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Abstract 

Smallholder dairy farmers in Tanzania predominantly keep crosses of Boran/Zebu and Friesian/Jersey/Ayrshire for income 

generation and household nutrition. However, in coastal areas hot and humid environment presents challenges for dairy 

production such as limited access to quality feed which lead to frequent cases of negative energy balance (NEB). Body Condition 

Score (BCS) is a key management tool for assessing energy reserves and metabolic status, yet information on its relationship with 

milk yield and composition in Tanzanian crossbred dairy cows is lacking. This study aimed at evaluating the association between 

BCS and milk yield and milk composition during the postpartum period in crossbred dairy cows raised under hot and humid 

tropical conditions. Atotal of 102 crossbred dairy cows from TALIRI and LITA farms were monitored over five months. BCS of 

each cow was scored based on a five – point scale (1=Emaciated and 5=Obese). The BCS scores were categorized into three 

groups, with group one, two and three having scores of 2.0 to 2.5, 2.6 to 3.4 and 3.5 to 4.0, respectively. Milk yield and 

composition (fat, protein and lactose contents) were measured daily and twice per month, respectively. Results revealed 

significant effects of BCS on milk yield and composition (p<0.0001). Cows with a BCS in group three had the highest average 

daily milk yield (5.86 ± 0.48 liters / day) and fat content (3.75%) while those with BCS in group one had the lowest average daily 

milk yield (3.60 ± 0.34 liters /day) and fat content (2.80%). Milk protein and lactose contents did not differ (p > 0.05) among the 

BCS groups. Body condition score had significant and positive correlations with milk yield, milk fat, milk protein and milk 

lactose contents. A one unit increase in BCS was associated with an increase of 1.24 liters for daily milk yield, 0.54% for milk fat, 

0.1% for milk protein and 0.14% for lactose. These findings under score the critical role of maintaining optimal BCS to enhance 

milk production and quality in cross bred dairy cows. Therefore, smallholder dairy farmers should ensure that their cows achieve 

and maintain optimal BCS for sustained productivity. 
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1. Introduction 

In Tanzania smallholder dairy cattle production became 

more popular since 1980s, especially in peri-urban and rural 

areas. Milk production for income generation and house hold 

nutrition are key purposes for keeping dairy cattle for the ma-

jority of smallholder farmers in Tanzania. Moreover, small-

holder dairy production plays an important role in food security 

and poverty alleviation for poor households as the dairy cattle 

represent an important investment capital that appreciates 

overtime.  

In Tanzania, the majority of dairy cattle farmers keep 

crossbred dairy cattle produced by crossing Boran/Zebu with 

temperate dairy breeds, particularly Friesian, Jersey, and 

Ayrshire. This is because the pure dairy breeds seem to per-

form relatively poor under hot and humid environmental 

conditions due to lack of adaptability, On the other hand, the 

crossbred dairy cows perform relatively better under low 

input production system and thus, are well suited for small-

holder farmers. They produce an average of eight or more 

liters of milk per cow per day during the rainy season and four 

liters or less during the dry season [1-3]. The herd size for 

smallholder farmers varies, with the majority keeping less 

than five cows [4]. 

Management of dairy cows in hot and humid climates presents 

a unique set of challenges, and several factors can significantly 

affect the performance of dairy cows in these areas including 

heatstress, in adequate nutrition due to poor quality and quantity 

of the common feed resource and diseases and parasites. Dairy 

cows experience negative energy balance when energy required 

for maintenance and milk production exceeds the energy ob-

tained from feeds/forages consumed. During the dry season, both 

quantity and quality of forages significantly decline, hence, dairy 

cows of smallholder farmers get insufficient nutrients and energy. 

During the period of feed scarcity, lactating dairy cow utilizes the 

body fat reserve to sustain her milk production in response to 

insufficient energy obtained from the feeds, and this is reflected 

in loss of body condition [5]. Excessive negative energy balance 

results in to the cows getting very thin and can lead to health 

problems and poor fertility. 

Therefore, estimating dairy cow’s energy balance is crucial 

in order to monitor health, milk production, reproduction, and 

feed management. Dairy cows’ energy balance has been tra-

ditionally determined by subtracting energy output from their 

energy intake [6]. In order to determine the energy for 

maintenance, milk production, activity, pregnancy and growth, 

energy from feed intake and expenditure must be recorded. 

Practically estimates o f energy spending in dairy cows for 

maintenance, activity and growth are hard to obtain, with 

exception for milk production. 

The current techniques that can be used to determine the 

level of the energy balance like measurements of non-esterified 

fatty acid (NEFA), albumin, insulin, insulin-like growth factor 

1 (IGF-1), glucose, growth hormone, are very expensive in 

terms of collection of blood samples and equipment for analy-

sis. Alternatively, energy balance (EB) can be predicted using 

body weight as they are positively correlated [7, 8]. However, 

the measurement of body weight (BW) alone might not be a 

reliable indicator of changes in bio-energetic tissues. This is 

because during the early stage of lactation changes in BW is 

influenced by several factors such as organ weight and water 

and feed intake. Moreover, the amount of body weight gained 

as a result of the gastro-intestinal fill masks the degree of body 

tissue loss [9]. 

Therefore, it is important to use other traits such as body 

condition score (BCS) which can be easily and quickly de-

termined and its assessment is less expensive. It is assessed 

through visual or physical palpation on alive animal. 

Body condition score (BCS) is a reliable indicator of nutri-

tional well-being and overall health of dairy cows. Furthermore, 

BCS is an indicator of the amount of metabolic energy retained 

in body fat and muscles. In broad-spectrum, variations in BCS 

are observed when dairy cow's energy reserves change during 

certain stages of lactation. Research findings indicate that high 

milk yields during early lactation are often associated with a 

decline in BSC or a loss of energy reserves [10, 11]. Studies 

have shown that BW and BCS can be used by farmers as 

management tools during pre- and post-partum periods for 

evaluation of milk yield, milk composition [12] health of dairy 

cows, nutritional status and reproduction performance [10, 11, 

13]. Currently, most studies that report on the relationship 

between BCS and milk yield and quality are from technologi-

cally advanced countries such as US and UK [11, 6]. These 

studies often involve different breeds and management strate-

gies, which may not directly apply to a tropical country like 

Tanzania. Moreover, the management practices that prove 

effective in temperate climates may not necessarily translate to 

hot and humid regions, which are characterized by intense heat 

stress, limited forage availability, and a unique set of nutritional 

and physiological demands. Studies on the relationship be-

tween BCS and milk yield and quality in cross bred dairy cows 

in Tanzania are limited. Therefore, this study was conducted to 

establish the association of body condition score during post 

calving period with milk yield and composition (milk fat, pro-

tein and lactose contents) in cross bred dairy cows reared in 

humid, high-temperature environments with limited access to 

quality feed and forage. 

2. Materials and Methods 

2.1. Study Area 

The study was conducted at the Tanzania Livestock Re-

search Institute (TALIRI) and Livestock Institute Training 

Agency (LITA)-Eastern Zone, Tanga for five months from 

January 2024 to May 2024. These two farms are located in 
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Tanga city in the north-eastern coast of Tanzania mainland at 

latitude 5°S and longitude 39°E. The area has a tropical cli-

mate characterized by hot temperatures. The rainy season 

occurs in two periods, October – November and April-May, 

while the warm and dry season occurs in January-February 

and the cool and dry season is experienced from June to 

September. Temperatures range from 20.31 to 33.0°C and 

average annual rainfall is between 1100 and 1400mm [14]. 

2.2. Experimental Animals 

A total of 102 Holstein Friesian crossbred dairy cows, with 

live weights ranging from 250 to 450kg, were utilized in this 

study. The cows were categorized into three groups based on 

parity: group one included cows with one to two parities 

(n=23), group two included those with three to four parities 

(n=24), and group three comprised cows with five or more 

parities (n=55). In terms of age, the cows were divided into 

three groups: group one included cows aged 2.5 to 3years 

(n=7), group two included cows aged 4 to 5years (n=20), and 

group three consisted of cows aged over 6years (n=75). Ad-

ditionally, the lactation stages were classified into three cat-

egories: group one comprised cows with less than 3 months 

postpartum (n=40), group two included cows with 4 to 5 

months postpartum (n=32), and group three comprised cows 

with 6 months or more postpartum (n=30). 

2.3. Management of Experimental Animals 

The cross bred dairy cows were grazed in natural pasture 

early in the morning from 0730 to 1300 hours. Then each cow 

was supplemented with 1.0 to 1.5kg of concentrate feeds during 

milking time and there after continued to graze in the evening 

from 1600 to 1800 hours and then supplemented with hay. At 

TALIRI –Tanga farm the concentrate diet was only maize bran 

while at LITA–Tanga farm the dairy cows were offered a 

concentrate diet comprised of protein (sunflower seed cake), 

energy (maize bran), and mineral (Di –calcium phosphate, DCP 

and dairy premixes). Each lactating cow was provided the 

supplementary diet twice a day during milking hours early in 

the morning and in the afternoon. All cows were provided with 

adlibitum amount of water. 

For prevention and control of diseases, routine control 

measures were done by deworming every three months using 

anthelminthic drugs (Ivermectine, Albendazole) to control 

internal parasites and dipping with acaricides once per week 

to control external parasites such as mites and ticks. Chemo-

prophylaxis treatments (Diminazene Aceturate) to control 

tickbone like anaplasmosis and babesiosis and other protozoa 

diseases such as trypanosomiasis were done. 

2.4. Data Collection 

2.4.1. Body Condition Score (BCS) 

The body condition score for each animal was done through 

visual observation and palpating body parts on the hind 

quarter, mainly at the hockbone, pinbone, sacral ligaments 

and tailhead ligaments (at the anterior coccygeal vertebrae). 

Fat cover was score by palpating on the shortribs and ob-

serving the corrugation of the shortribs. The crossbred dairy 

cows were scored during milking time in the evening at the 

start of the experiment and then for every 15 days during 

experimental period of five months. Body condition was 

scored using a scale of 1 to 5 points developed by [15, 16] 

where by 1=emaciated, 2=thin, 3=average, 4=fat and 5=obese. 

All animals were scored by the same person. Then the cows 

were categorized into three groups; group one had BCS 

ranging from 2.0 to 2.5, BCS for group two ranged from 2.6 to 

3.4 and for group three ranged from 3.5 to 4.0. 

2.4.2. Milk Yield (MYD) 

Milk yield per cow was measured daily in a calibrated 

bucket and the measurements were recorded in liters for both 

morning and evening milking sessions. The total daily milk 

yield was calculated by summing up the morning and evening 

yields. Weekly and monthly milk yields were subsequently 

computed and recorded in an Excel sheet for analysis. 

2.4.3. Milk Composition 

Milk samples were obtained by collecting 15ml of milk 

from each crossbred dairy cow. The samples were collected 

twice a month, approximately at two-week intervals i.e. dur-

ing the middle and end of each month. The samples were 

taken during milking after two to three strip milking and were 

collected into vacutainer tubes (each tube with 15ml capacity). 

These samples were immediately placed in a cool box packed 

with ice and transported to TALIRI-Tanga Laboratory. At the 

laboratory, the milk samples were stored in a deep freezer set 

at a temperature of 4°C until analysis. Before analysis of milk 

composition, the samples were brought to room temperature 

(20°C) and then analyzed using the Lactoscan Milk Analyzer 

(Lactoscan S50) to determine key milk components, including 

fat, protein, and lactose contents. 

2.5 Data Analysis 

Descriptive statistics including mean and standard error 

were computed for body condition score, daily milk yield and 

milk fat, protein and lactose contents. A general linear model 

(GLM) procedure of SAS version 9.4 [17] was used to analyze the 

quantitative data. Data were analyzed by fitting milk yield and 

milk composition as dependent variables and farm, age, parity, 

season, lactation stage, and body condition group as a fixed factor 

and the results for quantitative variables are expressed as least 

square means (LSM) ± standard error (SE). 

The statistical model used in this study to test the effects of 

independent variables (farm, body condition score (BCS), age, 

lactation stage, parity and season) on milk yield and milk 

composition traits is shown below: 

Model: 
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Yijklm=μ+Ai+Bj+Ck+Dl+(AB)ij+(AC)ik+(AD)il+eijklm 

Where: 

Yijklm= Dependent variable (daily milk yield or milk fat, 

protein and lactose contents). 

μ=Population mean. 

Ai=Fixed effect of BCS (categorized as 1, 2 and 3). 

Bj=Fixed effect of lactation stage (categorized as 1, 2 and 3). 

Ck= Fixed effect of age group (categorized as 1, 2, and 

3). 

Dl= Fixed effect of parity (categorized as 1, 2 and 3). 

(AB)ij = Interaction effect between BCS and lactation 

stage. 

(AC)ik = Interaction effect between BCS and age. 

(AD)il=_Interaction effect between BCS and parity. 

eijklm= Random error term, assumed to follow a normal 

distribution N(0,σ2). 

The significance of the differences between pairs of means 

were assessed by using Duncan’s multiple range test at p=0.05 

level of probability and all statistical analyses were performed 

using SAS version 9.4 [17]. 

To establish the association between BCS and milk yield 

and milk composition traits, the following multiple linear 

regression model was applied: 

Yijk=β0+β1X1+β2X2+β3X3+β4X4+εijk. 

Where: 

Yijk=Dependent variable (e.g., milk yield or milk composi-

tion traits (milk fat, protein, and lactose contents). 

β0= y-intercept. 

β1−β4= Partial regression coefficients for the independent 

variables (slopes, indicating the influence of each factor on 

the dependent variable). 

X1= Body Condition Score (categorized into 3 groups). 

X2: Age of the cow (categorized into 3 groups). 

X3=Lactation stage (categorized into 3 groups). 

X4= Parity i.e. number of times the cow has calved (cate-

gorized into 3 groups). 

εijk = Random error term, assumed to be independently and 

identically distributed with N(0,σ2). 

3. Results 

3.1. Trend of Body Condition Score and Milk 

Yield and Composition During the Study 

Period 

The trends of BCS, daily milk yield and milk composition 

during the study period (January to May, 2024) are shown in 

Figures 1, 2 and 3, respectively. During the study period body 

condition score of crossbred dairy cows showed an increasing 

trend, on average from 2.75 ± 0.03 to 3.2 ± 0.03 BCS (Figure 

1). This corresponded with slight increase in daily milk yield 

from 4.6 to 4.9lts (Figure 2) and slight decrease in milk 

composition (Figure 3). Milk fat, protein and lactose contents 

decreased from 3.5 to 3.4%, 2.8 to 2.75% and 4.2 to 4.1%, 

respectively. During the experimental period, the overall 

average milk yield and milkfat, protein and lactose contents of 

crossbred dairy cows were 4.70 ± 0.1lts per day, 3.41 ± 0.03%, 

2.8 ± 0.02% and 4.17 ± 0.02%, respectively. (Table 1). 

 
Figure 1. Trends of BCS during the study period. 

 
Figure 2. Trends of daily milk yield during the study period. 
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*LAC=Lactose contentin milk and PROT=Protein content in milk 

Figure 3. Trends of Milk composition during the study period. 

Table 1. Overall average BCS, daily milk yield and milk fat, protein and lactose contents during the study period. 

Variable N Mean ± se 

BCS 424 2.97 ± 0.02 

MYD (l/day) 424 4.70 ± 0.1 

FAT (%) 424 3.41 ± 0.03 

PROTEIN (%) 424 2.80 ± 0.02 

LACTOSE (%) 424 4.17 ± 0.02 

N= number of observation, BCS= Body condition score SE= Standard error, % = percentages l/day= liters per day 

3.2. Effects of Body Condition Score on Milk 

Yield and Milk Composition of Cross bred 

Dairy Cows 

The results in Table 2 revealed that BCS significantly in-

fluenced daily milk yield, with all three BSC groups differing 

significantly from each other. (P≤0.001). Cows with BCS 

group3 had the highest daily milk yield (5.86 ± 0.48 lts per 

day), which was significantly higher than that of cows with 

BCS group 2 (4.69 ± 0.21 lts per day) and BCS group 1 (3.60 

± 0.34 lts per day). Milk fat content also showed significant 

differences (P≤0.001) among the cows with different BCS 

groups. Cows with BCS group 3 had the highest milk fat 

content (3.75%), which was significantly greater than the fat 

content observed in milk of cows with BCS group 2 (3.40%) 

and BCS group1 (2.80%). Milk protein and lactose contents 

did not differ among the cows with different BCS groups. 

Milk protein content ranged from 2.74% for cows with BCS 

group1 to 2.96% for cows with BCS group3 while lactose 

content ranged from 4.08% in cows with BCS group1 to 4.43% 

in cows with BCS group. 

Table 2. Effect of body condition score (BCS) on milk yield and milk composition of crossbred dairy cows. 

Variable 

Body condition group 

P value 

1 2 3 

Daily milk yield (lts/day) 3.60 ± 0.34c 4.69 ± 0.21b 5.86 ± 0.48a 0.0001 
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Variable 

Body condition group 

P value 

1 2 3 

Milk fat content (%) 2.80 ± 0.12c 3.40 ± 0.07b 3.75 ± 0.48a 0.0001 

Milk protein content (%) 2.74 ± 0.10a 2.85 ± 0.06a 2.96 ± 0.13a 0.0001 

Milk lactose content (%) 4.08 ± 0.13a 4.22 ± 0.08a 4.43 ± 0.13a 0.0001 

a,b,cMeans with different superscripts within row differ significantly at P≤0.0001, lts/day=liters per day,%= percentage 

3.3. Effects of Interaction Between Lactation 

Stage and Body Condition Score on Milk 

Yield and Milk Composition of Dairy Cows 

Table 3 presents the results from the GLM analys is indi-

cating significant interaction (P<0.0001) between BCS and 

lactation stage on milk yield and composition traits. A cross 

all lactation stages, cows with higher BCS (group3) consist-

ently produced more milk per day and their milk had higher 

fat, protein, and lactose contents compared to those with 

lower BCS (group1). Specifically, for lactation stage 1, the 

cows with BCS group3 produced higher (P<0.0001) milk 

yield (7.09 ± 0.59 lts /day) than those with BCS group1 (3.85 

± 0.37 lts /day), the milk yield of cows with BCS group 2 

(5.63 ± 0.26 lts /day) being intermediate. A similar pattern 

was observed in lactation stage2, where by cows with BCS 

group3 (5.95 ± 0.59 lts/day) had significantly higher yields 

than those with BCS group1 (4.48 ± 0.46 lts /day). In lactation 

stage3, the cows with BCS group3 also produced the highest 

amount of milk (5.84 ± 0.56 lts /day), significantly surpassing 

those with BCS group1 (3.29 ± 0.52 lts /day). Additionally, 

milk fat percentage was significantly higher for cows with 

BCS group3 than those with BCS group1 across all stages of 

lactation. Similarly, protein content was significantly higher 

for cows with BCS group3 compared to those with BCS 

group1. Lactose content followed the same trend, with sig-

nificantly higher values being observed for cows with BCS 

group3 compared to those with BCS group1 for all lactation 

stages. 

Table 3. Effect of interaction between body condition score and lactation stage on milk yield and composition. 

Variable Lactation stage1 Lactation stage 2 Lactation stage 3 

 
BCS Grp 

1 
BCS Grp 2 BCS Grp3 

BCS Grp 

1 
BCS Grp 2 

BCS Grp 

3 
BCS Grp 1 BCS Grp 2 

BCS Grp 

3 

Milk yield day 

(lts/day) LSM ± SE 
3.85±0.37b 5.63±0.26a 7.0±0.59a 4.48±0.46b 4.69±0.27ab 5.95±0.56a 3.29±0.52b 4.82±0.30ab 5.84±0.56a 

%Fat (LSM ± SE) 3.02±0.14b 3.48±0.09ab 3.69±0.22a 2.73±0.17b 3.35±0.10ab 3.89±0.21a 2.69± 0.19b 3.50±0.11ab 3.85±0.21a 

%Protein (LSM ± 

SE) 
2.68±0.07b 2.82±0.05ab 2.7 ±0.11b 2.70±0.09b 2.86±0.05ab 3.02±0.12a 2.75±0.09ab 2.78±0.06ab 3.06±0.11a 

%Lactose (LSM ± 

SE) 
4.09±0.09b 4.18±0.07ab 4.13±0.15ab 3.98±0.12a 4.25±0.07ab 4.41±0.14a 4.06± 0.13b 4.10± 0.08b 4.59±0.14a 

abMeans with different superscripts in the same column are significantly different at P < 0.0001 

LSMEANS = Least square means, SE=Standard Error, BCS Grp=Body condition score group 

3.4. Effects of Interaction Between Parity and 

Body Condition Score on Milk Yield and 

Milk Composition of Dairy Cows 

The results in Table 4 revealed significant interaction be-

tween BCS and parity on milk yield and composition, indi-

cating that the effect of BCS on these traits varied a cross 

different parity levels. For milk yield per day (MYD), in par-

ity1, cows with BCS group 2 had significantly higher yield 

(5.13 ± 0.29 Liters/day) than those with BCS group1 (3.90 

Liters/day), while the milk yield of the cows with BCS group3 
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(4.66 ± 0.57 Liters/day) was not significantly different from 

that of those with BCS group1 and group2. In Parity2, cows 

with BCS group3 had significantly higher yield (7.22 ± 0.75 

Liters/day) than the cows with BCS group1 (3.96 ± 0.57 Li-

ters/day) and BCS group2 (4.91 ± 0.39 Liters/day), which 

were not significantly different from each other. In Parity3, 

cows with BCS group3 had significantly higher yield (6.99 ± 

0.79Liters/day) than those with BCS group1 (3.78 ± 

0.59Liters/day), while the milk yield of those with 

BCSgroup2 (5.11±0.36Liters/day) was not significantly dif-

ferent from the milk yield of either group. 

For milk fat content, in parity1, there were no significant 

differences among the cows with different BCSgroups. In 

Parity 2, cows with BCS group3 had significantly higher milk 

fat content (3.88%) than those with BCS group1 (2.98%), 

while those with BCS group 2 (3.51%) were not significantly 

different from either group. In Parity 3, cows with BCS 

group3 had significantly higher milk fat content (4.06%) than 

those with both BCS group 2 (3.35%) and BCS group1 

(2.56%). 

For milk protein content, in parity1, no significant differ-

ences were observed among the cows with different BCS 

groups. In Parity2, cows with BCS group1 produced milk 

with significantly lower protein content (2.62%) than those 

with BCS group3 (2.84%), while the milk protein content of 

cows with BCS group2 (2.83%) was not significantly differ-

ent from that of the cows in either group. In parity3, cows with 

BCS group3 had significantly higher milk protein content 

(2.97%) than those with BCSgroup1 (2.61%), while the milk 

protein content of those with BCS group2 (2.78%) was sig-

nificantly different from that of both groups. 

For milk lactose content, in parity1, cows with BCS group 3 

had significantly higher milk lactose content (4.41%) than 

those with BCS group1 (4.15%), while the milk lactose con-

tent of cows with BCS group2 (4.25%) was not significantly 

different from that of either groups. In parity 2, cows with 

BCS group1 had significantly lower milk lactose content 

(3.92%) than those with both BCS group2 (4.13%) and BCS 

group3 (4.25%), which were not significantly different from 

each other. In parity3, cows with BCS group3 had signifi-

cantly higher lactose content (4.52%) than those with BCS 

group1 (4.07%), while those with BCS group2 (4.15%) were 

not significantly different from either groups. 

Table 4. Effects of interaction between BCS group and parity on milk yield and composition. 

Variable Parity 1 Parity 2 Parity 3 

 BCS Grp 1 BCS Grp 2 BCS Grp 3 
BCS group 

1 
BCS Grp 2 BCS Grp 3 

BCS Grp 

1 
BCS Grp 2 

BCS Grp 

3 

Milk yield day 

(lts/day) LSM ± SE 
3.90± 0.40c 5.13 ±0.29b 4.66±0.57bc 3.96±0.57c 4.91± 0.39b 7.22 ±0.75a 3.78±0.59c 5.11± 0.36b 6.99±0.79b 

%Fat (LSM ± SE) 2.91± 0.15c 3.46±0.11ab 3.50±0.21ab 2.98± 0.21c 3.51±0.14ab 3.88 ±0.28a 2.56±0.22c 3.35 ±0.13b 4.06±0.29a 

%Protein (LSM ± 

SE) 
2.90±0.08ab 2.87±0.05ab 2.99 ±0.11a 2.62 ±0.11c 2.83±0.07ab 2.84±0.14ab 2.61±0.11c 2.78 ±0.67b 2.97±0.15a 

%Lactose (LSM ± 

SE) 
4.15±0.10ab 4.25±0.07ab 4.41 ±0.14a 3.92 ±0.15b 4.13± 0.10b 4.25±0.19ab 4.07±0.15b 4.15±0.10ab 4.52±0.20a 

abMeans with different superscripts in the same column are significantly different at P<0.0001 

LSMEANS=Least square means, SE= Standard Error, BCS Grp=Body condition score groups 

3.5. Effects of Interaction Between Age and 

Body Condition Score on Milk Yield and 

Milk Composition of Dairy Cows 

The GLM analysis results revealed significant interaction 

between age and BCS on milk production parameters, indi-

cating that the effect of BCS on milk yield and composition 

traits varied across the age groups. For daily milk yield, in age 

group1, cows with BCS group3 had significantly higher yield 

(7.63 ± 1.24lts/day) than the cows with both BCS group2 

(5.43 ± 0.55lts/day) and BCS group1 (4.02 ± 0.81lts/day), 

which were also significantly different from each other (Table 

5). 

In age group2, cows with BCS group3 had significantly 

higher yield (6.45 ± 0.68lts/day) than those with both BCS 

group2 (4.94 ± 0.34lts/day) and BCS group 1 (3.67 ± 

0.53lts/day), which were also significantly different from 

each other. In age group3, cows with BCS group1 produced 

significantly lower milk yield (3.93 ± 0.35lts/day) than those 

with BCS group 2 (4.78 ± 0.22lts/day) and BCS group3 (4.79 

± 0.4lts/day), but the daily milk yields of cows with BCS 

group2 and BCS group3 were not significantly different from 

each other (Table 5). 

For milk fat content, in age group1, cows with BCS group3 

http://www.sciencepg.com/journal/avs


Animal and Veterinary Sciences http://www.sciencepg.com/journal/avs 

 

78 

produced milk with significantly higher fat content (3.88%) 

than those with both BCS group2 (3.35%) and BCS group1 

(2.18%), which were also significantly different from each 

other. In age group2, the milk of cows with BCS group 3 

(3.94%) had significantly higher fat content than those with 

BCS group1 (2.95%), while the milk fat content of cows with 

BCS group 2 (3.49%) was not significantly different from 

either group. In age group3, cows with BCS group3 had sig-

nificantly higher milk fat content (3.61%) than those withBCS 

group1 (3.32%), while the milk fat content of cows with BCS 

group2 (3.49%) was not significantly different from that of 

either group. 

For milk protein content, in age group1, cows with BCS 

group3 had significantly higher milk protein content (3.00%) 

than those with BCS group1 (2.58%), while the milk protein 

content of cows with BCS group2 (2.86%) was not signifi-

cantly different from either group. In age group2, cows with 

BCS group1 produced milk with significantly lower protein 

content (2.67%) than those with BCS group3 (2.96%), while 

the milk protein content of cows with BCS group2 (2.84%) 

was not significantly different from either group. In age 

group3, the milk protein content of cows with BCS group1 

(2.88%) and BCS group 2 (2.77%) were significantly lower 

than that of those with BCS group3 (2.84%), but the milk 

protein contents of cows with BCS group2 and BCS group3 

were not significantly different from each other.  

For lactose content, in age group1, cows with BCS group3 

had significantly higher milk lactose content (4.61%) than 

those with BCS group1 (3.98%), while those with BCSgroup 

(4.13%) were not significantly different from either group. In 

age group 2, cows with BCS group3 (4.44%) had significantly 

higher milk lactose content than those with BCS group1 

(4.00%), while those with BCS group2 (4.25%) were not 

significantly different from either group. In age group3, there 

were no significant differences in milk lactose content among 

the BCS groups. 

These results indicated that the effect of BCS on milk yield 

and composition did not follow a uniform pattern a cross all 

ages. The most pronounced differences in milk yield were 

observed in age groups 1 and 2, where all the three BCS 

groups were significantly different from each other. Fat per-

centage was significantly affected by BCS in all age groups, 

while protein differences were more variable across age 

groups. Lactose content differences were only significant in 

age groups 1 and 2, but not in age group 3. 

Table 5. EffectsofinteractionbetweenBCSgroupandagegrouponmilkyieldandcomposition. 

Variable AGE Grp 1 AGE Grp 2 AGEGrp 3 

 BCS Grp 1 BCS Grp2 BCS Grp 3 BCS Grp 1 BCS Grp 2 BCS Grp 3 BCS Grp 1 BCS Grp 2 BCS Grp 3 

Milk yield day 

(lts/day) LSM ± SE 
4.02±0.81bc 5.43 ±0.55b 7.63±1.24a 3.67±0.53c 4.94 ±0.34b 6.45±0.68a 3.93±0.35bc 4.78±0.22b 4.79±0.41b 

%Fat (LSM ± SE) 2.18± 0.30d 3.35± 0.20b 3.88±0.46a 2.95±0.20c 3.49±0.12ab 3.94±0.25a 3.32 ±0.13b 3.49±0.08ab 3.61± 0.15a 

%Protein (LSM ± SE) 2.58± 0.15c 2.86±0.05ab 3.00±0.23a 2.67±0.10b 2.84±0.06ab 2.96±0.13a 2.88±0.07ab 2.77± 0.04b 2.84±0.08ab 

%Lactose (LSM ± 

SE) 
3.98± 0.21b 4.1 ± 0.14ab 4.61±0.32a 4.00±0.13b 4.25±0.09ab 4.44±0.17a 4.15±0.09ab 4.14±0.06ab 4.13±0.11ab 

abMeans with different superscripts with in a column are significantly different at P<0.0001 

LSMEANS=Least square means, SE=Standard Error, AGEGrp=Age groups, BCSGrp=Body condition score groups 

3.6. Association Between Body Condition Score 

and Milk Yield and Composition 

Table 6 presents results from multiple linear regression 

analysis. The results show that body condition score (BCS) 

had significant positive influence on milk yield, milk fat, milk 

protein and milk lactose contents. For each one-unit increase 

in BCS, daily milk yield increased by 1.24 liter while milk fat, 

protein and lactose contents increased by 0.54, 0.10 and 0.14 

percentage, respectively. Lactation stage (LS) had a signifi-

cant negative effect on milk yield. Milk yield decreased by 

0.47 liter per unit increase in lactation stage. However, its 

effect on milk fat, protein, and lactose content was not sig-

nificant (p>0.05). Parity had a significant positive effect on 

milk yield, with an increase of 0.47 liter per increase of one 

parity. However, parity did not significantly influence milk fat 

(p=0.5837). Parity had a small but significant negative effect 

on milk protein, while its effect on milk lactose was not sig-

nificant (p=0.8854). Age did not significantly affect milk 

yield (p=0.1840), milk protein content (p=0.2361), or milk fat 

content (p=0.0782). However, it had a significant negative 

effect on milk lactose content. Lactose content decreased by 

0.13 percent for each age increase of one year. These results 

indicate that among the variables tested BCS had the strongest 

influence on milk yield and composition, with higher BCS 
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being associated with increased milk production and content of milk fat, protein and lactose. 

Table 6. The relationship between BCS and milk yield and milk composition (fat, protein, lactose.). 

 Milk yield Milk fat Milk protein Milk lactose 

Variable PE SE P PE SE P PE SE P PE SE P 

BCS 1.24 0.23 <.0001 0.54 0.08 <.0001 0.10 0.04 0.0150 0.14 0.06 0.0134 

LS -0.47 0.11 <.0001 0.004 0.04 0.9286 0.04 0.02 0.0399 0.03 0.03 0.2243 

Parity 0.47 0.16 0.0048 -0.03 0.06 0.583 -0.07 0.03 0.0308 -0.01 0.04 0.8854 

Age -0.30 0.23 0.1840 0.144 0.08 0.0782 -0.05 0.04 0.2361 -0.13 0.06 0.028 

Note: BCS=Body condition score, LS=Lactation stages, PE=Parameter estimate, SE=Standard Error and, P=P-values. 

4. Discussion 

4.1. Trends of Body Condition Score, Milk Yield 

and Composition During the Study Period 

Body condition score is a widely recognized management 

tool for assessing energy reserves and nutritional status in dairy 

cows [16, 18, 12]. Body condition score plays a critical role in 

milk production. The results of this study show that during the 

study period body condition score of cross bred dairy cows 

increased from low values in the dry season to high values in 

wet season and corresponded with slight increase in daily milk 

yield and lactose. This is because during the dry season cross 

bred dairy cows had low body condition score due to high 

mobilization of energy reserve to support milk production. The 

BCS increased after gaining energy reserve during the wet 

season and resulted into slight increase in milk yield and milk 

composition. The results of this study are in agreement with the 

findings reported by [1-3], who showed that the trend of milk 

yield increases from less than 4 liters in dry season to more than 

8 liters in wet season. This indicates that the energy available 

for milk production increases in wet season as a result of 

abundant availability of forage and the ability of dairy cows to 

reserve energy increases which, in turn, leads to body condition 

scored increase in cross bred dairy cows. 

4.2. Effects of Body Condition Score on Milk 

Yield and Milk Composition of Crossbred 

Dairy Cows 

BCS is a key indicator of a dairy cow's energy reserves and 

thus, it influences both milk yield and composition. The pre-

sent study signifies that better body condition score is asso-

ciated with high milk yield in cross bred dairy cows. Cows 

with good BCS had the highest daily milk yield and milk 

composition than the cows with low BCS. This aligns with the 

findings from other studies in tropical regions which linked 

poor BCS to lower milk production and compromised meta-

bolic efficiency [19, 20, 12]. Additionally, production of milk 

is closely related with mobilization of energy reserves [10]. 

However, milk protein and lactose contents showed less 

pronounced changes with variations in BCS, suggesting that 

these components are more influenced by genetic and dietary 

factors rather than body energy store alone [21, 22]. Proper 

management of energy reserves is critical for economic suc-

cess in dairy farming, and dairy cows that are either too thin or 

with excessively stored fat face a risk of decreased milk yield 

and potential health complications. 

4.3. Effects of Interaction Between Lactation 

Stage and Body Condition Score on Milk 

Yield and Milk Composition of Dairy Cows 

The results from GLM analysis revealed that the effect of 

BCS on milk yield and fat contents varied across the lactation 

stage, thus highlighting the need for tailored nutritional 

management strategies at different lactation stages. The re-

sults of the present study show that across all lactation stages, 

cows with higher BCS consistently produced more milk per 

day and their milk had higher fat, protein, and lactose contents 

compared to those with lower BCS. The cross bred dairy cows 

in early stage of lactation (lactation stage1) and with higher 

BCS produced the highest amount of milk yield per day. Ad-

ditionally, the crossbred dairy cows with higher BCS at 

calving produced more milk during early lactation. This is in 

agreement with the observation made by other authors who 

reported that cows in early-lactation mobilize body reserves to 

meet peak milk production demands [10, 23]. However, cows 

with low BCS struggle to meet lactation demands, leading to 

lower milk yield and metabolic stress [24, 20]. Therefore, 

maintaining adequate pre-and post-calving nutrition is essen-

tial to replenish body reserves and sustain milk production 
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efficiency throughout the lactation period. 

4.4. Effects of Interaction Between Parity and 

Body Condition Score on Milk Yield and 

Milk Composition of Dairy Cows 

The present study revealed that the interaction between 

BCS and parity had significant effects on milk yield and 

composition, indicating that the effects of BCS on these traits 

varied across different parity levels. The cross bred dairy 

cows in parity 3 to 4 with higher BCS had significantly higher 

average daily milk yield. Cows with parity less than 2 and 

higher BCS had lower daily milk yield than the cows in all 

parity levels. Parity influences the efficiency of energy utili-

zation, with multiparous cross bred dairy cows benefiting 

more from higher BCS than younger cows [25]. Young pri-

miparous cows allocate more energy toward growth and limit 

milk production while matured multiparous dairy cows with 

fully developed mammary glands use their energy reserves 

more efficiently for lactation [11, 10, 26]. These findings 

suggest that BCS management should be adjusted based on 

parity, ensuring younger cows receive balanced diets for 

growth and lactation, while older cows get adequate nutrients 

to maintain sufficient body reserves for sustained milk pro-

duction. 

4.5. Effects of Interaction Between Age and 

Body Condition Score on Milk Yield and 

Milk Composition of Dairy Cows 

The interaction between age and BCS had significant ef-

fects on milk production parameters of cross bred dairy cows, 

indicating that the effect of BCS on milk yield and composi-

tion traits varies across age groups. For daily milk yield, 

younger cows with higher BCS hadsignificantly higher milk 

yield than older cows which had the same BCS. The rela-

tionship between BCS and age shows that younger cows 

utilize body reserves more efficiently for milk production, 

where as older cows with similar BCS do not experience the 

same level of improvement. This aligns with the findings of 

previous studies which indicated that metabolic efficiency 

declines with age, leading to higher maintenance energy de-

mands, reduced feed intake, and declining mammary gland 

function [27-29]. Managing BCS in older cows requires ad-

ditional nutritional support to counteract these in efficiencies, 

particularly in tropical environments where heat stress and 

forage variability affect energy balance [1]. 

4.6. Association Between BCS and Milk Yield 

and Composition of Cross Bred Cows 

To gain deeper insights into the relationship between BCS 

and milk production traits, multiple regression analysis was 

performed to assess the extent to which variations in BCS 

influence milk yield and composition. While the previous 

analysis focused effects of main factors and interaction effects 

between BCS and main factors such as lactation stage, parity, 

and age, the regression analysis complemented these findings 

by providing a measure of the strength of the association, thus 

enabling precise estimation of the impact of BCS on milk 

traits. This analytical approach enhances the interpretability 

of BCS effects, offering a more refined understanding of its 

role in lactation performance. The findings from this study 

revealed positive and significant associations between BCS 

and milk yield, milk fat, protein and lactose contents. The 

results show that for each one unit increase in BCS, there was 

an associated increase of 1.24 liters in daily milk yield, 0.54% 

in milk fat, 0.1% in milk protein and 0.14% in lactose contents. 

This positive relationship underscores the significant role of 

body reserves in supporting milk production in crossbred 

dairy cows. Similar positive association have been reported in 

previous studies, where a one unit increase in BCS resulted in 

approximately increase of 1.0 liter in daily milk yield, 0.1% in 

fat, and 0.1% in protein over a 60-day period [21, 30-32]. This 

study confirms that higher BCS is associated with increased 

milk yield and fat content, reinforcing the idea that better 

energy reserves support better lactation performance. An 

increase in BCS indicates greater energy stored in the body, 

which enhances milk production and composition in cross 

bred dairy cows. Conversely, cows with lower BCS exhibit 

reduced milk yields due to insufficient energy intake from 

forages, thus requiring them to mobilize body reserves to 

sustain lactation. These findings highlight the importance of 

maintaining an optimal BCS to enhance milk yield and 

composition, ensuring efficient energy utilization and sus-

tained lactation performance in dairy cows. 

7. Conclusions 

This study confirms that BCS significantly influences milk 

yield and composition in cross bred dairy cows under tropical 

conditions. Higher BCS values were associated with in-

creased milk production and milk composition (fat, protein, 

and lactose), highlighting the importance of maintaining an 

optimal energy balance through out the lactation period. The 

effects of BCS varied across lactation stage, parity, and age, 

reinforcing the need for targeted nutritional management 

strategies to optimize productivity. 

The interaction between body condition score (BCS), age, 

parity, and lactation stage significantly influence on milk yield 

and milk composition in cross bred dairy cows. The ability 

and efficiency of mobilizing energy reserves during early 

lactation declines as increase in age and number of parities. 

These findings highlight the importance of considering the 

combined effects of BCS, age, parity, and lactation stage in 

establishment of nutritional management strategies that op-

timizes milk production. 
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8. Recommendations 

Based on the findings of the study it is recommended that 

dairy cattle farmers and farm managers should regularly 

monitor BCS and maintain cows within the optimal BCS 

range (2.8–3.5). Visual assessment of body condition should 

be integrated into daily herd management, as prominent ribs, 

sharp hip bones, and lack of fat covering indicate poor energy 

balance, while excess fat deposition around the tail head and 

back suggests over feeding and potential metabolic disorders. 

Nutritional adjustments should be prioritized for cows in early 

lactation to prevent excessive weight loss and sustain milk 

yield, while older cows (above six years) require feeding 

strategies that can counteract decline of metabolic efficiency. 

Parity-based feeding strategies should be adopted to ensure 

that younger cows receive balanced nutrition to support both 

growth and lactation. Additionally, selection for cows with 

high milk yield persistency without excessive BCS loss 

should be integrated into breeding programs to enhance 

productivity. BCS should be used as a key indicator of energy 

balance to inform feeding and management decisions to en-

sure sustained milk yield and composition in cross bred dairy 

cows under tropical conditions. Further research is needed to 

explore the long-term effects of BCS fluctuations on fertility, 

metabolic health, and life time milk production in cross bred 

dairy cows under tropical conditions. Studies should also 

investigate optimal nutritional strategies for different parity 

groups to enhance energy balance and milk production effi-

ciency. Additionally, research on the impact of heat stress on 

BCS and its influence on milk composition would provide 

valuable insights for improving dairy management in hot, 

humid climates. 
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