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Abstract

	 This study investigated the effects of varying dietary neutral detergent fibre (NDF) to starch ratios on body 
weight, body condition score and blood biochemical parameters in early lactating crossbred dairy cows. Eighteen 
healthy crossbred cows within 10 days post-calving were randomly allocated to three dietary treatment groups (n=6) in 
a completely randomised design for 90 days. The experimental concentrate mixtures were isonitrogenous (22% crude 
protein) and isocaloric (70% total digestible nutrients), differing only in NDF to starch ratios: T1 (control, 1.58), T2 (2.08, 
25% higher than control), and T3 (1.17, 25% lower than control). All groups were fed a 70:30 concentrate to roughage 
ratio using paddy straw as roughage. Body weight and body condition scores were recorded fortnightly and monthly, 
respectively. Blood samples were collected at the end of the trial to assess serum glucose, total protein, blood urea 
nitrogen, calcium and phosphorus concentrations. Results showed no significant differences in body weight amongst 
treatment groups throughout the study period (P>0.05), with final mean values of 415.33±16.65, 387.67±16.34 and 
418.00±19.10 kg for T1, T2 and T3, respectively. Body condition scores remained within the optimal range (2.87-3.23) 
with no between-treatment differences (P>0.05), although T3 showed significant improvement over time (3.08 to 3.20; 
P=0.008). Blood biochemical parameters including glucose (59.48-67.84 mg/dL), total protein (7.78-8.15 g/dL), blood 
urea nitrogen (26.39-29.14 mg/dL), calcium (8.78-8.94 mg/dL) and phosphorus (6.09-7.16 mg/dL) remained within 
normal physiological ranges with no significant differences amongst treatments. The study concluded that varying NDF 
to starch ratios within the tested range (1.17-2.08) did not adversely affect body weight maintenance or blood metabolite 
profiles, while the low NDF: starch ratio (1.17) improved body condition during early lactation in crossbred cows. 
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	 Early lactation represents a critical phase in the production cycle of dairy cows, characterised by elevated 
energy demands for milk synthesis concurrent with limited dry matter intake capacity. During this period, cows 
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commonly experience negative energy balance, resulting 
in the mobilisation of body reserves to meet the energy 
deficit (Ensminger et al., 1990). The dietary balance 
between structural carbohydrates, represented by neutral 
detergent fibre (NDF) and non-structural carbohydrates, 
primarily starch, plays a crucial role in determining nutrient 
utilisation efficiency, rumen health and overall production 
performance in lactating dairy cattle (NRC, 2001).

	 Neutral detergent fibre provides the physical 
stimulus necessary for rumination and maintenance 
of optimal rumen pH, whilst starch serves as a rapidly 
fermentable energy source for both microbial protein 
synthesis and propionate production (NRC, 2001). The 
ratio between these two carbohydrate fractions influences 
rumen fermentation patterns, volatile fatty acid profiles, 
and the efficiency of energy utilisation (Beckman and 
Weiss, 2005). Previous research has demonstrated varied 
responses to alterations in dietary NDF to starch ratios, 
with effects observed on milk production, milk composition, 
and nutrient digestibility. However, the specific impacts on 
body weight dynamics, body condition maintenance, and 
blood metabolite profiles during the critical early lactation 
period remain inadequately characterised, particularly in 
crossbred dairy cattle under tropical production systems.

	 Body weight and body condition score serve 
as practical indicators of energy balance and nutritional 
adequacy in lactating cows. Blood biochemical parameters, 
including glucose, total protein, blood urea nitrogen and 
mineral concentrations, provide insights into metabolic 
status, protein metabolism, and mineral homeostasis. 
Understanding how dietary NDF to starch ratios influence 
these parameters can inform more precise nutritional 
management strategies during early lactation. The present 
study was therefore undertaken to evaluate the effects 
of varying dietary NDF to starch ratios on body weight, 
body condition score, and selected blood biochemical 
parameters in early lactating crossbred cows. 

	 The study was conducted at the University 
Livestock Farm and Fodder Research Development 
Scheme, Mannuthy, Kerala Veterinary and Animal 
Sciences University, Thrissur, Kerala, India. Eighteen 
healthy crossbred dairy cows in early lactation, within 10 
days post-calving, were selected for the experiment. The 
animals were randomly divided into three groups of six 
animals each, following a completely randomised design. 
All experimental cows were maintained in a single well-
ventilated shed under uniform housing and management 
conditions throughout the 90-day experimental period.

	 Three isonitrogenous (22% crude protein) and 
isocaloric (70% total digestible nutrients) concentrate 
mixtures differing in NDF to starch ratios were formulated 
in pelleted form. The dietary treatments were: T1 (control) 
with an NDF to starch ratio of 1.58; T2 with an NDF to 
starch ratio of 2.08 (25% higher than T1); and T3 with an 

NDF to starch ratio of 1.17 (25% lower than T1). Paddy 
straw was provided as roughage source. All experimental 
animals were fed according to Indian Council of Agricultural 
Research feeding standards (ICAR, 2013) with diet 
consisting of 70 per cent concentrate and 30 per cent 
roughage. Daily feed allowance was revised fortnightly 
based on recorded body weights. Clean drinking water 
was offered ad libitum throughout the study period. The 
ingredient and chemical composition of experimental 
feeds are given in table 1 and table 2 respectively.
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Table 1. Ingredient composition of compound feed 
mixture offered to cows maintained on three 
dietary treatments

Ingredient
Per cent composition of 

compound feed mixtures
T1 T2 T3

Yellow maize 20 10 31
Corn gluten fibre 17 26 1
De oiled rice bran 15 26 23
Rice polish 8 8 8
Coconut oil cake 16 10 10
Groundnut oil cake 5 5 5
Alfalfa meal 15 11 18
Calcite 2 2 2
Salt 1 1 1
Mineral mixture 1 1 1
Total 100 100 100

	 The chemical analysis of concentrate feed and 
paddy straw samples were conducted as per AOAC, 2016. 
The fibre fractions were estimated using detergent method 
(Goering and Van Soest, 1970).

	 The body weight of experimental animals 
was recorded at the commencement of the feeding trial 
and subsequently at fortnightly intervals throughout the 
experimental period using a platform weighing scale. Body 
condition scores were recorded monthly using a five-point 
scale (Smijisha, 2012), ranging from one (emaciated) to 
five (obese). Feed and roughage allowances were adjusted 
fortnightly based on the recorded body weights.

	 Blood samples were collected from each cow 
towards the end of the feeding trial via jugular venipuncture 
into plain vacutainer tubes. Samples were allowed to clot 
at room temperature and then centrifuged at 3000 rpm for 
15 minutes to separate serum. The serum was stored at 
-20°C until analysis. Serum glucose concentration was 
estimated using the glucose oxidase-peroxidase (GOD-
POD) method (Trinder, 1969). Total protein was determined 
following the procedure of Jong and Vegeter (1950). 
Blood urea nitrogen was measured using the modified 
Berthelot method. Serum calcium (Morin,1974) and 
phosphorus (Fiske and Subbarow, 1925) concentrations 
were estimated using commercially available diagnostic 



kits following standard protocols. All these parameters 
were analysed using Alpha Chem 100 semi-automated 
biochemistry analyser.

	 Data collected on various parameters were 
subjected to statistical analysis following standard 
procedures (Snedecor and Cochran, 1994) in SPSS 
software version 24. Comparison of Body weight between 
group was done by using one-way ANOVA and between 
period within each group was done by using repeated 
measures ANOVA followed by least significant difference 
test (LSD) for pair wise comparison. Comparison of 
BCS between group was done by using Kruskal Walli’s 
ANOVA and between period within each group was done 
by using Friedman’s test followed by Dunn’s for pair wise 
comparison. Results are expressed as mean ± standard 
error.

	 The fortnightly average body weights of 

experimental animals are presented in Table 3. Initial body 
weights were comparable across treatments (P=0.806), 
with mean values of 408.00 ± 12.73 kg (T1), 399.17 ± 
18.21 kg (T2), and 415.33 ± 20.10 kg (T3). Throughout 
the 12-week experimental period, between-treatment 
comparisons revealed no significant differences (P>0.05) 
at any fortnight, indicating that dietary NDF:starch ratio did 
not influence body weight maintenance.

	 Analysis of within-treatment changes over time 
showed that T1 animals exhibited a marginal increase 
in body weight (P=0.050), while T2 and T3 groups 
maintained stable weights throughout the study (P>0.05). 
These findings suggest that all three experimental rations 
adequately supported the maintenance requirements of 
early lactating crossbred cows without causing significant 
body weight loss, which is particularly important during 
the critical early lactation period characterised by negative 
energy balance.

Table 2. Chemical composition of the concentrate feed and paddy straw fed to the experimental animals, %

Parameters T1 T2 T3 Paddy straw
Moisture 8.26±0.05 8.21±0.08 8.19±0.04 6.09±0.24

Dry matter (DM) 91.74±0.05 91.79±0.07 91.81±0.04 93.91±0.24
Crude protein (CP) 21.75±0.06 22.11±0.05 22.22±0.05 2.98±0.08
Ether extract (EE) 4.64±0.05 4.26±0.03 3.99±0.03 1.06±0.03

Total ash (TA) 9.96±0.06 12.02±0.03 11.17±0.07 15.87±0.17
Neutral detergent fibre (NDF) 36.42±0.13 42.19±0.13 33.61±0.27 68.22±0.59
Acid detergent Fibre (ADF) 11.60±0.06 14.61±0.26 12.80±0.55 46.11±0.55
Acid detergent lignin (ADL) 1.05±0.03 1.08±0.03 1.25±0.06 5.28±0.42

Non fibrous carbohydrates (NFC) 27.23±0.16 19.42±0.19 29.02±0.28 11.87±0.67
Calcium 1.24±0.01 1.24±0.02 1.30±0.02 0.28±0.22

Phosphorus 0.67±0.06 0.87±0.01 0.75±0.02 0.09±0.07
Total digestible nutrients (TDN)* 71.89 70.28 71.23 _

Starch 23.03±0.11 20.31±0.18 28.64±0.11 _
NDF: Starch ratio* 1.58 2.08 1.17 _

Mean ± SE of six observations, values from third row onwards in dry matter basis 
* Calculated values

Table 3. Fortnightly average body weight of the experimental animals maintained on the three experimental rations, kg

Fortnights 
Dietary treatments F-value

(P-value)T1 T2 T3
Initial 408.00ab ± 12.73 399.17 ± 18.21 415.33 ± 20.10 0.806ns

1 404.00b ± 15.64 388.83 ± 17.23 410.67 ± 19.58 0.673ns

2 407.67b ± 15.93 384.33 ± 15.43 409.67 ± 18.77 0.510ns

3 413.50ab ± 16.70 384.50 ± 16.93 415.33 ± 19.57 0.410ns

4 411.00ab ± 14.9 385.50 ± 16.17 420.33 ± 18.39 0.332ns

5 414.33a ± 16.05 382.00 ± 16.07 415.17 ± 18.16 0.310ns

6 415.33a ± 16.65 387.67 ± 16.34 418.00 ± 19.10 0.416ns

F-value
(P-value) 0.050* 0.095ns 0.125ns

Values are mean ± SE of six observations; P>0.05 (non-significant), *values with different superscript in a column differ significantly 
(P<0.05).
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sufficient to support milk production requirements during 
early lactation without compromising body condition.

	 Blood biochemical parameters, including serum 
glucose, total protein, blood urea nitrogen, calcium and 
phosphorus concentrations, are presented in Table 5. 
Statistical analysis revealed no significant differences 
(P>0.05) amongst treatment groups for any of the 
measured parameters, indicating that varying dietary 
NDF to starch ratios did not significantly influence blood 
metabolite profiles or mineral homeostasis in early lactating 
crossbred cows.

	 Serum glucose concentrations for T1, T2 and T3 
were 67.84, 59.67 and 59.48 mg/dL, respectively, with no 
significant differences amongst treatments. These values 
fall within the normal physiological range for lactating 
dairy cattle (45-75 mg/dL, Kaneko et al., 2008), indicating 
adequate energy status across all dietary treatments. These 
findings are consistent with Ranathunga et al. (2010) and 
Rottman et al. (2015) who reported no effects of varying 
NDF to starch ratios on plasma glucose concentrations.

	 Serum total protein concentrations ranged from 
7.78 to 8.15 g/dL across treatments, with no significant 
differences observed. These values are within the normal 
physiological range for dairy cattle (6.0-8.5 g/dL, Cozzi 
et al., 2011), suggesting adequate protein nutrition and 
normal protein metabolism across all experimental groups. 
The similar total protein concentrations across treatments 
indicate that variations in carbohydrate composition did not 
adversely affect protein metabolism or nutritional status. 
These results were consistent with the studies of Chacko 
(2015) and Akhlaghi et al. (2022), in which the serum 
total protein showed similar values across the treatment 
groups.

	 Blood urea nitrogen concentrations for T1, T2 
and T3 were 26.39, 29.14 and 27.12 mg/dL, respectively, 
with no significant differences amongst treatments. These 
values fall within the normal range for lactating dairy cattle 
and are consistent with the findings of Ranathunga et al. 
(2010) and Zambom et al. (2012), who reported no effects 
of varying NDF to starch ratios on blood urea nitrogen. The 
similar BUN concentrations across treatments suggest 
balanced nitrogen metabolism, with no indication of 

	 The present results are in agreement with several 
previous studies investigating the effects of varying NDF to 
starch ratios on body weight. Beckman and Weiss (2005) 
evaluated NDF to starch ratios of 0.74, 0.95 and 1.27 in 
lactating dairy cows and reported no effect on body weight 
change. Rottman et al. (2015) found no effect on body 
weight when cows were fed rations with NDF to starch 
ratios of 0.93, 1.16 and 1.28. Tharangani et al. (2020) also 
reported that body weights were unaffected when cows 
received ratios of 0.7, 1.0 and 1.3. 

Table 4. 	Monthly average body condition score of the 
experimental animals maintained on the three 
experimental rations, %

Months 
Dietary treatments

P-value
T1 T2 T3

Initial 3.03 ± 0.19 2.87 ± 0.16 3.08b ± 0.11 0.449ns

1 3.07 ± 0.18 2.90 ± 0.15 3.17ab ± 0.12 0.380ns

2 3.07 ± 0.17 2.93 ± 0.14 3.23a ± 0.14 0.287ns

3 3.15 ± 0.16 2.93 ± 0.15 3.20a ± 0.12 0.334ns

P-value 0.087ns 0.587ns 0.008**
Values are mean ± SE of six observations; P>0.05 (non-
significant), **values with different superscript in a column differs 
significantly (P<0.01).

	 Body condition score remained similar across all 
treatment groups throughout the study period, ranging from 
2.87 to 3.23 (Table 4), which falls within the optimal range 
for lactating dairy cows. Although no significant differences 
(P>0.05) were observed between treatments at any time 
point, within-treatment analysis revealed that T3 animals 
showed a significant improvement in body condition score 
from 3.08 to 3.20 (P=0.008) over the three-month period, 
while T1 and T2 maintained stable scores.

	 The improvement in body condition in T3 can 
be attributed to the lower NDF: starch ratio (1.17), which 
provided a more energy-dense ration. This is consistent 
with the findings of Chacko (2015), who reported 
maintained body condition in cows fed paddy straw-based 
complete rations. The maintenance of adequate body 
condition scores across all treatments indicates that none 
of the experimental rations caused excessive mobilization 
of body reserves, suggesting that energy supply was 

Table 5. Blood biochemical parameters of the experimental animals maintained on the three experimental rations, %

Parameters
Dietary treatments

P value
T1 T2 T3

Glucose (mg/dL) 67.84±2.87 59.67±3.48 59.48±1.02 0.070
Total protein (g/dL) 8.00±0.38 8.15±0.28 7.78±0.16 0.671

Blood urea nitrogen (mg/dL) 26.39±1.51 29.14±2.00 27.12±1.59 0.515
Calcium (mg/dL) 8.90±0.30 8.78±0.24 8.94±0.16 0.888

Phosphorus (mg/dL) 7.16±0.46 6.62±0.55 6.09±0.25 0.246
Values are mean ± SE of six observations; P>0.05 (non-significant)
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excessive protein degradation or inadequate microbial 
protein synthesis in any dietary group.

	 Serum calcium concentrations ranged from 
8.78 to 8.94 mg/dL, whilst phosphorus concentrations 
ranged from 6.09 to 7.16 mg/dL across treatments, with 
no significant differences observed for either mineral. 
Both calcium and phosphorus concentrations remained 
within normal physiological ranges for lactating dairy 
cattle, indicating adequate mineral nutrition and normal 
mineral homeostasis across all dietary treatments. These 
findings suggest that variations in dietary NDF to starch 
ratios did not adversely affect calcium and phosphorus 
absorption, metabolism or retention. The maintenance of 
normal mineral status is particularly important during early 
lactation when demands for these minerals are elevated 
due to milk production and potential mobilisation of skeletal 
reserves.

Summary

	 Dietary NDF to starch ratios (1.17, 1.58 and 2.08) 
in isonitrogenous and isocaloric concentrates fed with 
paddy straw had no significant effect on body weight, body 
condition score, or blood biochemical parameters in early 
lactating crossbred cows. Hence, the NDF to starch ratios 
between 1.2 and 2.0 can be safely used in early lactation 
rations without compromising metabolic health or body 
condition.
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