of reproductive hormone release 
within the follicular phase and delay the onset 
of luteinizing hormone (LH) surge. The adverse 
seasonal, nutritional and health conditions 
expose the crossbred cattle to stress which lead 
to further decrease in productivity.  

Poor availability of nutrients in amount 
and quality is the major constraint in developing 
dairy industry of Pakistan. According to Sarwar 
et al. (2002) in Pakistan the majority of nutrient 
requirements of dairy animals are met through 
feeding forages in contrast to advanced 
countries, where they are fed liberal amounts of 
grains.  

Milk composition and quality are 
important characteristics that determine the 
nutritive value and consumer acceptability. In 
Pakistan the milk production, processing and 
marketing are still in primitive stage and needs 
a lot of research and development support to 
satisfy consumer’s demand. Genetics, level of 
nutrition, parity, stage of lactation, and 
environmental factors influence milk 
composition and yield (Bath et al., 1985). 
However, evaluation of milk composition in 
relation to body condition is almost absent in 
literature in the study area. Therefore, the 
present study was designed to investigate the 
effect of body condition score on various 
physiological states and management on milk 
composition in crossbred cattle.  

MATERIAL AND METHODS: 
Selection and Management of Animals: 

The present study was conducted at 
Peshawar, in the central valley of the NWFP of 
Pakistan, which is located at the latitude of 31-
37° north and longitude of 65-74° east. A total 
of 58 F1 crossbred cows (HF and local cows) 
within 60 days after parturition were selected 
from a large state farm.  

These animals were maintained under 
uniform management conditions in well 
ventilated sheds. The animals were stall-fed 
and chopped fodders were provided at 1000 
and 1400 hrs. Concentrate ingredients (wheat 
bran, cotton seed cake and whole crop maize) 
were mixed with spade and were offered at 
milking time. Water shower was made available 

to all animals during the hot season twice a day 
at the farm. Animal sheds were washed twice 
daily at morning and evening. The cows were 
hand milked two times per day at 0400 and 
1600 hrs. Before milking, udder was washed by 
using warm water and dried with damp cloth. 

During the experimental period all the 
animals were confined in the shed and were 
only taken out for water 3 to 4 times to an 
adjacent tank. The pregnancy status was 
defined as: NP (non pregnant), T-1 (first 
trimester; 1 to 3 months pregnant), T-II (second 
trimester, 4 to 6 months pregnant) and T-III 
(third trimester, >6 months pregnant). The study 
continued from November 2007 to May 2008.  
Feeding regime: 

The green fodders Egyptian clover (EC) 
and whole crop maize (WCM) were fed ad 
libitum and concentrates mixture (cotton seed 
cake, maize oil cake and wheat bran) was 
offered at a scale 1 kg per 3 kg milk production 
as per routine practices at the farm. In addition, 
wheat straw at a scale of 2.27 kg per head per 
day was fed along with concentrate mixture. All 
the experimental animals were kept under 
uniform management conditions.  

Body Condition Score (BCS):   
The BCS of all cows was recorded 

weekly, using the method described by Peters 
and Ball (1987). According to this method the 
thickness of fat over the lumber and tail head 
area was estimated and was assigned a score 
from 0 (very weak) to 5 (very fat). The BCS was 
categorized as: 0, spine very prominent and 
transverse vertebral processes feel sharp with 
no fat cover; 1, spine prominent and transverse 
process feel sharp with little fat cover; 2, 
transverse processes can be felt but are 
rounded with a thin covering of fat; 3, individual 
transverse vertebral processes can only be felt 
by firm pressure; 4, the transverse processes 
cannot be felt; and 5, the transverse processes 
covered with a thick layer of fat.  

Milk yield (MY), Sampling and Analysis: 
The MY (kg/day) and milk composition 

(MC) were recorded once a week for up to 28 
weeks period. Samples (200 ml from pooled 
milk of individual cow) in bottles were 
transported in an icebox to dairy production 
laboratory.   

The fat, protein and lactose contents were 
determined using ultrasonic milk analyzer 
(model Ekomilk Total Ultrasonic Milk Analyzer, 
Bullteh 2000, Stara Zarqora, Bulgharia) 
according to manufacturer’s instructions. 
Milk Progesterone Assay: 

The milk samples were collected at 
weekly interval. Fat layer was removed and 100 
μl of 0.1% sodium azide was added to 5 ml of 
milk sample, as a preservative. The samples 
were then stored at -20°C till analysis for 
progesterone assay. A ‘MicroLISA 
Progesterone’ Enzyme immunoassay kit 
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(AMGEnix International. Inc, USA) was used for 
the quantitative determination of progesterone 
concentration in milk. Milk progesterone was 
determined through ELISA as described by 
Qureshi et al. (1992). The intra- and inter-assay 
coefficients of variation were 3.54% and 9.21%, 
respectively. The sensitivity (detection limit) of 
the assay was 0.09 ng/ml. 

Statistical Analysis: 
The data obtained were subjected to 

analysis of variance using general linear model 
(GLM) of SPSS-10 (1999). Means for four 
pregnancy groups (NP, T-1, T-II and T-III) were 
subsequently ranked using Duncan’s Multiple 
Range Test (DMRT) as described by Steel and 
Torrie (1980). Correlation analysis was performed 
to determine relationship of BCS with milk yield, fat 
%, protein % and lactose %. Differences between 
means for two fodder types were worked out using 
independent sample T-test. Means and standard 
deviations were recorded for the groups and 
probability was reported as significant and non-
significant at 5% level.  

RESULTS: 
Pregnancy and Milk Progesterone Level: 

Pregnancy significantly affected the MY, 
as well as the MC (Table 1). The MY was higher 
in the T-I, followed by T-II then in NP animals 
and lowest yield was observed in T-III (11.29 ± 
4.15, 8.15± 3.10, 7.95 ± 3.27, and 4.99 ±1.77 
kg/day, respectively). It was evident from the 
data that there is a linear increase in fat and 
protein contents with advancing pregnancy 
while lactose showed an opposite trend. 
Similarly, fat and protein was highest in the 
pregnant animals and lowest in the NP ones. 
Table 1 Mean and standard deviation for milk composition 

and yield as influenced by pregnancy and body 
condition in crossbred dairy cows (n=1624). 

 Fat 
% 

Protein 
% 

Lactose 
% 

Milk Yield
(kg/d) 

Progesterone
(ng/ml) 

Pregnancy 
NP 

(Non-
pregnant) 

4.65c 

± 1.24 
3.00b 
± 0.49 

4.07a 
± 0.29 

7.95b 
± 3.27 

7.46 b 
± 5.03 

T-I 
(1st 

trimester) 

4.32d 
±1.14 

2.83c 
± 0.49 

4.06a 
± 0.23 

11.29 a 
±4.15 

8.21b 
± 5.22 

T-II 
(2nd 

trimester) 

4.99b 

± 1.17 
3.06b 
± 0.52 

4.00b 
± 0.14 

8.15b 
±3.10 

8.87 ab 
± 6.12 

T-III 
(3rd 

trimester) 

5.28a 

± 0.98 
3.19 a 
± 0.35 

3.99b 
± 0.18 

4.99c 
±1.77 

10.00 a 
± 4.66 

P- value P < 
0.05 

P < 
0.05 P < 0.05 P < 0.05 NS 

BCS1 

2.5 5.23 
± 1.65 

3.09 
± 0.54 

4.11±0.
52 

9.77 
± 4.59 

13.19 
± 9.0 

3.5 4.78 
±1.17 

2.94 
±0.52 

4.04±0.
40 

9.63 
±4.36 

8.91 
± 5.32 

P-value P< 0.05 NS P<0.05 NS P<0.05 

BCS1, body condition score; a, b, c mean in the same column 
within a group having different superscripts are significantly 
different; NS, Non-Significant.  

Protein correlated significantly and positively 
while yield negatively with milk progesterone levels 
(Table 2). Milk progesterone levels (MPL) were 
negatively correlated with body condition. 
Progesterone concentration increased with 
advancing pregnancy. The reason for high level of 
progesterone during pregnancy in open animals 
may be due to the longer luteal phases and normal 
cyclic status of these animals. 

Table 2. Relationship among various parameters in 
crossbred dairy cattle (Pearson’s correlation 
coefficient, n=1624).  

 BCS Fat  
% 

Protein 
% 

Lactose 
% 

Milk yield 
(kg/d) 

Fat (%) -0.142**     
Protein (%) -0.113** 0.243**    
Lactose (%) -0.071** 0.059** -0.051*   
Milk Yield 
(kg/d) -0.014 ns 0.025 ns -0.097** 0.023 ns  

Progesterone
(kg/d) 

-0.275** 

 
0.065 ns

 
0.113** 

 
0.148 ns 

 
-0.144** 

 
** P< 0.01; ns; Non-Significant difference 

Body Condition Score: 
The BCS significantly affected the fat and 

protein contents, as well as milk yield (Table 1). 
The milk yield was higher with moderate BCS than 
with higher BCS. In addition, BCS correlated 
positively with fat and protein contents while 
negatively with milk yield (Table 2 and Figs 1&2). 
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Fig. 1. Changes in body condition score (BCS, ▲) and 
MY (milk yield, kg/d, ■) with occurrence and 
advancement of pregnancy in crossbred cattle. 
Pregnancy was defined as: NP (non pregnant), T-1 (first 
trimester; 1 to 3 months pregnant), T-II (second 
trimester, 4 to 6 months pregnant) and T-III (third 
trimester, 7 to 9 months pregnant). 
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Fig. 2. Changes in fat % (▬), protein % (▲) and 
lactose % (■) with occurrence and advancement of 
pregnancy in crossbred cattle. Pregnancy was 
defined as: NP (non pregnant), T-1 (first trimester; 1 
to 3 months pregnant), T-II (second trimester, 4 to 6 
months pregnant) and T-III (third trimester, 7 to 9 
months pregnant). 
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DISCUSSION: 
Effect of Pregnancy:  

In this study pregnancy and MPL 
affected both the MY and MC. Milk requires 
various substrates for its synthesis and with 
the advancement of pregnancy to the third 
trimester more nutrient substrates are 
diverted towards development of fetus, 
placenta and fluids. Pregnancy requirements 
are given higher priority over milk synthesis; 
leaving litt le substrates for the later. Our 
concurrent study (Shah et al., 2009) reported 
that the increasing ferti l ity status in dairy 
animals was associated with an increase in 
blood glucose levels from 6.0 to 9.5 mg/dl in 
dairy animals; while the milk lactose level 
decreased from 3.9 to 3.4 % at the same time. 
Interaction of pregnancy with milk composition 
was investigated by Shah et al. (2009) in 
dairy buffaloes. They found a significant 
effect (P<0.05) of pregnancy and weeks post-
conception (PC) on milk yield, solids not fat 
(SNF), milk protein and lactose (%). Bartlett 
(1934) reported an increase in milk 
constituent percent between the 4th and 5th 
month of gestation accompanied with the 
characteristics decline in milk yield.  

Mather et al. (1969) and Wilcox et al. 
(1959) showed pregnancy effects  on fat, 
protein and SNF percentages after 4 month of 
pregnancy for mature cows and slightly later 
for heifers. Similarly, Logamthan and 
Thompson (1967) reported significant effects 
of stage of pregnancy on fat yield and SNF 
percentages, but pregnancy accounted for 
less than 0.5% of the total variance in each. 
Also, Sharma et al. (1990) reported that milk 
yield declined and constituent percentages 
increased after about 3 months of lactation.  

Earlier findings have attributed the post 
conception decline in MY of dairy cows to 
hormonal changes (Bachman et al., 1988; 

Akers, 2002). Our previous study (Khan et al., 
2008) concluded that post conception decline 
in MY become drastic when progesterone 
concentration rose above 6.44 ng/ml. 
Similarly, the decline in yield was associated 
to the increase in nutrit ive requirements of the 
fetus, especially during the third part of 
gestation (Bell et al., 1995).  In addition to the 
hormonal effect, yield losses might be due to 
the nutrit ive requirements of the fetus. The 
energy needs during pregnancy include the 
energy deposited in the conceptus, as well as 
the energy util ized in the conceptus 
metabolism and maternal tissues to support 
the conceptus (Freetly and Ferrell, 1998). 

Our results also indicate a hereditary 
linkage between ferti l ity and MY; reflected by 
coincidence of low yield with inferti l ity. It 
confirms our previous finding that ferti l ity and 
MY have genetic relationship leading to 
production of animals with higher yield and 
better ferti l ity for selective animals (Qureshi 

et al., 2007). Our later study (Qureshi and 
Ahmad, 2008) concluded that fat-corrected 
milk (FCM) was 14.50±0.20, ranging from 2 to 
35 kg/d; and was higher in estrus group; 
correlating positively with postpartum 
ovulation interval (r = 0.31, P < 0.01). BCS in 
buffaloes resuming estrus was constantly 
higher than those fail ing to resume ovarian 
cyclicity.  

Fulkerson (1984) and Moate and Harris 
(1983) also showed a positive relationship 
between milk production and reproduction in 
pasture-based systems. Pryce and Veerkamp 
(2001) concluded that about 50% of the total 
progress in MY in the UK can be ascribed to 
genetic improvement alone. Similarly, 
Hoekstra et al. (1994) showed that after 
adjustment for factors, such as proportion of 
Holstein-Friesian genes and genetic potential 
for milk yield. The improved reproductive 
performance was connected with higher milk 
yield. In addition, cows whose peak milk yield 
occurred earliest in lactation were more likely 
to have successful conceptions. 

However, an antagonistic relationship 
between milk production and several ferti l ity 
traits was observed (Hoekstra et al., 1994; 
Beam and Butler, 1999; Darwash et al., 1999; 
Royal et al., 2000). Other studies found no 
relationship between milk production and 
reproduction (Villa-Godoy et al., 1988; Raheja 
et al., 1989). It has been shown previously 
that very high MY at the beginning of lactation 
(steep lactation curve) puts a high 
physiological stress on cows, often leading to 
reproductive disorders (Madsen, 1975). 
Attaining peak MY earlier in lactation would 
indicate that positive energy balance is  being 
achieved at an earlier stage in lactation. 
Effect of Body Condition Score: 

In our study the higher BCS influenced 
MY adversely. It confirms our previous finding 
(Qureshi et al., 2007) where it was reported 
that buffalo does not produce at its own cost 
under tropical conditions, manifesting an 
earlier post conception decline in milk yield. 
The present study indicated that medium BCS 
is supporting higher MY and appropriate 
levels of reproductive hormones. It seems that 
higher BCS, inferti l ity and low milk yield are 
interlinked as well as undesirable dairy 
characteristics. Metabolism is regulated by 
genes and poor metabolic signals from such 
type of genotypes having combination of the 
three poor dairy characteristics is leading 
towards increasing body reserves instead of 
sparing nutrients for ferti l ity or milk yield. 

BCS is an animal characteristic that 
reflects feeding and management; in addition 
before calving it influenced dry matter intake. 
According to the review of Broster and Broster 
(1998) the majority of experiments have 
shown a reduction in dry matter intake (DMI) 
with the increase in BCS at calving; thorough 
use of body reserves leads to high plasma 
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non-esterified fatty acids (NEFA) levels that 
depress cows' appetite as well as DMI 
(Overton and Waldron, 2004). Cows in higher 
body condition eat less and will probably in a 
more negative energy balance compared with 
cows having lower body condition score, fed 
the same diet (Grummer et al., 2004). 

Garnsworthy (1988) suggested that the 
relationship between BCS at parturition 
(PBCS) and milk yield is inconsistent and that 
cows with higher BCS at calving generally lost 
more body condition during lactation, which 
may lower milk yield. Cows that are over 
conditioned at calving may be at risk for 
lesser yield and increased reproductive and 
health problems (Morrow, 1975; Fronk et al., 
1980; Boisclar et al., 1986; Gearhart et al., 
1990). Results from Pedron et al. (1993) 
indicated that BCS at calving was not 
essential for total milk yield, while change in 
BCS influenced peak yield and the shape of 
the lactation curve. In contrast, Waltner et al. 
(1993) suggested that PBCS and a change in 
BCS during lactation were related to total 
yield of 3.5% fat corrected milk (FCM) at 90 
day of lactation. 

Several studies have shown that 
genetically superior milk producing cows tend 
to have genetically lower BCS throughout 
lactation (Veerkamp and Brotherstone, 1997; 
Buckley et al., 2000b). Similarly, cows of 
higher genetic merit for milk production 
generally have greater BCS loss in early 
lactation than those of lower genetic merit 
(Grainger et al., 1985; Veerkamp et al., 1994; 

Buckley et al., 2000a). Also, Wildman et al. 
(1982) reported that dairy merit was 
decreased by more than 50 % as body 
condition scores increased. The over 
conditioned dairy cow is inefficient for milk 
production whether due to stage of lactation 
or solely conditioning.  

The above discussion reveals that BCS 
is an intermediate factor between the feed 
intake and the productivity status of the 
animal. The extra energy consumed by the 
animal is stored in the form of adipose 
tissues, which transmits chemical signals for 
influencing the nutrients intake, milk yield and 
composition. Under tropical conditions the 
lactating animals maintain higher body 
condition which results in lower feed intake 
and milk yield.  

CONCLUSION: 
Present study indicated that non-

pregnant animals had also lower yield 
indicating hereditary relationship of the two 
traits. BCS correlated negatively with MPL 
and animals with moderate BCS showed 
higher MPL. Milk yield and MC were better 
with moderate BCS than higher. BCS 
correlated negatively with milk fat, protein, 
lactose as well as MPL. It was concluded that 
moderate BCS support higher milk yield and 
ferti l ity in crossbred cows. Under tropical 
conditions the lactating animals maintain 
higher body condition which results in lower 
feed intake and milk yield. 

 

REFERENCES: 
Akers RM. 2002. Major advances associated with 

hormone and growth factor regulation of 
mammary growth and lactation in dairy cows. 
J. Dairy Sci., 89(4): 1222-1234. 

Bachman KC. Hayen MJ, Morse D, Wilcox CJ. 1988. 
Effect of pregnancy, milk yield, and somatic 
cell count on bovine milk fat hydrolysis. J. 
Dairy Sci., 71: 925-931.  

Bartlett  S. 1934. 76. Variations in the Solids-not-Fat 
Content of Milk. I and II. J. Dairy Res., 5: 113-
123 

Bath DL, Dickinson FN, Tucker HA, Appleman RD. 
1985. Dairy Cattle. In: "Principle, Practices, 
Problems, and Profits. (Lea and Febiger3rd 
ed.)", Washington Square, Philadelphia. 

Beam SW, Butler WR. 1999. Effects of energy 
balance on follicular development and first 
ovulation in postpartum dairy cows. J. Reprod. 
Fertil. Suppl., 54: 411- 424. 

Bell AW, Slepetis R, Ehrhardt RA. 1995. Growth and 
accretion of energy and protein in the gravid 
uterus during late pregnancy in Holstein cows. 
J. Dairy Sci., 78: 1954-1961. 

Boisclar Y, Grieve DG, Stowe JB, Allen OB, Macleod 
GK. 1986. Effect of prepartum energy, body 
condition and sodium bicarbonate on 
production of cows in early lactation. J. Dairy 
Sci. 69: 2636. 

 
 
 
Broster WH, Broster VJ. 1998. Body score of dairy 

cows. J. Dairy Res., 65: 155-173.  
Buckley F, Dillon P, Rath M, Veerkamp RF. 2000b. 

The relationship between genetic merit for 
yield and live-weight, condition score and 
energy balance of spring-calving Holstein-
Friesian dairy cows on grass-based system of 
milk production. J. Dairy Sci., 83: 1878-1886. 

Buckley F, Dillon P, Crosse S, Fynn F, Rath M. 
2000a. The performance of Holstein-Friesian 
dairy cows of high and medium genetic merit 
for milk production on grass based feeding 
systems. Livest. Prod. Sci., 64: 107-119.  

Darwash AO, Lamming GE, Woolliams JA. 1999. The 
potential for identifying heritable endocrine 
parameters associated with fertility in post-
partum dairy cows. J. Anim. Sci., 68: 333-347. 

Dobson H, Smith RF. 2000. What is stress, and how 
does it affect reproduction? Anim. Reprod. 
Sci., 60-61: 743-752. 

E.S. Pakistan. 2008. Government of Pakistan. 
Economic Survey of Pakistan Economic 
Affairs Division.  Chapter 2, Agriculture. pp: 
18 and pp: 39.   

Ekomilk. 2000. Total Ultrasonic Milk Analyzer, 
Bullteh, Stara Zarqora, Bulgharia. 

Freetly HC, Ferrell CL. 1998. Net flux of glucose, 
lactate, volatile fatty acids, and nitrogen 



Egypt. J. Exp. Biol. (Zool.), 6(1): 247 – 253 (2010) 

ISSN: 2090 - 0511          On Line ISSN: 2090 - 0503                    http://www.egyseb.org 

252

metabolites across the portal-drained viscera 
and liver of pregnant ewes. J. Anim. Sci., 76: 
3133–3145. 

Fronk TJ, Schultz LH, Hardie AR. 1980. Effect of dry 
period over conditioning on subsequent 
metabolic disorders and performance of dairy 
cows. J. Dairy Sci., 63: 1080-1090. 

Fulkerson WJ. 1984. Reproduction in dairy cattle: 
effect of age, cow condition, production level, 
calving to first service interval and the ‘male’. 
Anim. Reprod. Sci., 7: 305-314.  

Garcia O, Mahmood K, Hemme T. 2003. A review of 
milk production in Pakistan with particular 
emphasis on small scale producers. Food and 
Agriculture Organization, Animal Production 
and Health division. Pro-Poor Livestock Policy 
Initiative, PPLPI working paper. 3: 8-25.   

Garnsworthy PC. 1988. The effect of energy 
reserves at calving on performance of dairy 
cows. Nutrition and Lactation in the Dairy 
Cow. 1st ed. Butterworths, London, England. 
pp: 157. 

Gearhart MA, Curtis CR, Erb HN, Smith RD, Sniffen 
CJ, Chase LE, Cooper MD. 1990. Relationship 
of changes in condition score to cow health in 
Holsteins. J. Dairy Sci., 73: 3132-3140. 

Grainger C, Davey AWF, Holmes CW. 1985. 
Performance of Friesian cows with high and 
low breeding indexes. 1. Stall feeding and 
grazing experiments and performance during 
the whole lactation. Anim. Prod., 40: 379-388. 

Grummer RR, Mashek DG, Hayirli A. 2004. Dry 
matter intake and energy balance in the 
transition period. Vet. Clin. North Am. Food 
Anim. Pract., 20(3): 447-70 

Hoekstra J, van der Lugt AW, van der Werf JHJ, 
Ouweltjes W. 1994. Genetic and phenotypic 
parameters for milk production and fertility 
traits in upgraded dairy cattle.  Livest. Prod. 
Sci., 40(3): 225-232. 

IDF. 2008. World Dairy Situation 2008, Bulletin of the  
International Dairy Federation, 430/2008, 
Mexico city. 

Khan S, Qureshi MS, Ahmad N, Amjed M, Durrani 
FR, Younas M. 2008. Effect of pregnancy on 
Lactation Milk Value in Dairy Buffalo. Asian 
Austral. J. Anim. Sci., 21(4): 523-531. 

Logamthan S, Thompson NR. 1967. Phenotypic, 
genotypic and environmental correlations 
among milk constituents. J. Dairy Sci., 50: 
610. 

Madsen O. 1975. A comparison of some suggested 
measures of persistency of milk yield in dairy 
cows. Anim. Prod., 20: 191-197.  

Mather RE, Lal P, Oleskie ET. 1969. Heritability of 
SNF and protein percentages adjusted for fat 
percentage in three breeds. J. Dairy Sci., 52: 
279. 

Moate PJ, Harris DJ. 1983. A survey to determine 
the influence of cow condition score, calving 
to service interval, age and milk yield on cow 
fertility. Dairy Production Report. Dairy 
Research Institute, Ellinbank, Australia. pp 
106-108. 

Morrow DA. 1975. Fat cow syndrome. J. Dairy Sci., 
59: 1625. 

Overton TR, Waldron MR. 2004. Nutritional 
management of transition dairy cows: 
strategies to optimize metabolic health. J. 

Dairy Sci., 87: (E: Suppl.) E105-E119. 
Pedron 0, Cheli F, Senatore E, Baroli D, Rizzi R. 

1993. Effect of body condition score at calving 
on performance, some blood parameters, and 
milk fatty acid composition in dairy cows. J. 
Dairy Sci., 76: 2528-2535. 

Peters AR, Ball PJH. 1987. Reproduction in cattle. 
Butterworths, London. pp: 167-168. 

Pryce JE, Veerkamp RF. 2001. The incorporation of 
fertility indices in genetic improvement 
programmes. BSAS occasional meeting 
‘Fertility in high producing dairy cow’, Galway. 
BSAS publication. 26 (I): 237-249.  

Qureshi MS, Khan IH, Chaudhry RA, Khan MH, Shah 
SNH. 1992. Comparative efficiency of lactal 
palpation and milk progesterone profiles in 
diagnosing ovarian contents in buffaloes. 
Pakistan J. Agric. Res., 13: 196-200. 

Qureshi MS, Khan JM, Khan IH, Chaudhry RA, 
Ashraf K, Khan BD. 2001. Improvement in 
economic traits of local cattle through 
crossbreeding with Holstein Friesian semen. 
Pakistan Vet. J., 22(1): 21-26.  

Qureshi MS, Khan S, Ahmad N. 2007. Pregnancy 
depresses milk yield in dairy buffaloes. Ital. J. 
Anim. Sci., 6: 1290-1293. 

Qureshi MS, Ahmad N. 2008. Interaction among calf 
suckling, use of oxytocin, milk production and 
reproduction in dairy buffaloes. Anim. Reprod. 
Sci., 106: 380-392. 

Raheja KL, Burnside EB, Schaeffer LR. 1989. 
Relationship between fertility and production 
in Holstein dairy cattle in different lactations. 
J. Dairy Sci., 72: 2670-2678.  

Rollinson DHL. 1978. Livestock breeding policies in 
Pakistan. FAO, Rome, Italy. pp: 18.  

Royal MD, Darwash AO, Flint APF, Webb R, 
Woolliams JA, Lamming GE. 2000. Declining 
fertility in dairy cattle: changes in traditional 
and endocrine parameters of fertility. J. Anim. 
Sci., 70: 487-501.  

 Sarwar M, Khan MA, Iqbal Z. 2002. Feed resources 
for livestock in Pakistan. Int. J. Agri. Biol., 4: 
186-192.  

Shah M, Qureshi MS, Tahir M. 2009. Effects of 
different feed combinations on glucose 
contents in milk and blood of crossbred cows 
and buffaloes. MSc Thesis, Department of 
Livestock management, NWFP Agricultural 
University, Peshawar. 

Sharma AK, Wilcox CJ, Martin FG, Thatcher WW. 
1990. Effect of stage of lactation and 
pregnancy and their interaction on milk yield 
and constituents. J. Dairy Sci., 73(6): 1586-
1590. 

SPSS. 1999. SPSS Regression Models 10.0. 
Chicago. 

Steel RGD, Torrie JH. 1980. Analysis of covariance, 
In: Principles and Procedures of Statistics: a 
Biometrical Approach, pp. 401-437. McGraw-
Hill, New York.  

Syed M, Ali M, Ahmad N. 1994. Production efficiency 
of crossbred cattle at Livestock Research and 
Development Farm, Surezai, Peshawar. MSc 
Thesis, Department of Livestock management, 
NWFP Agricultural University, Peshawar. 

Veerkamp RF, Brotherstone S. 1997. Genetic 
correlations between linear type traits, feed 
intake, live weight and condition score in 



Mushtaq et al., Body Condition and Pregnancy on Milk Yield and Its Composition in Crossbred Dairy Cows… 
 

ISSN: 2090 - 0511          On Line ISSN: 2090 - 0503                    http://www.egyseb.org 

253

Holstein Friesian dairy cattle. J. Anim. Sci., 
64: 385-392.  

Veerkamp RF, Simm G, Oldham JD. 1994. Effects of 
interaction between genotype and feeding 
system on milk production, feed intake, 
efficiency and body tissue mobilisation in dairy 
cows. Livest. Prod. Sci., 39: 229–241.  

Villa-Godoy A, Hughes TL, Emery RS, Chapin LT, 
Fogwel RL. 1988. Associations between 
energy balance and luteal function in lactating 
dairy cows. J. Dairy Sci., 71: 1063-1072.  

Waltner SS, McNamara JP, Hillers JK. 1993. 
Relationships of body condition score to 

production variables in high producing 
Holstein dairy cattle. J. Dairy Sci., 76: 3410-
3419. 

Wilcox CJ, Pfau K0, Marhex RE, Bartlett JW. 1959. 
Genetic and environmental influence upon 
solids-not-fat content of cow’s milk. J. Dairy 
Sci., 42: 1132. 

Wildman EE, Jones GM, Wagner PE, Bowman RL, 
Troutt HF Jr, Lesch TN. 1982. A dairy cow 
body condition scoring system and its 
relationship to selected production 
characteristics. J. Dairy Sci., 65: 495-501. 

 


