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Abstract: A retrospective analysis of % crude protein (% CP) content was conducted on 410
commercial concentrate feed samples (2018-2022) analyzed at the Animal Nutrition Laboratory,
Bhutan. CP was determined using the Kjeldahl method and compared against Minimum Nutrient
Requirement Standards (MNRS, BSAF 2025). Overall, 52.92% of samples met MNRS, while
47.08% were below standard. A Python 3 software (spicy, numpy, matplotlib) was run to test for
Shapiro-Wilk (normality); Levene’s test (homogeneity); Kruskal-Wallis H test (non-parametric
ANOVA equivalent); Dunn’s post-hoc test with Bonferroni correction; one-sample Wilcoxon
signed-rank test with a = 0.05 throughout to assess the variation of % CP against MNRS.
Kruskal-Wallis test showed significant differences among 13 feed sub-categories (H = 83.77, p <
0.001). Piggery feeds had significantly lower CP than cattle and poultry feeds (p < 0.001), while
no difference existed between cattle and poultry. Dunn’s test confirmed that all significant
pairwise differences involved pig feeds. Wilcoxon tests showed sow ration and pig starter were
significantly below MNRS. These findings indicate systemic protein deficiency in pig feeds and
highlight the need for improved feed formulation and regulatory control.
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1. INTRODUCTION

Livestock rearing has been an integral part of
farming in Bhutan. The availability of quality
feeding resources in adequate quantity is critical
to deriving optimal production from animals
(Namgay 2013). Proper management of feeding
resources can lower costs by improving feed
efficiency. Feed quality is assessed through
laboratory analysis and helps to understand the
nutritive value of feed provided to animals
(Zaroug 1985). Over the years, the demand for
commercial concentrate feed has increased
markedly due to the expansion of livestock
farms across the country. By 2022, the cattle,
poultry, and piggery populations had increased
relative to baseline levels (DoL Annual Report
2022), resulting in the establishment of four
additional feed mills, bringing the total to 10
mills nationwide, with only five operating in

2026. This rapid expansion of the feed industry
and its difficulty in withstanding market
requirements raises important concerns

regarding consistency and adequacy of feed
quality, particularly in terms of meeting
minimum nutrient standards.

The nutrient utilization theory, first described by
Antoine Lavoisier (Saha and Pathak 2021),
establishes that livestock productivity declines
when diets are deficient in essential nutrients.
Feed quality is therefore a key determinant of
animal health, growth, productivity, and farm
economics. Nutrient-dense feeds have higher
nutritive and economic value and support
efficient feed conversion and production of high-
value animal protein (Baris 2023).

Dietary crude protein (CP) is critical for protein
synthesis and overall physiological function.
Rocha et al. (2022) report that inadequate CP
intake, even in the presence of balanced essential
amino acids, limits the synthesis of non-essential
amino acids, resulting in reduced growth,
production, health, and reproductive
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performance. In dairy cattle, CP adequacy is
necessary to sustain rumen microbial activity,
metabolizable protein flow, and milk production
(NRC 2001). In poultry, lower level of CP result
in a significant increase in feed conversion ratio
(FCR), reducing economic return (Badawi et al.
2019). In swine, low dietary CP leads to
increased fat deposition as the energy cannot be
utilized for lean tissue synthesis due to
insufficient nitrogen availability (Rocha et al.
2022; Wang et al. 2018).

Despite  these  recognized  consequences,
literature on commercial livestock feed quality
in Bhutan remains scarce. An early study by
Nidup and Wangchuk (2007), based on limited
data from 2007, provided baseline evidence that
domestically produced broiler feeds did not meet
CP requirements by an average of 1.31% for
broiler starter. More broadly, Wangchuk and
Dorji (2008), Namgay (2018), and Wangdi et al.
(2022) noted persistent concerns about the
guality and adequacy of livestock feeding
resources in the country. However, no
comprehensive systematic assessment of CP
content across all commercial feed types in
Bhutan has been published to date.

This knowledge gap, i.e the lack of documented
evidence on whether commercial concentrate
feeds in Bhutan consistently meet the MNRS for
CP, forms the basis of the present study. The
MNRS for %CP is established in the Bhutan
Standards for Animal Feeds 2025 (BSAF 2025)
(DoL 2025), a regulatory standard endorsed by
the Department of Livestock (DoL) for
implementation by feed millers and importers to
ensure that all feeds produced and imported
meet the minimum nutrient requirements of
livestock. The BSAF 2025 specifies MNRS for
%CP for all livestock types and their sub-
categories (refer Table 1). This study, therefore,
aimed to retrospectively assess the CP quality of
commercial concentrate feed samples analyzed

by the Animal Nutrition Laboratory (ANL) from
2018 to 2022, by comparing measured %CP
values against the MNRS in BSAF 2025.

2. MATERIALS AND METHODS
2.1 Study area and sample origin
This study involved commercial concentrate

feed samples submitted from dairy, poultry, and
piggery farms under DoL. Feed was supplied to
the livestock farms by domestic feed millers
following the annual animal feed tender process.
Laboratory analyses of feed samples were
carried out at the ANL, which is under the
National Development Centre for Animal
Nutrition (NDCAN), Bumthang. The study
period corresponds to the 12" Five Year Plan
(12" FYP) of Bhutan, covering 2018 to 2022.

2.2 Data collection and sample selection
A retrospective study of laboratory records was

conducted. From the ANL database, a total of
410 commercial concentrate feed sample results
were identified and included in the analysis.
Samples were included if they had (i) a recorded
laboratory result for %CP, and (ii) clear
identification of feed type, livestock type, and
sub-category (i.e., animal stage). Samples with
incomplete or unclear information on feed type,
livestock type, or sub-category were excluded
from the analysis. These feed samples were
submitted by different livestock farms under
DoL between 2018 and 2022 for routine quality
monitoring  purposes. The 410 samples
represented 13 sub-categories spanning cattle,
poultry, and piggery feeds.

2.3 Analytical method

All samples were analyzed for CP content at
the ANL using the Kjeldahl method
(Association of Official Analytical Chemists
[AOAC] 2005). The procedure involved three
steps: (i) Digestion: samples were digested in
concentrated sulfuric acid (H2SOa.) at high
temperature (~420°C) in the presence of a
catalyst (potassium sulfate and copper sulfate)
to convert organic nitrogen to ammonium
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sulfate; (ii) Distillation: the digested sample
was made alkaline by addition of sodium
hydroxide (NaOH), and ammonia released
was steam-distilled into a boric acid receiving
solution; and (iii) Titration: the ammonia in
the boric acid solution was titrated against
standardized hydrochloric acid (HCI) to
determine nitrogen content. Quality control
measures applied included: analysis of
duplicate samples for each sample analysis.
The nitrogen content (%) thus determined was
converted to %CP by multiplying by the
protein conversion factor of 6.25. All
duplicate results were averaged before further
analysis.

2.4 Comparison with MNRS and
statistical analysis

The MNRS for %CP for each feed sub-category
was obtained from the BSAF 2025 (DoL 2025).
Simple descriptive statistical analysis was
carried out using excel. All statistical analyses
were performed using Python 3 (SciPy v1.x;
Virtanen et al., 2020) package. Differences in
%CP across feed sub-categories were assessed
using the Kruskal-Wallis test, a non-parametric
equivalent of one-way ANOVA (Kruskal &
Wallis, 1952) and then followed by Dunn's post-
hoc test with Bonferroni correction (Dunn,
1964).

3. RESULTS AND DISCUSSION

3.1 Descriptive statistics of the study

Table 1 presents the descriptive statistics/ data
of the study. Of the total 410 samples, 84
samples were from cattle feed sub-categories
(cattle concentrate, milk ration and calf feed),
92 samples from poultry feed (chick starter,
grower, layer and breeder) and 234 samples
were from pig feeds (creep, starter, grower,
finisher, sow and boar/ gilt).

Basic comparison of test results to the MNRS
showed that only 36.4% of creep feed,
followed by 41.1% of pig starter, 41.2 chick
starter and 43.3% of sow ration met the
MNRS for % CP. More than 50% of the
samples from other feed categories met their
respective MNRS for % CP. Further, highest

standard deviation in %CP was observed in
Creep feed followed by pig starter at 14.67+
7.02 and 14.44 * 4.89, respectively.

3.2 Normality testing (Shapiro-Wilk)

This analysis revealed that three of 13 sub-
categories deviated significantly from a
normal distribution, and Levene's test
confirmed heterogeneous variance across
groups (Table 2). The non-parametric
Kruskal-Wallis test was therefore the
appropriate choice over one-way ANOVA.

3.3 The Kruskal-Wallis test

The Kruskal-Wallis (Figure 1) test showed
highly significant differences in %CP across
all 13 sub-categories (H=83.77, df=12,
p<0.001), and across the three feed types
(H=62.26, df=2, p<0.001).

3.4 Dunn’s post-hoc test (Bonferroni)

The Dunn's post-hoc test (Bonferroni)
identified 13 of 78 pairwise comparisons as
significant. All significant contrasts involved
piggery feeds (especially Sow Ration, Pig
Starter, Pig Grower, and Pig Finisher) versus
cattle or poultry feeds with higher %CP. No
significant differences were found within
cattle or within poultry sub-categories (Table
3and 4).

The test showed that by livestock type,
piggery %CP was significantly lower than
both cattle (p<0.001) and poultry (p<0.001).
Cattle and poultry did not differ significantly
from each other (p=0.584).

3.5 Wilcoxon signed-rank tests

The Wilcoxon signed-rank tests against
MNRS revealed that Sow Ration (p=0.012)
and Pig Starter (p=0.036) were significantly
below their respective MNRS, while Boar/Gilt
(p=0.001) and Calf Feed (p=0.031) were
significantly above their MNRS. The
remaining nine sub-categories did not show
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Table 1: Descriptive statistics for %CP in each feed sub-category.

Feed Sub- Type Mean = SD Median Min  Max >MNRS <MNRS % Meeting MNRS
category (%CP) (n) (n) MNRS (%CP)
Cattle Cattle 56 15.69+3.83 15.99 7.24  23.40 35 21 62.5% 15
Concentrate

Milk Ration Cattle 22 18.42+1.88 18.69 15.00 21.89 13 61.9% 18
Calf Feed Cattle 7 1777 +150 17.30 1549 19.86 85.7% 16
Chick Starter  Poultry 17 1841+1.91 18.85 13.58 22.48 10 41.2% 19
Chick Grower  Poultry 14 16.47 +2.68 16.59 952 20.71 10 4 71.4% 16
Layer Poultry 43 17.39+3.55 17.51 8.21 29.13 27 16 62.8% 17
Breeder Poultry 17 17.52 + 3.60 16.75 12.62 24.75 10 7 58.8% 16
Sow Ration Piggery 60 12.40+4.48 12.20 251 2239 26 34 43.3% 14
Creep Feed Piggery 11 1467 +7.02 18.69 576 2441 4 7 36.4% 20
Pig Starter Piggery 56 14.44 +4.89 14.55 297 23.06 23 33 41.1% 16
Pig Grower Piggery 39 13.73+4.70 14.31 290 2475 21 18 53.8% 14
Pig Finisher Piggery 54 13.32+4.49 14.31 312  22.05 29 25 53.7% 13
Boar/Gilt Piggery 14 15.70+1.81 15.15 13.63 20.71 14 0 100.0% 13

MNRS = Minimum Nutrient Requirement Standard; SD = standard deviation calculated with n—1 (unbiased).
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Table 2: Shapiro—Wilk test for normality on each feed sub-category.

Feed Sub-category p-value Result
Cattle Concentrate 0.2457 Normal
Milk Ration 0.6144 Normal
Calf Feed 0.6797 Normal
Chick Starter 0.1151 Normal
Chick Grower 0.1748 Normal
Layer 0.0205* Non-normal
Breeder 0.3666 Normal
Sow Ration 0.5431 Normal
Creep Feed 0.0393* Non-normal
Pig Starter 0.3855 Normal
Pig Grower 0.7347 Normal
Pig Finisher 0.4909 Normal
Boar/Gilt 0.0028** Non-normal

* p<0.05; ** p<0.01. Three sub-categories (Layer, Creep Feed, Boar/Gilt) showed significant
departure from normality.

Figure 1. Distribution of %CP by Feed Sub-category with MNRS Benchmarks
(Kruskal-Wallis: H=83.77, p<0.001)
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Figure 1: Kruskal-Wallis Test; distribution of % CP by feed sub-category with MNRS
Benchmarks.
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Table 3: Comparison of %CP across three feed types.

Livestock Type

Mean + SD (% CP)

Dunn vs Piggery

Cattle
Poultry

Piggery

16.54 + 3.50 p < 0.001 ***
17.46 + 3.19 p < 0.001 ***
13.63 +4.70 Reference

Cattle vs. Poultry: Z=1.30, p_bonf=0.584 (ns). *** = p<0.001.

Table 4: Dunn’s post-hoc test and statistical significance at p<0.05 in pig feed sub-category.

Group A Group B p (Bonferroni)
Cattle Concentrate Sow Ration 0.0109
Milk Ration Sow Ration <0.0001
Milk Ration Pig Starter 0.0064
Milk Ration Pig Grower 0.0012
Milk Ration Pig Finisher <0.0001
Chick Starter Sow Ration <0.0001
Chick Starter Pig Starter 0.0173
Chick Starter Pig Grower 0.0035
Chick Starter Pig Finisher 0.0004
Layer Sow Ration <0.0001
Layer Pig Grower 0.0147
Layer Pig Finisher 0.0006
Breeder Sow Ration 0.0084

statistically significant deviation from their
MNRS at 0=0.05, although Creep Feed
showed a large negative mean deviation
(—5.33%) with borderline significance
(p=0.063, n=11). This is presented in Table
5.

These statistical results confirm and
strengthen the descriptive findings of the
study that piggery feeds, particularly Sow
Ration and Pig Starter, consistently fall short
of MNRS for %CP at a statistically
significant level, and the variability of %CP
in piggery feeds is substantially greater than
in cattle or poultry feeds.

The impact of lower level of CP content in
feed can be substantial over time, primarily
through compromised animal productivity.
Limiting amino acid  requirements,
particularly for lysine, threonine, sulfur-
containing amino acids, tryptophan, and
valine, increase on low CP diets in both pig
and poultry, as the demand for nitrogen for
endogenous  non-essential amino  acid
synthesis rises when dietary CP is
inadequate (Wang et al. 2018). In dairy
cattle, CP adequacy is essential for
sustaining rumen fermentation and microbial
protein synthesis; low CP diets result in
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Table 5. One-sample Wilcoxon signed-rank test for each sub-category against its MNRS.

Feed Sub-category MNRS Mean Dev. (%CP) W stat. p-value Sig.
Cattle Concentrate 15 +0.69 627.0 0.163 ns
Milk Ration 18 +0.42 86.0 0.305 ns
Calf Feed 16 +1.77 1.0 0.031 *
Chick Starter 19 —-0.59 515 0.236 ns
Chick Grower 16 +0.47 33.0 0.221 ns
Layer 17 +0.39 364.5 0.277 ns
Breeder 16 +1.52 49.0 0.193 ns
Sow Ration 14 -1.59 553.0 0.012 *
Creep Feed 20 -5.33 9.0 0.063 nst
Pig Starter 16 -1.56 540.5 0.036 *
Pig Grower 14 -0.27 374.0 0.823 ns
Pig Finisher 13 +0.32 658.0 0.467 ns
Boar/Gilt 13 +2.70 0.0 0.001 **

* p<0.05; ** p<0.01; ns = not significant; ¥ n=11 (small sample, interpret with caution

deficiency of both rumen-degradable protein
and rumen-undegradable protein, decreasing
metabolizable  energy  and protein
availability and reducing milk yield (NRC
2001). Imaizumi et al. (2002) reported that
increasing dietary CP from 15 to 16% and
from 19 to 20% resulted in milk yield
increases of 0.94 and 042 kg/d,
respectively.

The findings of this study indicate that CP
content is a significant area of non-
compliance in the Bhutanese commercial
livestock feed sector. The higher variability
observed in pig feeds suggests inconsistent
formulation practices which could be driven
by variability in raw material quality. Given
that protein is one of the most expensive
feed components, economic constraints may
lead to under-formulation.

However, it should be acknowledged that
CP is one of several nutritional parameters,
and that compliance or non-compliance with
CP alone does not fully characterize overall
feed quality; energy content and other
nutrients may independently meet or fail to

meet standards. Nonetheless, given that CP
is among the most critical and costly
nutrients in feed formulation, and is part of
the MNRS in BSAF 2025, these findings
justify the prioritization of CP monitoring in
the regulatory framework.

4. CONCLUSION AND
RECOMMENDATIONS

A significant proportion (47.08%) of
commercial concentrate feed samples
analyzed at the ANL during the 12" FYP
period (2018-2022) did not meet the MNRS
for %CP as stipulated in BSAF 2025.
Piggery feeds showed the highest rate of
non-compliance. The range of CP deficit in
non-compliant samples was wider than the
range of CP excess in compliant samples,
suggesting greater inconsistency in under-
formulated feeds. These findings indicate
that inconsistencies in feed quality exist
within the Bhutanese commercial feed
industry and that strengthened monitoring
and quality assurance measures are urgently
required.

Based on these findings, the following
recommendations are made:
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e Regulatory agencies should
implement monthly random
inspection of feed mills and
mandatory pre-market testing of
commercial feeds to improve CP
compliance.

e Feed mills should be required to
employ qualified animal nutritionists
and establish in-house feed testing
facilities to strengthen formulation
accuracy and quality control.

e Since most feed raw materials are
imported, millers  should be
supported to establish procurement
protocols that ensure raw material
quality,  including  testing  of
incoming ingredients for CP content
prior to use in formulation.

e Monitoring of CP content in
commercial  feeds should be
systematically expanded and
prioritized, with  results made
available to feed millers as feedback
to guide formulation improvements.

e Future feed quality assessments
should include additional nutritional
parameters such as energy content,
fiber, and micronutrients, to provide
a more comprehensive evaluation of
commercial feed quality in Bhutan.
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