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ABSTRACT

	 Poultry farming plays a crucial role in agriculture, impacting both nutrition and the economy 
of a country. Since the quality of poultry products directly affects the consumer’s health, regular 
assessment of commercial feeds is essential for both product safety and poultry health. Proximate 
analysis offers a convenient method to assess feed quality without harming poultry birds. This study 
examined total 15 feed samples of three categories i.e., starter, grower, and house feed available in 
Chattogram, Bangladesh. The samples were analyzed for moisture, ash, crude protein, crude fat, 
carbohydrates, metabolizable energy, minerals, and potential toxic metals such as Cr, Cd, Pb with 
results compared against international standards. Moisture content met recommended guidelines, not 
exceeding 12%, and ash content ranged from 4.20% to 10.87%. Crude protein levels varied between 
8.05% and 28.18%, averaging 18.38%, with some discrepancies relative to international guidelines. 
Crude fat (2.75%–6.39%) and carbohydrates (50.08%–67.74%) were found to be satisfactory. Minerals 
and heavy metals were mostly within recommended levels, with one sample showing 0.52 mg/kg of 
Cd, while Cr and Pb were below detection limit. The results indicate the overall nutritional proficiency 
of commercial poultry feeds though stricter guidelines are recommended for better compliance with 
international regulations.
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INTRODUCTION

	 Poultry farming is one of the prominent 
sectors in agriculture. The quality of poultry products 
such as eggs, meats etc. heavily depends on the 
quality of the feed. The feed primarily consists of 
grains such as, corn, maize, wheat, cake meal, 
sunflower seed, and protein products such as, fish 
meal, meat and bone meal1. In Bangladesh, raw 
materials for feed production are not adequate, 
and approximately 80% of feed ingredients are 
imported from other countries. Moreover, most 
of the feed additives including vitamins, vitamin-
mineral premixes, mold inhibitors, organic acids, 
probiotics etc. are also imported which increase the 
overall production costs. As a result, feed millers 
in Bangladesh tend to reduce the cost either by 
adulterating with low standard ingredients or by 
subtracting important ingredients such as vitamin-
mineral premix, soybean meal, maize, meat and 
bone meal2. 

	 However, nutritional balance in poultry 
feed is a crucial factor as it is directly associated 
with the bird’s health. Any imbalances can possess 
discrepancies in overall poultry production3. 
Deficiency of essential metals can retard bird’s 
growth, shortening and thickening of leg bones, 
poor feathering, anorexia, and mortality4,5. Feed 
additive residues may cause detrimental effects 
on consumers of poultry meat. Also, nutritional 
imbalances particularly in protein, energy, and 
mineral levels may reduce growth rate, poor feed 
conversion, increased fat deposition, poor egg shell 
quality6,7. The balance between energy and protein is 
also an important factor as birds may use protein for 
energy rather than growth, if the amount of energy is 
too low compared to protein8. In Bangladesh, there 
is also a concern that feed manufacturers are using 
tannery trimmings as a low-cost source of meat and 
bone meal. Consequently, people may face health 
complexity due to exposure to organic and inorganic 
pollutants through consumption of poultry products.
"To assess the feed quality proximate analysis is 
an important tool"9,10. It provides ease of assessing 
different parameters without hurting birds’ health. The 
determination of crude protein, fat, carbohydrates, 
moisture, ash, and energy helps defining the 
nutritional value and safety of the feed samples11. 
Thus, it is a fundamental approach to evaluate feeds, 

ensuring poultry birds receive adequate nutrition for 
optimal growth.

	 In addition to proximate composition, 
mineral content is also very crucial for feed quality 
evaluation. Calcium and phosphorus are essential 
to build poultry skeletal as well as egg shell, while 
sodium and potassium are required to maintain 
physiological pH12. Iron, copper, manganese, 
and zinc are responsible for optimal growth13. 
Zinc deficiency leads to low feed intake and, 
consequently, low growth rate of birds14. Moreover, 
three heavy metals were investigated in this study 
as the scenario of these metal’s concentration is still 
obscure in Bangladeshi poultry feeds. Cadmium can 
lead to kidney failure, bone damage, prostate cancer 
and genetic mutations15. Additionally, chromium, 
cadmium and lead have detrimental effects on 
human health16.

	 Therefore, it is very crucial to have a 
comprehensive understanding of the nutritional 
quality of feeds, as it is directly associated with 
the animal’s health and overall feed efficiency. In 
this study, we have examined three types of feed 
namely, poultry starter feed (PSF), poultry grower 
feed (PGF), and poultry house feed (PHF). Poultry 
house feed is relatively a new commercial name 
given by the local feed manufacturers, and it is 
mainly used by local chicken vendors at consumer’s 
level. The proximate estimation of poultry house 
feeds in Bangladesh has rarely been reported in 
any study. This study gives an overview of current 
nutritional profiles of commercially available feeds in 
Chattogram, Bangladesh and compared the quality 
with international regulations.

MATERIALS AND METHODS

Sampling Location
	 The study was carried out in the port city 
and second largest city of Bangladesh, Chattogram 
(previously Chittagong) in the south-eastern part of 
the country. Geographically, it serves as a crucial 
link between South and Southeast Asia. The 
city’s position at the intersection of land, sea, and 
ecological areas makes it an engrossing subject 
for interdisciplinary research. Feed samples were 
collected from five locations viz., Aturar Depo, Aman 
Bazar, Bara Dighir Par, Bahaddarhat, and Fotehabad 
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shown in Fig. 1. Being in the city area, these places 
were selected as there is a greater consumption of 
feeds by poultry farming.

Sampling and Analysis
	 One sample of each of the three feed types, 
i.e., poultry starter feed, poultry grower feed, and 
poultry house feed, was collected from each location, 
giving a total of 15 samples. The feeds were labelled 
as PSF-01 to PSF-05 for poultry starter feed, PGF-06 
to PGF-10 for poultry grower feed, and PHF-11 to 
PHF-15 for poultry house feed. The samples used 
in this study were collected directly from the dealers 
or retailers. They were taken in air-tight zipper bags 
immediately after collecting, properly labelled, and 
preserved in cool and moisture-free environment. 
The study was carried out at the laboratory in 
the University of Chittagong, Bangladesh and 
the Phytochemistry Research Division, BCSIR, 
Chattogram-4220. All reagents used in the study 
were of analytical grade, and they were used without 
further purification. OriginPro 2024 and ArcGIS 
10.8 were used for graphical plotting and statistical 
analysis.

Moisture Content (MC)
	 Moisture content was determined by using 
hot air oven process17. About 2 g of feed was taken 
into a crucible and heated at 105℃ till a constant 
weight. The sample was weighed before and after 
heating. Finally, moisture content was measured 
using following formula,

% Moisture Content (MC) = 100 - % DM
Where, W2 = Dry sample weight with crucible, and 
W1 = Empty crucible weight.

Ash Content (AC)
	 About 5 g of dried sample was taken in a 
crucible which was previously cleaned and weighed. 
After that, the crucible was subjected to muffle 
furnace and was heated constantly at 550℃ until 
white ash was obtained. Finally, the crucible was 
kept in a desiccator to cool and then weighed18. 
The following formula was used to calculate the 
percentage of ash on feed,

( ) 2 1%    100W WDry Matter DM
Weight of sample

−
= ×

( ) 2 1%  100W WAsh Content AC
Weight of sample

−
= ×

Where, W2 = Weight of ash and crucible, and W1 = 
Empty crucible weight.

Crude Protein (CP)
	 The micro-Kjeldahl method was used for 
the determination of crude protein. First, the sample 
was digested using concentrated H2SO4 alongside 
a digestion mixture containing K2SO4 and CuSO4. 
After that, the mixture was made alkaline with 40% 
NaOH, and the ammonia released was trapped in 
4% boric acid. It was then titrated against standard 
HCl solution for the estimation of nitrogen. The 
amount of nitrogen percentage was multiplied by 
protein conversion factor i.e., 6.25 to obtain crude 
protein content.

% Crude Protein (CP) = % N × 6.25

Crude Fat (CF)
	 Crude fat content was measured by Soxhlet 
extraction method given by the AOAC (2005)19. About 
4 g of finely ground sample was taken in a cellulose 
thimble which was placed in a round bottom flask 
with 250 mL n-hexane. After that, the flask was 
connected to the Soxhlet extractor. The extraction 
process was continued for 6 hours to complete 
multiple cycles. Finally, the flask was removed from 
the apparatus, cooled, and weighed to calculate 
crude fat. 

Carbohydrates (CH)
	 Carbohydrates of poultry feed sample was 
calculated by subtracting crude protein, crude fat, 
moisture, and ash from 100%. It was calculated using 
following formula20,21.

% Carbohydrates (CH) = 100 - (% CP + % CF + % 
MC + % AC)

	 This indirect method of carbohydrates 
determination assumes that all the remaining mass 
in the feed sample after accounting for crude protein, 
crude fat, moisture, and ash is carbohydrates [11]. 

Metabolizable Energy (ME)
	 The metabolizable energy (ME) of feed 

0.014%  100
( )

Volumeof HCl Normality of HClN
Weight of sample g

× ×
= ×

( )%    100Weight of flask withextract weight of empty flaskCrude Fat CF
Weight of sample

−
= ×
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sample was calculated by crude protein, crude fat, 
and carbohydrates using the following equation22.

ME (kcal/kg) = 32.959 [% CP + (% CF × 2.25) + % 
CH] - 29.20

Preparation of Sample for Metal Determination
	 Metal concentration was measured using 
Atomic Absorption Spectroscopy, iCE 3300, Thermo 
Scientific, UK. Approximately 5–10 g  of the samples 
were first accurately weighed and taken in tared silica 
dish and dried in the laboratory oven at 120℃ [23]. 
The dish was then placed in a muffle furnace, and 
sample was ignited for at least 8 hours at 450℃. The 
ash sample was digested using 50% nitric acid with 
mild heat. After that, the sample was filtered using 
Whatman No. 44 filter paper and taken in a 50 mL 
volumetric flask and diluted to 50 mL with distilled 
water. Freshly prepared standard solutions were 
used for plotting the calibration curves. The elemental 
concentrations were measured by comparing AAS 
reading with the corresponding standard curve. A 
blank experiment was also performed to verify the 
discrepancies in the measurement24. 

Determination of Phosphorus
	 Phosphorus content of feed samples 
was determined by vanadium phosphomolybdate 
colorimetric method. This method is based on a 
reaction with the vanadate-molybdate reagent 
that produces a yellow-orange complex in the 
presence of orthophosphate, and the reaction is 
called Mission’s reaction24. About 5 g of feed sample 
was burned in a muffle furnace. The resulting ash 
was then transferred to a beaker, where 20 mL of 
distilled water, 5 mL of concentrated HNO3 and 12 
mL of concentrated HCl were added. This mixture 
was filtered and transferred to a 250 mL volumetric 
flask and the volume was made up to the mark with 
distilled water. Next, 25 mL of that diluted solution 
was transferred to a 100 mL volumetric flask and 25 
mL of vanadomolybdate reagent was added. It was 
immediately diluted to the volume of 100 mL with 
distilled water. In a similar way, 25 mL of standard 
phosphate solution was taken into another 100 mL 
volumetric flask with 25 mL of the same reagent. 
The mixture was also diluted to 100 mL. The optical 
density of each solution was measured at 420 nm 
in 1 cm cell, 10 minutes after making the dilution. 
The amount of phosphorus was then estimated from 
the difference in extinctions between the two yellow 

solutions and by reference to the calibration graph.

RESULTS AND DISCUSSIONS

	 Moisture content, ash content, crude 
protein, crude fat, and carbohydrates are considered 
as the key consideration of formulating poultry diets. 
The requirements for proximate compositions, 
minerals, and metabolizable energy largely depend 
on several factors including, bird’s age, genotype, 
types of feed, environmental temperature, feed 
ingredients, types of formulation, and the presence 
of interacting nutrients or antinutritional factors14,25-27. 
The results of proximate composition of all feed 
samples are shown in Table 1.

Moisture Content
	 The moisture content of feed samples 
ranged from 7.02% to 12.00% with an average 
of 10.33%. The average of PSF, PGF, and PHF 
were 10.53%, 10.34%, and 10.11% respectively.  
According to the Food and Agriculture Organization 
(FAO) and the National Research Council (NRC) the 
moisture content in properly stored poultry feeds 
should not exceed 12% for optimal quality and 
nutrient retention. Hossain et al. reported moisture 
content in both broiler and layer ranged between 
9.7–11.2% in Bangladeshi feed samples2. Higher 
moisture content could affect the stability and 
freshness of the feed for the storage over a long 
period of time28. Thus, it is advisable to keep the 
moisture content below permissible limit.

Ash Content
	 Ash content in feed sample is related to 
the amount of inorganic minerals. The amount of 
ash found in each sample is shown in Table 1. Ash 
content was found as, 5.13–6.34% for starter feed, 
4.20–5.47% for grower feed, and 6.79–10.87% for 
poultry house feed. House feed samples showed 
higher amount of ash as compared to starter and 
grower feeds. The higher ash content in feed affects 
bone and joint problems in growing poultry birds. 
Moreover, higher ash could lead to kidney diseases29.

Crude Protein
	 Crude protein (CP) is one of the most 
important parameters of feed samples. Table 1 
shows that the starter samples varied mostly with 
the minimum of 14.09% and the maximum value 
of 28.18%. Crude protein of poultry house feeds 
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showed lower values than starter and grower feeds. 
In this study, the average crude protein content was 
23.35%, 20.53%, and 11.27% for starters, grower, 
and house feed, respectively. According to Vakili et al. 
starter feeds contain higher amount of crude protein 
compared to grower and finisher feeds because 
older birds need less protein30. Hasan et al. found 
14.04 ± 0.03% and 13.89 ± 0.46% CP in two poultry 
feed samples in Bangladesh. In another study, feeds 
collected from Gazipur and Mymensingh districts of 
Bangladesh showed 15.3–19.5% CP in layer feeds 
and 20–22.5% CP in broiler feeds2. The minimum 
recommended CP values are 23% for 0–3 weeks 
meat chicken, 20% for 3–6 weeks meat chicken, 
18% for 6–8 weeks meat chickens, and 15% for 
laying hens31. Growth of the birds and feed utilization 
efficiency are increased when the total crude protein 
level is raised while the proper ratios of essential 
amino acids are maintained32.Thus, crude protein 
levels should be maintained properly for the optimal 
growth of poultry birds.

Crude Fat
	 Animal fats and vegetable oils are typically 
incorporated into poultry diets due to their high 
energy density which enhances the growth of poultry 
birds33. Crude fat affects diet palatability, pellet 
quality, and feed dustiness. Furthermore, fat content 
improves the absorption of fat soluble vitamins and 
increases the efficiency of the consumed energy2. 
In Table 1, crude fat ranged between 3.83–5.57% 
for PSF, 3.11–6.39% for PGF, and 2.75–5.29% 
for PHF. The mean crude fat was 4.66% for PSF, 
5.04% for PGF, and 3.86% for PHF. According 
to one study in Bangladesh, Hossain et al. found 
3.6–6.9% crude fat in broiler and layer feed samples2. 
A comparative study of two feed companies in 
Nigeria was conducted, and the crude fat content 
was similar in both companies ranging from 5% to 
8%11. In Bangladesh, the recommended crude fat 
ranges from 5–7%; however, the majority of samples 
analyzed in this study exhibited lower values34.

Carbohydrates 
	 Carbohydrates are the primary source of 
energy in poultry diets35. In general, PHF contained 
higher amounts of carbohydrates compared to PSF 
and PGF. In Table 1, the mean carbohydrates in PSF, 
PGF, and PHF were 55.70%, 59.05%, and 65.23%, 
respectively. Poultry starter feeds showed the 
greatest variability in carbohydrate content whereas 

the grower samples deviated the least from the 
mean value. Carbohydrates comprise about 50–70% 
portion in total diet of poultry feeds36. According 
to Ofori et al., the amount of carbohydrates was 
54.34–64.44% in starter feeds, 49.82–56.82% in 
grower feeds, and 52.35–62.75% in layer feeds37.

Quality of Feed According to Mineral Content
	 The results of mineral content in poultry 
starters, poultry grower, and poultry house feed are 
shown in Fig. 2. Calcium (Ca) level in poultry diets 
is very crucial for skeletal development of poultry 
birds and other functions in broilers38. It is also vital 
for a wide range of functions in the body, such as 
blood clotting, muscle contraction, various enzyme 
activation, metabolic responses, protein synthesis, 
and maintaining acid-base balance39. However, 
the excessive use of calcium and its potential anti-
nutritional effects in commercial broiler diets have 
received significant attention38. In this study, calcium 
levels ranged from 17126.19 to 112240.57 mg/kg 
(1.71 to 11.22%), and the house feed showed higher 
calcium content than starter and grower feeds. The 
NRC recommended the concentration of calcium as 
1.00% for starter, 0.90% for grower, and 0.80% for the 
finisher feed40. According to NRC guidelines, starter 
and grower feeds exceed the recommended level for 
calcium. However, the standard was set based on 
the studied carried out in 1960s and 1980s41, 42and 
the modern chickens are different in terms of the 
growth rate, feed conversion efficiency, and bone 
characteristics43, 44. Therefore, the requirements for 
Ca for the fast-growing chicken might be different45 

Fig. 1: Five feed sampling sites
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For laying hens, Ca is quantitatively the most 
important mineral because shell formation draws on 
dietary Ca, intestinal absorption, and medullary bone 
reserves. Additionally, the requirements for Ca also 
differ with stage of the production cycle46. In rearing 
pullets, low Ca-P diets can slightly reduce tibia/keel 
ash (i.e., fall below the level needed for maximum 
bone mineralization) without harming growth and 

later may even be associated with better shell quality 
in laying hen47. 
	
	 Copper (Cu) ranged between 4.09 and 
52.85 mg/kg. The average concentration of copper 
was 19.54 mg/kg for PSF, 18.11 mg/kg for PGF, and 
5.09 mg/kg for PHF. Shahriar et al. found that the 
concentration of copper in poultry feeds collected 
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Fig. 2: Concentration of various minerals in poultry starter feed, poultry 

grower feed, and poultry house feed available in Chattogram, Bangladesh

from Rajshahi city ranged between 2.65 to 45.83 mg/
kg48. In another study, the concentration of copper 
ranged between 72.4 to 251.5 mg/kg49. Copper is 
widely used in poultry feed formulation as it acts 
as a critical co-factor and enzyme component for 
different biological processes50. The maximum 
level of copper in the poultry feedstuff should 
be 25 mg/kg51, and PSF-02 (52.85 mg/kg) and 
PGF-08 (32.03 mg/kg) exceeded the maximum 
permissible limit. High level of copper can have 
adverse effects on the performance of the birds52. 
Sometimes, pharmacological levels (125–250 ppm) 
are fed for growth promotion and to reduce egg/meat 
cholesterol. However, most of the ingested Cu (>80–
95%) is excreted raising toxicity and environmental 
concerns53. 

	 Iron (Fe) is another important nutrient for 
poultry birds. The deficiency in iron can reduce 
commercial performance. It is also essential 
for animals as it is related to the synthesis of 
hemoglobin54. Excess iron concentration can also 
be toxic and interact antagonistically with zinc at 
the intestinal mucosa14. The PSF and PGF showed 
comparatively higher levels of Fe than PHF. The 

maximum Fe concentration was found in PSF-02 
(126.25 mg/kg), and the minimum (33.44 mg/kg) 
was found in PHF-13. The average Fe content 
found in this study was 84.36 mg/kg. The maximum 
permissible level set by WHO/FAO for Fe is 180 
mg/kg48. According to this standard, no sample 
exceeded the WHO/FAO maximum permissible 
limit. On the other hand, the NRC Fe requirement of 
~80 mg/kg based on bird’s growth and hematocrit. 
The requirement of broilers from 1 to 21 days was 
estimated at 97–136 mg/kg55 The Fe levels reported 
by Chowdhury et al., ranged between 16.477 ± 0.001 
and 108.392 ± 0.002 mg/kg which aligns with our 
study56. In another study, Islam et al. found 57.3 
to 121.9 mg/kg of iron in the poultry feed samples 
collected from Dhaka, Bangladesh57.

	 The levels of sodium (Na) ranged between 
870.74 and 3167.59 mg/kg in all feed samples. 
The average Na concentration was 1619.49 mg/
kg. On the other hand, potassium (K) was found 
as 5757.29 to 16142.68 mg/kg. The starter and 
grower feeds showed higher levels of potassium 
as compared to poultry house feeds. Na and K are 
important for dietary electrolytes balance in poultry 
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birds58. According to Mushtaq et al., the excess of 
Na level increases the moisture content of excreta 
of broilers59.

	 Magnesium (Mg) content ranged from 
1476.98 to 2862.71 mg/kg. The average Mg content 
was 2301.98, 2109.46, and 2109.25 mg/kg for PSF, 
PGF, and PHF, respectively. Kabir et al. found 1120 
to 2543 mg/kg of Mg in poultry feeds49. The NRC 
recommended the maximum tolerable limit of Mg 
is 5000 mg/kg for growing birds and 7500 mg/kg 
for laying hens60. On the other hand, the European 
Union (EU) has set the maximum limit as 3500 mg/
kg for poultry feedstuffs and 2500 mg/kg for chicks. 
Most of the corn-soybean diets contain 1500–1800 
mg Mg/kg. Thus, the deficiency of Mg is essentially 
unheard of under practical feeding, and unnecessary 
Mg supplementation may even be detrimental to 
bird’s performance, bone health, and litter quality14,61. 
Mg metabolism is linked to overall dietary electrolyte 
balance and production of eggs62. Conversely, the 
toxicity caused by Mg can lead to skeletal lesions63-65. 
Also, the elevated amount of Mg in the feeds may 
increase the manure and litter moisture64.

	 Manganese (Mn) levels were found from 
25.52 to 117.55 mg/kg. PHF showed relatively 
lower Mn content than PSF and PGF. According 
to the WHO/FAO, the maximum permissible level 
for Mn in food is 100 mg/kg48. In this regard, only 

PSF-02 exceeded the maximum limit. On the other 
hand, the NRC recommended the Mn level to 
be 20 mg/kg and 60 mg/kg for laying and broiler 
birds, respectively40. However, in practice, the 
dietary requirement is considered higher than the 
recommended values66. Recent reviews conclude 
that a total dietary Mn of ~90 mg/kg is required to 
maintain normal development and eggshell quality 
in modern birds66. The deficiency in Mn decreases 
egg production of laying hens and affects egg shell 
thickness67. Shahriar et al., observed the level of Mn 
between 22.63 and 188.85 mg/kg which aligns with 
this study48.

	 Zinc (Zn) is an important nutrient as it 
can improve the growth of poultry birds, increase 
endocrine secretion, augment immunity, and 
enhance antioxidant capacity68. In this study, the 
concentration of Zn was found from 30.37 to 133.52 
mg/kg. It showed similar trends like Fe and Mn 
as PHF showed lower levels of Zn compared to 
PSF and PGF. The average Zn level was 98.36, 
106.06, and 38.04 mg/kg for PSF, PGF, and PHF, 
respectively. According to the NRC, the level of Zn 
in poultry diets should be in between 40 and 75 mg/
kg69. Commercially, high supplement of Zn (e.g., 
8000–20000 mg/kg) is exploited to induce moulting 
in laying hens, but it is for pharmacological purposes, 
not a nutritional requirement68. The deficiency of 
dietary Zn may result in loss of appetite, stunted 

 

 

Fig. 4: Pearson correlation between different 
parameters in the feed samples; MC Moisture 
Content, AC Ash Content, CP Crude Protein, CF 
Crude Fat, CH Carbohydrates, Ca Calcium, Cu 
Copper, Fe Iron, K Potassium, Mg Magnesium, Mn 
Manganese, Na Sodium, Zn Zinc, P Phosphorus

Fig. 3: Estimated metabolizable energy of 
poultry starter feed (PSF), poultry grower 
feed (PGF), and poultry house feed (PHF)
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growth, and increased mortality in the flock70. Kabir 
et al. showed that the level of Zn in poultry feed 
samples collected from Chittagong, Bangladesh was 
between 57.9 and 232.7 mg/kg49. In another study, 
Islam et al. found that the concentration of zinc was 
ranged between 27.7 to 68.4 mg/kg68.

	 Phosphorus (P) is very crucial, especially 
for bone development of poultry birds71. Deficiency 
in phosphorus level can lead to disruption of 
physiological processes such as nucleic acid 
synthesis and energy metabolism72. In this study, 
the phosphorus content ranged from 2442.51 
mg/kg (PHF-15) to 12100 mg/kg (PGF-08). The 
average concentration was 6063.55, 8718.53, and 
5538.99 mg/kg for PSF, PGF, and PHF, respectively. 
According to the National Research Council (NRC, 
2005) guidelines, the maximum permissible limit 
of total phosphorus in poultry feed is 8000–10000 
mg/kg60. The requirements of phosphorus also 
depend on bird’s type and age. In laying hens, 
available phosphorus can be reduced with age 
(e.g., from ~0.4% to ~0.2% in later phases) without 
adverse effects on production. On the other hand, 
in growing pullets, non-phytate phosphorus (NPP) 
levels around 0.15–0.2% appear adequate for 
bone development and growth, indicating the 
age dependency of phosphorus requirements46,47.
The deficiency in P level impacts negatively on 
productive performance in broiler chickens73. Growth 
performance in broiler chickens was linearly reduced 
from 7 to 21 days of age when phosphorus contents 
in poultry diets dropped from 3400 to 1300 mg/kg74. 
Since, overfeeding of P is costly and contributes to 
environmental pollution via manure, manufacturers 
aim to supply P close to requirement rather than with 
large safety margins47. 

	 Three heavy metals chromium (Cr), 
cadmium (Cd), and lead (Pb) were analyzed in this 
study. The study revealed that only one sample 
(PHF-15) showed 0.52 mg/kg of cadmium and the 
rest were below detection limit. Imran et al. showed 
that the cadmium levels in all feed samples ranged 
between 0.11 to 1.41 mg/kg75. In another study in 
Rajshahi, Bangladesh, the maximum concentration 
of Cd was found 1.6442 mg/kg48. The amount of 
Cd reported by Islam et al., in the branded feed 
samples was 1.329 ± 0.268 mg/kg, while in the 
non-branded samples it was 1.328 ± 0.163 mg/kg76. 

According to the FAO, the permissible limit for Cd in 
food is 0.5 mg/kg77. Thus, PHF-15 showed slightly 
elevated concentration of Cd than the reference 
value. Cadmium has the potential to mutate genes, 
and it can lead to cardiovascular, renal, hepatic, and 
respiratory irregularities78,79.

Metabolizable Energy 
	 The estimated metabolizable energy (ME) 
of feed samples shown in Fig. 3 ranged between 
2665.18 and 3052.44 kcal/kg. PHF showed lower 
levels of ME than PSF and PGF. The average ME 
for PSF, PGF, and PHF were 2921.39, 2967.73, and 
2778.07 kcal/kg, respectively. Igwemmar et al. found 
that the ME values ranging from 3186.34–3524.85 
kcal/kg, 2984.78–3523.06 kcal/kg, and 3225.32–
3686.18 kcal/kg for starter, grower, and finisher feed 
rations, respectively80. In another study, the mean 
ME was 3419.98 kcal/kg for broiler starter feed and 
3063.72 kcal/kg for grower mash feed37 . The NRC 
recommended that the average ME for broilers in all 
stages of growth be 3200 kcal/kg and that for layers 
be 2900 kcal/kg40. The adequate level of energy is 
crucial for nutrient balance and overall growth of the 
poultry birds. Moreover, ME affects body composition 
and fat deposition81. In broiler, increasing dietary 
energy typically increases weight gain and improve 
feed conversion, although it depends closely on 
energy-amino acid interaction. Therefore, energy 
requirements must be interpreted with dietary amino 
acid and with production stages. Typically, starter 
feeds are formulated with moderate energy and high 
protein, whereas finisher and layer feeds use higher 
energy and lower protein. Energy is also associated 
with feed formulation such as, pelleting increases 
the effective energy value of feeds26,27.Hence, 
precise formulation of poultry diets with appropriate 
metabolizable energy levels is essential to achieve 
efficient growth performance and desirable carcass 
characteristics.

Pearson Correlation
	 Pearson correlation analysis was performed 
to analyze the strength and direction of linear 
relationships among the proximate composition and 
minerals of the 15 feed samples (Fig. 4). Pearson’s 
correlation coefficient (r) and two-tailed tests were 
used to assess statistical significance, with p-value 
< 0.05 considered as statistically significant. Positive 
correlations are represented by red circles whereas 
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blue circles indicate negative correlations. The 
circle size and the intensity of color correspond 
to the magnitude of the correlation coefficient. As 
the sample size was relatively low, the significant 
correlations among the feed variables should 
be interpreted as statistical associations rather 
than evidence of nutritional synergy or mineral 
antagonism.

	 Moisture content showed no statistically 
significant relationships with the analyzed proximate 
or mineral variables (p > 0.05). Ash content of the 
feed samples observed to be in a strong positive 
correlation with calcium (r = 0.974, p < 0.0001), 
indicating the variations in ash content were 
closely related with calcium concentrations. Several 
strong and statistically significant associations 
were observed among the proximate and mineral 
compositions. Crude protein showed a very strong 
negative correlation with carbohydrates (r = -0.940, p 
< 0.0001), while ash content was strongly positively 
correlated with calcium (r = 0.974, p < 0.0001). Crude 
protein was also positively correlated with Fe (r = 
0.780, p < 0.001), K (r = 0.740, p = 0.002), Mn (r = 
0.762, p < 0.001), and Zn (r = 0.846, p < 0.0001), 
but negatively correlated with Ca (r = -0.768, p < 
0.001). These associations may indicate the same 
formulation processes or similarities in the feed 
ingredients as protein meal can also contribute to 
several minerals82-84. Similarly, carbohydrate content 
was negatively correlated with Fe (r = -0.799, p < 
0.001), K (r = -0.717, p = 0.003), Mn (r = -0.675, 
p = 0.006), and Zn (r = -0.792, p < 0.001), while 
showing a positive correlation with Ca (r = 0.640, 
p = 0.010). The strongest inverse relationship was 
observed between crude protein and carbohydrates 
(r = -0.940, p < 0.0001). However, this association 
cannot be directly interpreted as the evidence of any 
biological interaction as carbohydrate content was 
estimated by using other proximate compositions 
including crude protein.

	 Among other mineral variables, Mn was 
strongly positively correlated with Cu (r = 0.823, 
p < 0.001), K (r = 0.793, p < 0.001), and Zn (r = 
0.853, p < 0.0001). Zn was also positively correlated 
with Cu (r = 0.700, p = 0.004), Fe (r = 0.705, p = 
0.003), and K (r = 0.716, p = 0.003). Conversely, 
Ca showed strong negative correlations with K (r = 
-0.816, p < 0.001), Mn (r = -0.729, p = 0.002), and 
Zn (r = -0.771, p < 0.001). Moreover, as Pearson 

correlation alone cannot establish any mechanistic 
relationships among the feed variables, the observed 
statistical associations may indicate the similarities 
in ingredients or common formulation practices by 
the poultry feed manufacturers. 

CONCLUSION

	 This study reveals the proximate nutritional 
profiles of commercial poultry feeds in Chattogram, 
Bangladesh. The amount of crude protein, fat, 
carbohydrates, ash, and moisture provided insights 
about the formulation of feeds. Some discrepancies 
were found in nutrients as compared to the 
international guidelines. The level of several minerals 
also exhibited deviations from the recommended 
ranges for poultry that may influence feed efficiency, 
bird’s growth and overall poultry health. The study 
also revealed the present status of poultry feeds 
in terms of three heavy metals. As most of the 
feed samples were from well-known brands, the 
concentration of these metals was below detection 
limit. The estimation of metabolizable energy may 
play a crucial role in economic efficiency and feeding 
cost optimization. As the energy is associated 
with feed parameters, the accurate formulation 
of cost-effective feeds can be achieved without 
compromising bird performance. Moreover, the 
correlation between different parameters may help 
in feed formulation. The observed inconsistencies 
can pose challenges for the poultry farmers in 
Bangladesh as most of them are unaware about the 
quality of the feeds. Thus, the feed manufacturers 
should maintain the guidelines given by international 
organizations, and the government should impose 
stricter rules to monitor the quality of poultry feeds 
regularly.
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