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Abstract

Toxic metal mercury (Hg) in poultry feed might affect seriously on the 
environment and human being. So continual or gradual analyses of toxic metal 
contents in poultry feedstuff are of prime significance for assessing the feed 
quality and consumer safety. In this study, a method named Mercury Vapor Unit 
Atomic Absorption Spectrometry (MVU-AAS) was used to analyze the content 
of Hg in poultry feed in compliance with the Council Directive 333/2007/EC, 
Commission Decision 657/2002/EC. The metal Hg was analyzed from the feed 
sample inthe laboratory by MVU-AAS (Model: AA-7000 Shimadzu, Japan) and 
the absorbance was read at 253.65 nm wavelength, The method was confirmed 
and validated by complying with the international guidelines and assessing 
a number of criteria say system suitability, precision studies, linearity check, 
uncertainty measurement and recovery % etc.. The results revealed that the 
coefficient of variation (CV%) for system suitability and precision was <10% for 
the metal (Hg) detected in this study. The linearity of the calibration curves was 
excellent (r2>0.998) at various concentrated levels. The limits of detection (LoD) 
value in feed was 0.007 mg/Kg and the limit of quantification (LoQ) value in 
feed sample was found 0.023 mg/Kg. The values of instrumental detection limit 
(IDL) and instrument quantification limit (IQL) were 0.045(µg/l), and 0.15(µg/l), 
respectively. The recovery (%) found for the metal was 92.29 %. The overall 
CV% of repeatability and reproducibility ranged from 3.27 % to 5.92 %. The 
value ranges from 12 to 16 was observed for the measurement uncertainty (%) 
of Hg in this study. The proposed validation criteria indicate that it is a reliable 
method that can be used easily for the routine analysis of toxic metal (Hg) 
content in poultry feed sample. 
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Introduction
Poultry farming is an emerging industry in Bangladesh. Poultry 

farming basically commercial poultry say modern chicken firm has 
become a very dominant and lucrative business in the developing 
country like Bangladesh. Modern chickens (e.g. broiler, layer, parent 
stock) are reared under intensive condition with special type of feeding 
care and management practices. Complete feed or balanced diet or 
mixed diet is necessary for the rapidly growing modern chicken. A 
good number of different sort of feedstuffs is required to formulate 
the complete feed i.e. used for the feeding the modern chicken. The 
raw materials used for the preparation of poultry feed come from 
different sources or origin. Most of these feedstuffs are derived mainly 
from the plant sources grown in the soil. Apart from this, feeds used 
by the poultry are also come from animal (bone meal, fish meal, meat 
and bone meal) and synthetic sources (vitamin mineral premix). 
Poultry feeds either it be natural or artificial sourced, liable to be 
affected by the contents of heavy metals. It is reported that the feed 
resources can carry a good number of heavy metal contaminants and 
toxins that mainly come from anthropogenic and natural sources [1-
3] .So it seems better to monitor any probable propagation of toxic 
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metals into the food chain through the finished products rather than 
the various raw materials used for the preparation of ready-made 
feeds [4]. The feedstuffs might be adulterated and contaminated 
by different ways from growing to supply the birds. For example, 
meat and bone meal procured from contaminated animals, fish 
meal collected from contaminated water, vitamin minerals premix 
supplementation to poultry ration etc., can transfer heavy metals to 
poultry feed, as we know that poultry diet is composed of various 
sources of raw materials together [5]. 

Feed plays an important role for the optimum production of 
meat chicken. Feed is the single variable unit and the major cost in 
poultry production is the feed i.e. 65 to 70 %.Poultry industry can use 
the by-products released from the tannery for the diet formulation 
of poultry as a cheap sources of raw materials for the reduction of 
feed cost. Few report stated that the wastages retrieved from the 
industries, particularly tannery are liable to cause a great problems 
for the human being and environmental pollution by heavy metal 
contamination in food chain [6]. The availability of these wastes in 
poultry feed and meat could warrant further research to determine 
the extent of contamination of heavy metal pollutants.
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Feed and food quality, food security and feed safety are emerging 
issues in Bangladesh.  Quality feed is required to assure food safety 
and to enhance the productivity of poultry. For this reason, poultry 
farmers, or feed integrators, use very often many feed additives, 
enzymes, drug, growth promoters, feed supplements (vitamin mineral 
premix), antibiotics and so on in their formulated diet to boost the 
quality of feed, which result in increased weight gain, prevent diseases, 
and increased concentration of mineral elements added in the poultry 
diet. We see heavy metals are ubiquitous, stable, and not degradable 
in the nature. So, poultry feeds, whether plant or animal sourced or 
fortified with many additives or by special manufacturing processes, 
have been reported to be influenced by the content of heavy metals 
in the feed. 

In view of above, it has no doubt that feed quality is the main 
determinant factor for achieving optimum production in the farm 
animals. Sustainable poultry production is not possible at all without 
supplying quality feed to the birds. So it is crystal clear that poultry 
feeds contain wide range of toxic metals, and their exposure can be 
understood through after ingestion of these feedstuffs by the birds. 
The presence of many heavy metals say mercury (Hg), chromium 
(Cr), cadmium (Cd), lead (Pb), and arsenic (As), are found in the 
poultry feedstuffs. We attempted herein this study to establish a 
validation method by the detection of Hg in poultry feed. The Hg is 
one of the ten hazardous metals or chemicals posing a great threat to 
public health designated by [7]. It is reported that continual exposure 
of metal Hg in body tissue can damage the renal tubules [8]. 

We see that fishmeal is commonly used as animal protein source 
in poultry feed, which is considered as the most common source of Hg 
for the farmed animals [9]. Comparatively very few data available on 
the speciation of Hg in fish meal. The Hg is found in the environment 
in various forms such as metallic, inorganic and organic. As a result 
of mining, smelting, industrial activities, combustion of fossil fuels, 
this Hg (elemental and inorganic) is released into the air, which later 
accumulates in soil and water. Methyl mercury is the most active 
form which bioaccumulates and biomagnifies along the food chain, 
and causes toxicological concern [9]. The long time consumption of 
this inorganic Hg causes health hazard. About all of the Hg present in 
the foliage originated from the atmosphere [10].

When the consumption of heavy metals goes beyond the 
maximum permissible limit causes hazards to both animals and 
humans [11]. Besides, the undegradable nature of these metals causes 
bioaccumulation and toxicity in food chain and poses a severe health 
risk on environment. The useful tool is the feeding strategy to reduce 
health hazard through the food chain [12]. In this regard, detection 
of heavy metals, establishing and validating new method is very 
important for assuring food safety, feed quality and public health. 
The appraisal of heavy metal levels in poultry feeds might be an useful 
tools with respect to food safety and environmental sustainability. 
So it should be compulsory to check the heavy metal contents in the 
poultry feedstuffs routinely and regularly for the periodic monitoring, 
examination, and inspection of food safety. Heavy metals entering 
into food chain through different sources must be properly monitored 
for planning and implementation of mitigation strategies.

To create national policy, planning on reduction strategy, and 
maintaining food safety for the safeguarding of the people, the data 

or reliable information regarding the metal contamination in poultry 
feed are still scarce in the country like Bangladesh. Some previous 
studies were also done to detect the toxic level of Hg in poultry feed 
[13-14], However, the findings of those studies are still contradictory, 
inconsistent and questionable to apply for the present poultry 
enterprises due to continual changes of genetic constitution and 
rearing strategies of poultry [15] .For this reason, a method (MVU-
AAS)  has been developed to detect the toxic element mainly Hg in 
poultry feed. This method appears to be very faster, precise, accurate, 
sensitive, selective, and economical [16]. The poultry feed quality 
can be tested routinely and regularly by the farmers, if the method is 
implemented and validated globally. Hence, the developed method 
will help to identify the toxic elements which has a great application 
in laboratory analyses of poultry feed component [17]. Besides, 
poultry industry, feed miller company and poultry integrators would 
be greatly benefitted from this research. The aim of the study was to 
quantify the metal Hg in poultry feed samples used in the different 
poultry farms of Bangladesh using a validated analytical method.

Materials and Methods
Ethical Study

The study had no dealings with live animals, so ethical approval is 
not necessary in this study. 

Study Area and Experimental Period
Quality Control Laboratory was used to conduct all laboratory 

analyses for this study, The lab was located at the Savar, Dhaka, 
Bangladesh. The study was performed during November 2021 to 
April 2022.

Tools, Chemicals and Reagents
A sophisticated laboratory furnished with all necessary scientific 

tools and equipment was used in this study. An atomic absorption 
spectrophotometer (Model: AA-7000, Shimadzu, Japan) equipped 
with graphite furnace (GFAAS, FAAS 7000), HVG, MVU-AAS 
7000 and an auto sampler (ASC 7000) were used. For Hg (253.65 
nm, 10 mA and slit 0.7 nm), a hollow cathode lamp was used and 
operated according to the company instructions. Chemicals namely 
nitric acid (HNO3, 69%), hydrogen peroxide (H2O2, 30%), 2M HCL 
solution, 10% stannous chloride solution, 1:1 sulfuric acid: water 
solution, mercury absorption solution and standards of Hg were 
used (Sigma Aldrich, Germany) for Standard calibration curve and 
sample preparation. The digestion process was done in Microwave 
Acid Digestion System (Ethos Easy Milestone). The bulk standard 
solutions were made daily by dilution of respective metals stock 
standard solutions, using 1% (w/w) (HNO3, 69%).Auto sampler was 
used for the working standard solutions. Deionized water (18 MΩ/
cm) produced using an E-pure system (Thermo Scientific, USA) 
was used to prepare all the solution as well as to clean and wash all 
containers and glassware prior to use. For environmental and lab 
personnel safety Mercury absorption solution was used.

Sample Preparation & Analytical Procedure
Poultry feed was prepared with the conventional feed ingredients 

locally available in Bangladesh following the standard as prescribed 
by the NRC [18]. After that, the samples were grinded by mill type 
grinderand put in air sealable bag before undergoing lab analysis. 
For the digestion of samples, approximately 1.0 gm of feed sample 
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was weighed and digested with 8ml of HNO3 (69%) and 2ml of H2 O2 
(30%) in acid pre-washed Teflon vessels. The digestion procedure was 
done by Microwave acid digestion system (Ethos Easy Milestone). 
After digestion, added 20 ml stannous chloride and 20 ml 1:1 sulfuric 
acid: water solution, then it was diluted 150 ml final volume with 
deionized water. The reference material analytical blanks were also 
prepared with each batch of digestion set. All samples were prepared 
in triplicate. Diluted samples and the standard solution were 
separately put into a set of fresh sample vessels for mercury vapor 
unite atomic absorption spectrophotometer (MVU-AAS Shimadzu 
AA-7000). Finale heavy metal (Hg) was measured at 253.65 nm 
wavelength, respectively.

Preparation of Spiking Solution for Hg
In digestion vessel about 1g (1000 mg) sample was taken, later 

added 8 mL of Nitric acid (69%) and 2 mL of H2O2 (30%), 0.6 mL 
(600 uL) from 1000 ppb Hg solution and digested this solution. After 
digestion, it was added 20 ml stannous chloride and 20 ml 1:1 sulfuric 
acid: water solution then it was diluted 150 ml final volume with 
deionized water.

Criteria for the Validation of Proposed Method
The parameters for the validation of the proposed method in 

this study followed were, linear range, limits for detection and 
quantification,  accuracy (%), precision checks and degree of 
uncertainty measurement [19, 20]. The validation criteria were 
assessed following the guidelines of Commission Decision [19, 21].

Linearity: Standard mixtures of Hg were prepared and a linear 
equation was established for each metals by plotting the absorbance’s 
versus the concentrations to measure linearity. Three calibration 
curves were obtained on three consecutive days with a specified 
standard concentration of each metal. Linearity was calculated 
by running aqueous standard solution of each metals at final 
concentrations of 0.25, 0.50, 1.0, 2.5, 5.0 and 10.0 µg/mL for Hg. The 
slope, intercept and r2 values were retrieved from linear regression 
and correlation method. 

Recovery percentage: Three set of spike samples (0.05, 0.1 and 
0.15mg/kg) have been prepared and each set replicated seven times. 
Sample reading was taken by measuring two times. For the estimation 
of recovery, an accurate amount of each metal three concentration 
levels (20.05, 0.1 and 0.15mg/kg mg/kg for Hg was added to 
approximately 1.0 g of blank matrix powder, and then the matrix 
blank was digested and analyzed for recovery using the formula: 
recovery (%)=(amount obtained/amount spiked) ×100.

Limit of detection (LOD), limit of quantification (LOQ), 
instrument quantification limit (IQL), and instrument detection 
limit (IDL): The lowest qualitative and quantitative concentrations 
for the tested linearity range were calculated for each metal according 
to the guidelines of ICH2000. Both LOD and LOQ were calculated 
using the expression: k x S.D/b, where k=3.3 for the LOD and 10 for 
the LOQ, S.D= The standard deviation of the intercept, and b=Slope 
of the calibration curve tested for linearity. detection limit (IDL) and 
Instrument quantification limit (IQL) were calculated using following 
formula: IDL = 3s and IQL = 10s; where, s= standards deviation. 

Statistical Analysis
All the data were statistically analyzed using the statistical software 

[22]. The means and standard deviations of the metal concentrations 
in samples were calculated. Finally, one-way ANOVA was used to 
compare the level of heavy metal residue in poultry feed samples.

Results
The result of linear regression data of the metal mercury (Hg) in 

poultry feed samples was demonstrated (Table 1). The value for the 
regression coefficient (r2) obtained in this study was 0.998 for Hg. The 
overall recovery % for the metal (Hg) detected in poultry feed samples 
was 92.20 % (Table 2). The result of IDL for Hg was 0.045µg/l, while 
the value for IQL was 0.15µg/l, respectively. The result of method LoD 
was found to be 0.007 whereas the value for LoQ being 0.023 mg/Kg, 
respectively (Table 3). The precision studies were performed in this 
experiment by measuring the repeatability and reproducibility of data 
shown in Tables (4, 5). The CV% of the repeatability was 3.27% and 
reproducibility was found 5.92% measured for the Hg, respectively 
(Tables 4, 5). The value of measuring uncertainty (MU) for the metal 
was 12 to16 %, Loweruncertainty values indicate higher accuracy.

Discussion
Chicken meat is considered as one of the most consumable food 

item in Bangladesh and many parts of the world, because it is cheaper 
in cost, easily available and supply of essential nutritional contents 
to the consumer world [23]. So poultry industry in Bangladesh is 
flourishing steadily. The main tool to boost up the poultry industry 
in Bangladesh is the supply of quality feed to the chicken. Modern 
meat chickens feed on balanced diet entire the rearing time. Lately, 
the diet of poultry is being formulated with the many raw materials 
namely fish meal that can transfer heavy metal, particularly mercury 
(Hg), to the poultry diet in undesirable levels, when it is sourced from 
contaminated water [5, 23].

However, it is obvious from the linearity result obtained in this 
study that it has meet the acceptance level i.e r2=0.995. The data 
showed that the r2 value (0.998) found in this study is greater than 
acceptance level (0.995), and it implies that the result is very good as 

Metal Linear range 
(µg/L) 

Calibration with aqueous standard solution

Slope ±SD(µg/L) Intercept ± SD Regression  
coefficient (r2)

Hg 0.25 --10 0.0278  ±  0.0007 0.005451  ± 0,0155 0.9988

Table 1:  Linear regression data of mercury (Hg) in poultry feed sample.

Metal
Spiked analyte 
concentration 

(mg/L)

Calculated analyte 
concentration (n=7) 

(mg/Kg)

Recovery (%) 
(n=7)

Overall 
recovery %

(n=21)

Hg

0.05 0.049 98.67

92.200.10 0.086 85.91

0.15 0.138 92.01

Table 2:  The e recovery (%) of data for the analyses of Hg in poultry feed.

Metal
Parameters

IDL in 
solution(µg/l)

IQL in 
solution(µg/l)

Method LoD for 
feed  (mg/kg)

Method LoQ for feed  
(mg/kg)

Hg 0.045 0.150 0.007 0.023

Table 3: The results of Instrument detection limit (IDL), instrument quantification 
limit (IQL), method limit of detection (LoD) and limit of quantification (LoQ ) of Hg 
in poultry feed.
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the liner relationship found herein is accurate and authentic [24]. Our 
result is agreed with the report of previous investigators [25-26] who 
found similar results for the validation of heavy metals data for this 
parameter in milk and fish feed samples.  

We see that the acceptable level for the recovery % should be 
within the range of – 20 % to + 10 %. Our recovery % was 92.20 % 
for the detection of Hg in poultry feed samples. In this regard, we can 
say that our analytical value of recovery % has obviously meet the 
standard level or criteria. Recovery percentage refers to how much 
extraction can be obtained by analytical process while conducting 
sample testing in the lab [27]. Though no verified data or reference 
materials for poultry feed sample are available, the recovery % was 
done to justify the accuracy of the method [24].

Form the result, it is clear that the methods LoDs and LoQs in 
feed samples were found  to be lower for the metal than the highest 
range as reported by the Regulations (EC) No. 1275/ [28], and it has 
matched properly according to Regulation 333/ 2007/EC [19]. The 
LoD and LoQ are measured to detect the performance or efficacy of 
an instrument or an analytical method.

The repeatability and reproducibility data (CV%) found less than 
5% in our analytical values of the study. The acceptable value for 
these parameters is considered 10% [29]. Therefore, it can be stated 
that the method exhibited a good repeatability and reproducibility 
precision based on the values obtained in this study. The analytical 
precision was determined according to the commission regulation 
ofEC [21]. The precision is normally assessed by CV%, and it denotes 
the proximity of compromising data [30].

Measuring uncertainty (MU) calculation is necessary for each 
and every measurement according to ISO/IEC17025 [31], because 
it checks the errors and omission occurred while conducting any 
assay. The reproducibility data can be used for the estimating of 
MU [32]. However, despite the uncertainty or limitations, the 
method we developed here for the detection of toxic metal in feed 
sample is very simple, precise, accurate, reliable and cost effective as 
well. Thus, the proposed method can be used for routine analyses 
or simultaneous detection and quantification of heavy metal which 
has a great implication in laboratory examination of poultry feed 
sample across the globe [17]. Our results are also agreed with the 
previous investigators who stated similar type of remarks regarding 
methods validation for the fish feed [25], milk [26] and detection and 
assessment of heavy metals in other food stuffs [12, 17, 33, 34, 35, 36].

Conclusion
From an overview of the result obtained in this study revealed 

that, all the criteria for method validation (e.g linearity, repeatability, 
reproducibility), accuracy or recovery percentage, LoD and LoQ, 
uncertainty) have meet the international standard or acceptable 
level. So it can be suggested from the findings that the method can 
be validated for the determination of toxic metal (Hg) in poultry feed 
samples .The findings reveal that the contents found in the poultry 
feedstuffs were deemed lower than the prescribed values as denoted 
by the Council Directive 2002/32/EC.
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