

DETERMINATION OF HEAVY METALS IN CANNED DRY-MILK AND FISH FROM SUPERMARKETS IN ADDIS ABABA

By
Kefyalew Muleta

Advisor: 	Tetemke Mehari (PhD)












June, 2013

i

[bookmark: _Toc361639147]AKNOWLEDGEMENT

First of all, I thank God for helping me complete the work in time. I would like to express my gratitude to my advisor Dr. Tetemke Mehari who supported me in all aspect of my work, including his courage to strengthen me and for the valuable discussion I had with him from the incaftion of the proposal to write up.

I would also like to thank Addis Ababa University for the partial financial support and the Center for Food Science and Nutrition for allowing me to use research laboratory facilities for the successful completion of this thesis work.

Furthermore, I would like to express my appreciation to the supermarkets’ manager including their staff members as this study would have not been completed without their willingness to participate in the study. 

I also would like to thank the Debrezeit Agricultural Research Center, Ethiopian Health and Nutrition Research Institute, Ethiopian Conformity Assessment Enterprise and Environmental Protection Agency for allowing me to use their laboratory facilities including Atomic Absorption Spectroscopy (AAS) and proximate analysis.

Last but not least, I am deeply indebted to my family for their financial support as well as encouragements all along.


Contents
AKNOWLEDGEMENT	i
LIST OF TABLES	iv
ABSTRACT	vii
1.	INTRODUCTION	1
2.	OBJECTIVES OF THE STUDY	5
2.1.	General Objective	5
2.2.	Specific Objectives	5
3.	MATERIALS AND METHODS	6
3.1.	Study Area	6
3.2.	Study Design	6
3.3.	Sampling Design	7
3.4.1.	Apparatus and Chemicals	8
3.4.2.	Wet Digestion	8
3.5.	Instrumental Analysis	9
3.6.	Nutrient Analysis	9
3.7.	Assessing the Storage Condition of Supermarkets	10
3.8.	Statistical Analysis	10
4.	RESULTS AND DISCUSSION	11
4.1.	Canned Dry-Milk	11
4.1.1.	Labeled Proximate Composition	11
4.1.2.	Heavy Metal Analysis	11
4.1.3.	Nutritional Value of the Canned Dry-Milk	13
4.2.	Canned Fish	15
4.2.1.	Heavy Metals Analysis	15
4.2.2.	Nutritional value of the canned fish	18
4.3.	Method Validation	19
4.4.	Supermarkets Storage Condition	21
5.	CONCLUSION AND RECOMMENDATION	25
7.	REFERENCES	27

[bookmark: _Toc361639148]

LIST OF TABLES                                                                                             

Table 1: Mean ± SD content of heavy metals (mg/g in wet-base) in four brands of canned dry-milk from supermarkets in Addis Ababa, 2013. 
Table 2: Comparison of (mean ± SD) observed nutritional value in percent (wet-base) of four brands of milk common from supermarkets in Addis Ababa, 2013.
Table 3: Comparison of (mean+SD) observed energy value (wet-base) and labeled of four brands of dry-milk from supermarkets in Addis Ababa, 2013.  
Table 4: Nutrition information of the sampled canned fish from supermarkets in Addis Ababa, 2013.
Table 5: Comparison of concentration of heavy metals (mean± SD and range) mg/g in wet weight base in canned fish from supermarkets in Addis Ababa, 2013.
Table 6: Fat, protein (g/g) and energy yield (kcal) content per gram (mean± SD) (wet-base) of canned fish from supermarkets in Addis Ababa, 2013.
Table 7: Limit of detection (LOD) and limit of quantification (LOQ) in mg/g  
Table 8: Building condition of selected supermarkets in Addis Ababa, 2013 (n=8)
Table 9: Association of cadmium level in fish samples to storage condition of the supermarkets in Addis Ababa, 2013



LIST OF ABBREVATIONS
AAS                   Atomic Absorption Spectroscopy
AAU	               Addis Ababa University
AM                     Abay Milk
AOAC               Association of Analytical Chemists            
ATSDR              Agency for Toxic Substances and Disease Registry
CAC                   Codex Alimentarius Commission
CF                      Chiara Fish
CAC                   Codex Alimentarius Commission 
CM                     Coast Milk
DIF                    Diamond Fish
EC                      European Commission
EFSA                 European Food Safety Authority
EHNRI               Ethiopian Health and Nutrition Research Institute
ECAE                 Ethiopian Conformity Assessment Enterprise
ERCA                Ethiopian Revenue and Custom Authority
EU                      European Union
FDA                   Food and Drug Administration
FM                     France Lait Milk
FMHACA          Food, Medicine, and Health care Administration and Control Agency
MOH                 Ministry of Health
NCC                  National Codex Committee
NF                      Nicola Fish
NM                    Nido Milk
US EPA             United States Environmental Protection Agency
WHO                 World Health Organization
[bookmark: _Toc341756932][bookmark: _Toc341758503]

[bookmark: _Toc361639149]ABSTRACT 
This study determined the levels of Cd, Cu, Pb, and Zn concentrations and nutritional values in four brands of canned dry-milk and fish in addition. The storage conditions of the supermarkets from where the sample foods collected were discussed. The result indicated that the mean ± SD levels of Cu and Zn in the four brands of milk were lower than the FAO/WHO maximum tolerable limit (FAO/WHO, 1984). The relative highest level of Cd (1.991±0.47mg/g) observed in CM milk brand from Holland was above the maximum tolerable limit 0.2 ppm (FAO/WHO, 1984). In contrast the Cd level was low (0.202±0.309 mg/g) in AM milk branded from Ethiopia. The level of Pb in all milk brands were above the FAO/WHO (1984) limit of lead 1.5 ppm. The mean cadmium content of canned dry-milk significantly (at 0.05) depends on the milk brand. The determined and labeled energy values of all dry-milk brands were significantly (p = 0.05) different. The highest mean ± SD value of Cu (3.004±1.809 mg/g), Cd (3.541±2.467mg/g), Pb (6.574±2.899 mg/g) and Zn (33.897±3.670 mg/g) were observed in CF fish brand canned in sunflower oil imported from Spain; while the lowest Cu level (0.442±0.088 mg/g) of DIF fish brand packed in sunflower oil imported from Thailand, Cd level (0.381±0.274mg/g), Pb level (1.791±0.275) and Zn level (1.918±1.872) were of NF fish brands from Indonesia packed in vegetable oil. Except the CF brand, the determined and labeled energy yield of DIF and NF fish brands were statistically (p=0.05) different. The supermarkets illumination and ventilation condition have significant association (r=0.999) with Cd residue in canned fish only. Therefore, the appropriateness of storage condition of the foods should be kept to the standard. Generally, canned foods should be traced for their heavy metals residue and checked for their nutrient and energy value it yields routinely to make sure the public in getting what is indicated on the label.


1. 
1. [bookmark: _Toc361639150]INTRODUCTION

Food contains a wide range of essential metallic elements such as copper and zinc which living organisms normally require up to certain limits. Beyond limit they could also cause health problems. Other metallic elements like cadmium and lead can be harmful to health if foodstuffs containing them are consumed regularly. The majorities of heavy metals are natural components of the earth’s crust and can enter food as a result of human activities like industrial and agricultural processes (Kennish, 1992). 
Heavy metals are those elements which have density more than 5 g/cm3, atomic weight 63.546 to 200.590 (Kennish, 1992) and relative gravity greater than 4.0 (Connell and Miller, 1984). Chemically, metallic elements can exist as pure metal or compounds. Their mobility and bioavailability depend strongly on their chemical and mineralogical forms in which they occur (Fersht, 1999). Toxicity of metals is a function of their physical and chemical properties, their doses, and the health conditions of the organism exposed to these metals. It is also a function of the ability of the metals to accumulate in body tissues (Sikorski, 2007).
The ingestion of food is an obvious means of exposure to heavy metals, not only because many metals are natural components of foodstuffs but also because of environmental contamination and contamination during processing and canning (Yousuf et al., 1999). The toxicity of these metals is in part due to the fact that they accumulate in biological tissues, a process known as bioaccumulation (Mason et al., 2000). This causes tight binding of a metal to a functional group in an enzyme. Heavy metals are relatively nonspecific for the enzymes they inhibit, particularly if the metal is associated with high dose toxicity. Lead provides an example of a metal that inhibits by replacing the normal functional metal in an enzyme (Fersht, 1999). This cause, oxidative damage to living tissues by enhancing lipid peroxidation, DNA damage, enzyme inactivation and the oxidation of protein sulfhydryl groups (Taiz and Zeiger, 1998). Exposure to a toxic metal is also associated with many chronic diseases  like dermatological diseases, skin cancer and internal organ cancers, cardiovascular disease, diabetes, and anemia, as well as reproductive, developmental, immunological and neurological effects in the human body (Jackson et al., 2005; Santhi et al., 2008).
Streams, rivers and lakes are inundated daily with anthropogenic pollutants from industrial, domestic and agricultural waste which are ultimately absorbed by aquatic plants and animals. When fish are exposed to elevated levels of heavy metals in polluted aquatic ecosystem, they tend to take these metals up from their direct environment (Seymore, 1994; Fodeke and Fisher, 1989). 
Milk is the primary source of nutrients in diet around the world (Buldini et al., 2002). The feeding of cattle on contaminated feed and rearing of livestock in proximity to polluted surroundings were found to be responsible for heavy metal pollution in milk (Korenekova et al., 2002; Sabir et al., 2003; Miranda et al., 2005). 
Chemical compounds used during certain operation for cleaning and sanitizing food contact surfaces of processing, handling, and storage equipment, and for lubricating certain parts of food processing equipment may unintentionally contaminate the food (Alli et al., 2005).
Canning process is another means by which canned foods are subjected to heavy metal contamination apart from the threat of polluted environment (Voegborlo et al., 1999). Metal packaging for foodstuffs includes a very diverse range of materials. Most of the metal packaging has an internal food contact coating, which is essential to the performance of the packaging. Degradation of the coating could result in failure of the packaging and consequential spoilage of the foodstuff as metals leak from the packaging (ILSI, 2007).
Determination of heavy metals in foods varies among geographic distribution, difference in sampling methods, analytical techniques. Several international studies have reported high level of cadmium, lead, and zinc residues in milk among the other pollutants (Baratakos et al., 2001).
Prepackaged foods should be labelled with clear instructions to enable the next person in the food chain to handle, display, store and use the product safely. Labeling enables consumers make comparisons with similar products and to make an informed choice in planning their daily meal and adopt healthy dietary practices (Hawkes, 2004). It is, however, essential to ensure that the informations provided are accurate and truthful (WHO, 2004). The description of food refers to the information given to its name, its ingredients, its origin or processes through which it has undergone. This requires food to be marked or labeled with certain requirements such as: the name of the food, a list of ingredients (including food allergens), an appropriate durability indication (e.g. 'best before' or 'use by'), any special storage conditions or instructions for use, the name and address of the manufacturer, packer or retailer, and the place of origin (National Codex Committee, 2010).            
In Ethiopia, proclamation number 189/2002 has been enacted to make sure the quality and safety of any food delivered to the public is of acceptable standards. Therefore, standard has been established for food retailers, importers and manufacturers by the Federal Ministry of Health of Ethiopia (EFMHCA, 2011).
Canned dry-milk and fish are frequently and largely consumed by the community in Addis Ababa city. According to the Central Statistical Authority and Ethiopian Revenue and Custom Authority import and export data, about 9,267 tons of canned fish (CSA, 2011) and 2,357 tons of canned powder milk were imported to Ethiopia in 2011 (ERCA, 2012).
[bookmark: _Toc341758509]As food hazards can be introduced at any stage of the food supply chain, adequate controls throughout the food chain are essential and a combined effort of each food business and input supplier is required to ensure food safety (NCC, 2010).
2. [bookmark: _Toc361639151][bookmark: _Toc341758510]OBJECTIVES OF THE STUDY
2.1. [bookmark: _Toc361639152] General Objective
The general objectives of this study is to determine the concentration of Cadmium, Copper, Lead and Zinc residues, and compare their nutritional value to the labeled information in four brands of canned dry-milk and fish collected from different supermarkets in Addis Ababa. 

2.2. [bookmark: _Toc341758511][bookmark: _Toc361639153] Specific Objectives
1. To determine the concentration of Cadmium, Copper, Lead and Zinc residues in four brands of canned dry-milk.
2. To determine the concentration of Cadmium, Copper, Lead and Zinc residues in four brands of canned fish.
3. To compare the labeled nutritional information to determined values of the foods.
4. To assess the storage conditions of canned fish and dry-milk at supermarkets in Addis Ababa.


3. [bookmark: _Toc361639154]MATERIALS AND METHODS
3.1. [bookmark: _Toc361639155] Study Area
The study was conducted in canned dry-milk and fish collected from supermarkets in Addis Ababa, Ethiopia. Addis Ababa is located at 9°1′48″ north of equator and 38°44′24″ east ﻿ / ﻿longitude with an area of 540 km2 and 2500 meter above sea level founded in 1886. According to the 2010 census estimate the city had a population of about 3 million. Its average temperature is 16 0c while its annual rainfall is 1221 millimeters (CSA, 2010). Data from the city trade bureau indicated that there are about eighty five supermarkets in the city commercializing different brands of canned foods including canned dry-milk and canned fish imported from different countries; except Abay powder milk which is the only powder milk produced in Ethiopia (ERCA and AATB, 2012).

3.2. [bookmark: _Toc361639156]Study Design
Laboratory based cross-sectional study design of four different brands of canned dry-milk and canned fish samples were analysed for four heavy metals (Cd, Cu, Pb, and Zn). The nutritional composition (carbohydrate, fat and protein content) analysis in laboratory and the foods storage condition at the supermarkets were assessed by structured questioner. Complete Randomized Design (CRD) statistical design was used. The determination of metal level was done at three laboratories, Debrezeit Agricultural Research Center, Environmental Protection Agency and Ethiopian Conformity Assessment Enterprise. The samples preparation for instrumental analysis and nutritional value quantification was done at research laboratory of the Center for Food Science and Nutrition of Addis Ababa University, and Ethiopian Health and Nutrition Research Institute from February to March 2013. The three laboratories results were used to validate the reliability of the AAS readings.

3.3. [bookmark: _Toc361639157]Sampling Design 
Four most commonly consumed brands of canned dry-milk (Abay, Coast, Nido and France Lait) and four varieties of canned fish (Chiara, Delight, Diamond, and Nicola) were purchased from eight supermarkets, selected by simple random sampling method. Two cans per brands were collected from February to March 2013; and coded as AM, CM, FM and NM; and CF, DIF, DF and NF for canned dry-milk and fish respectively. Accordingly, the total number of canned dry-milk and canned fish was eight each. The duration of foods in cans, company and brand names, net weight of sample, manufactured and expiration date and ingredient were considered while sampling. Then the samples were transported to Food Science and Nutrition Research laboratory and analysed immediately. The food samples nutritional values (protein, fat and carbohydrate content) were analysed and compared to the nutritional values labele on the cans. The eight supermarkets from where the food samples collected were assessed for their storage condition using structured questioner.
 
3.4.   Chemical Analysis
3.4.1. [bookmark: _Toc361639158]Apparatus and Chemicals
All glassware were soaked overnight in 10 % (v/v) nitric acid and rinsed with distilled water and dried before using. The analytic grade chemicals including ultra pure HNO3 and H202 have been used in the entire analysis. The equipments were cleaned and made ready before use (AOAC 986.15). 

3.4.2. [bookmark: _Toc361639159]Wet Digestion
To extract and concentrate the heavy metals AOAC method (AOAC, 1990) was used. Briefly, after opening each can, the milk and fish sample were homogenized thoroughly in a food blender with stainless steel cutters. Duplicate of 2.00 ± 0.001 g and 5.00 ± 0.001 g of the homogenized fish and dry-milk respectively were sampled in pre-washed and dried 100 mL digestion flask. Mixed 10 mL HNO3 and 2 mL H2O2 (Rankem, RFCL-New Dalhi, India) were added to the samples. Then, they were digested on hot plate for four hours at 240 0c for fish and five hours at 300 0c for milk samples in digestion hood to vaporize the organic constituents till it changed to light yellow. Then the resulting solutions were cooled and filtered by whatt-man filter paper in volumetric flask and made-up to 50 mL volume with distilled water.
Standards of lead and cadmium stock solution in different concentration and blank were run in each procedure for quality assurance. The samples were placed in tagged plastic sample bottle for AAS reading at Ethiopian Institute of Agricultural Research (EIAR) at Debrezeit research center.
 
3.5. [bookmark: _Toc361639160]   Instrumental Analysis
The Heavy metals (Cd, Cu, Pb and Zn) analyses were conducted using S Series AA Spectrometer (Japan) model of Flame Atomic Absorption Spectrophotometer (AAS) at Debre Zeit Agriculture research center. Concentration working standards of Cd, Cu, and Zn were prepared at 0.25, 0.5, 1, and 1.5 mg/L; and for Pb at 0, 0.5, 1 and 2 mg/L and set for the calibration of the AAS reading. The same sample reading was conducted at Environment Protection Agency (EPA) and Ethiopian Conformity Assessment Enterprise (ECAE) laboratories to validate the reliability of AAS reading.  
 
3.6. [bookmark: _Toc361639161] Nutrient Analysis
Protein, fat, ahs and moisture Content were Determination by AOAC 2000 official method 
The carbohydrate content was determined by difference method. 
Calculation of Energy Value:
The energy yields of the milk were calculated as: 
Energy Value = Carbohydrate + Fat + Protein; and 
For the fish as Energy Value = Fat + Protein
Where; Fat = 9 kcal/gram; Protein and carbohydrate each =4 kcal/gram

3.7. [bookmark: _Toc361639162]  Assessing the Storage Condition of Supermarkets
The storage conditions of the supermarkets from where the samples collected were assessed by using standardized questioner (Appendix 2). The questioner was developed sourcing the standards used by EFMHACA to evaluate supermarkets. 
3.8. [bookmark: _Toc361639163]Statistical Analysis
Data analysis was computed using SPSS software version 20. Descriptive statistics like range, and arithmetic mean ± SD were used to express the concentration of each heavy metal. One-way ANOVA was used to test the difference of samples means among brands. The relationship between metal and nutrient value of all brands were evaluated by multiple correlation matrixes. Student t-test was used to compare the nutritional label to observed nutritional values at 95% confidence level. The associations of the supermarkets condition to the level of heavy metals were done by chi-square.
[bookmark: _Toc341758512]

4. [bookmark: _Toc361639164] RESULTS AND DISCUSSION
4.1. [bookmark: _Toc361639165]  Canned Dry-Milk
4.1.1. [bookmark: _Toc361639166]Labeled Proximate Composition 
A total of eight canned dry-milk samples from four brands were collected from different supermarkets in Addis Ababa. The samples were analysed for their Cd, Cu, Pb, and Zn level. The three brands of dry-milk were imported and the fourth was from Ethiopia. All the cans were well labeled, have manufacture and expired date, tightly sealed and did not have cracks, dent or bulges.

4.1.2. [bookmark: _Toc361639167]Heavy Metal Analysis
The NM milk brand contain the lowest level of copper in contrast to the CM milk brand from Holland  which is 16 times higher (1.512±0.954 mg/g). The levels of copper in the four brands of milk were lower than the FAO/WHO maximum tolerable limit (10 ppm). The highest copper level in CM brand is comparable to (1.62 ± 0.31 mg/g) the report in canned milk by Itodo and Happiness (2010) findings from village markets in Sokoto state, Nigeria. But lower than (1.8±1.1 mg/kg) a study on raw milk of cattle by Al-Wabel (2008) in Saudi Arabia. The findings of this study is similar to the study in three countries, US (Pennington & Young, 1990), Italy (Boccia et al., 2000) and Spain (Cuadrado et al., 2000), that concluded dairy products particularly zcow’s milk are poor sources of the metal. 
Table 1: Mean ± SD content of heavy metals (mg/g in wet-base) in four brands of canned dry-milk from supermarkets in Addis Ababa, 2013. 
	Brand Code
	Cu
	Zn
	Cd
	Pb

	AM
	1.053±0.314ab
	21.307±8.796a
	0.202±0.309c
	5.374±2.048a

	CM
	1.512±0.954a
	17.039±3.335a
	1.991±0.47a
	8.077±2.094a

	FM
	0.88±0.769ab
	16.177±1.528a
	1.885±0.336b
	5.921±5.045a

	NM
	0.094±0.074b
	23.679±1.359a
	1.114±0.878abc
	15.999±8.392a

	          AML
	10
	150
	0.2
	1.5


AML: Allowable Maximum Limit in ppm according to FAO/WHO, 1984 
At each level of parameter, the mean with different superscript in the same column are significantly different at P ≤ 0.05 levels.
The relative level of Zn was highest (23.679±1.359 mg/g) in NM brand from Netherland and lowest (16.177±1.528 mg/g) in FM dry-milk from France. Generally, the levels of zinc in all dry-milk brands were lower than the maximum limit (150 ppm) according to the FAO/WHO, (1984) standards. No significant difference (p≤ 0.05) in the mean Zn content was found among the brands considered in this study. Significantly higher (P ≤ 0.05) level of Cd (1.991±0.47mg/g) was observed in CM milk brand from Holland and it is above the maximum tolerable limit 0.2 ppm (FAO/WHO, 1984). Although compared to CM and FM brands, the Cd level was significantly lower (0.202±0.309 mg/g) in AM milk brand from Ethiopia, it was slightly higher than the tolerable maximum limits. But similar to the mean values of Cd contents (0.2 ± 0.008μgg-1) were reported by Adams and Happiness (2010) in four brands of unlacquered canned milk studied in Nigeria.
According to FAO/WHO (1984) limit of lead is 1.5 ppm, and significantly higher level (15.999±8.392 mg/g) of lead was observed in NM milk brand from Netherlands compared to the lowest (5.921±5.045mg/g) that of FM milk brand from France was also lower than mean lead value (11.2 + 0.48 mgg-1) by Itodo and Happiness, (2010). Soldering is a source of lead contamination in the canning process (Voegborlo et al., 1999). Lead poisoning is generally ranked as the most common environmental health hazard (Goyer, 1994). 
4.1.3. [bookmark: _Toc361639168]Nutritional Value of the Canned Dry-Milk
The nutritional composition of the four brands of canned dry-milk were determined and compared to the nutritional labels on the each cans. The determined and labeled protein content of the AM brand was the only parameter that did not significantly (p ≤  0.05) differed. 
Table 2: Comparison of (mean ± SD) observed nutritional value in percent (wet-base) of four brands of milk common from supermarkets in Addis Ababa, 2013.
	Brand code 
	Fat
	Protein
	Carbohydrate

	
	Observed      
	Labeled 
	Observed      
	Labeled 
	Observed      
	Labeled

	AM
	5.125 ± 2.136a
	28.8b
	16.635 ± 5.393a
	24.5a
	70.516 ± 5.607a
	38.3b

	CM
	2.715 ± 0.257a
	28b
	8.021 ± 0.199a
	26b
	88.530 ± 4.212a
	37.2b

	FM
	3.625 ± 1.25a
	26.2b
	17.133 ± 1.753a
	26b
	73.523 ± 2.818a
	38.6b

	NM
	3.375 ± 2.213a
	28.2b
	16.327 ± 4.267a
	24b
	73.877 ± 6.237a
	37.4b


At each level of parameter means in the same row means with the different superscripts are different at 0.05 significantly level. 
The mean observed percent fat and carbohydrate content of all brands of canned dry-milk were significantly (p ≤ 0.05) different from the labeled one.  But there is no significance difference between the mean observed and labeled percent protein value of AM dry-milk brand.
Table 3: Comparison of (mean+SD) observed energy value (wet-base) and labeled of four brands of dry-milk from supermarkets in Addis Ababa, 2013.  
	Dry-Brand code   
	Energy yield in kcal/g
	Percent difference

	
	Observed  
	Labeled 
	

	AM
	394.730 ± 10.201a
	510b
	22.602

	CM
	410.635 ± 15.998a
	510b
	19.483

	FM
	395.248 ± 7.503a
	494b
	19.990

	NM
	391.191 ± 11.732a
	508b
	22.994





Mean values with different superscript in same row are significantly different at 95%. 
There is a statistical significance (p ≤ 0.05) difference in the determined energy values among the four brands of canned dry-milk. In addition, the labeled and determined energy values were statistically different in all the four brands at (p ≤ 0.05) confidence levels. Multiple correlation analyses were done for the four heavy metals to each other and to nutrient value of the four dry-milk brands. The zinc and protein level in AM canned dry-milk were significantly positively correlated (r = 0.999) at p ≤ 0.01. But copper and cadmium had significantly negative correlation (r = -0.997) at p ≤ 0.01. In the CM milk brand the zinc and carbohydrate level were the only significantly correlated (r=0.993) parameter at p ≤ 0.01. The FM milk brand protein and carbohydrate, cadmium and lead level were significantly negatively correlated (r = -0.955) at p ≤ 0.01 and (r = - 0.983) at 0.05 respectively. In the NM canned dry-milk brand the carbohydrate level was significantly negatively correlated with both fat and protein levels at r = -0.976 and r = -0.991 at p ≤  0.05 and 0.01 respectively.  Zinc had strong negative correlation (r = -0.975) with fat and strong positive correlation (r = 0.979) with carbohydrate at 0.05 confidence levels.
4.2. [bookmark: _Toc361639169]  Canned Fish
[bookmark: _Toc356806149][bookmark: _Toc356807238][bookmark: _Toc356819797]A total of eight cans, four brands of canned fish, from different country of origin packed with brine, sunflower oil, and vegetable oils usually commercialized in supermarkets were analysed for their Cadmium, Copper, lead, and Zinc levels. Three cans were well labeled for their nutritional values but the DF brand packed in brine and imported from Vietnam doesn’t have labeling for its nutritional values. One of the CF brand packed in sunflower oil imported from Spain was deformed at its sides.  All they have manufacture and expired date. 
Table 4: Nutrition information of the sampled canned fish from supermarkets in Addis Ababa, 2013.
	Brand Code
	Country of origin
	Packed in 
	Net wet (g)
	Storage Temperature (o c)

	CF
	Spain
	Sunflower oil 
	80
	24

	DF
	Vietnam
	Brine 
	170
	25

	DIF
	Thailand
	Sunflower oil
	185
	23

	NF
	Indonesia
	Vegetable oil
	125
	24



4.2.1. [bookmark: _Toc361639170]Heavy Metals Analysis
In this study, relatively the highest cadmium residue (3.541±2.467mg/g) was observed in CF fish brand from Spain packed in sunflower oil and the lowest (0.381±0.274 mg/g) was in NF fish brand packaged in vegetable oil from Indonesia. The levels of Cd in all the four fish brands were lower than a study by Tuzen (2003) (20 mg/g) in fish from Turkey; and also canned tuna from US (1.9 mgg-1), the study by Balakrishnan et al., 2011 in India, except the CF brand. In addition the levels of Cd in the four brands of canned fish were higher than a study by Islam et al., 2010 found in canned Bluefin tuna Thailand (0.13 ± 0.04 mg/kg) and Korea (0.053±0.005 mg/kg). Except the NF fish brand, the cadmium content of other three brands were above 0.5 mg/kg, the maximum permitted level by FAO/WHO (1972). Statistically, there was no significance difference between the four brands of fish on their Cd levels at 0.05 confidence value. The most common toxic effects of cadmium in human is renal failure, accumulation in the bone resulting in calcium loss and malfunctioning of peripheral and central nervous system (Castro et al., 2008).

Table 5: Comparison of concentration of heavy metals (mean± SD and range) mg/g in wet weight base in canned fish from supermarkets in Addis Ababa, 2013.
	Brand Code 
	Packed in
	Cd
	Cu
	Pb
	Zn

	CF
	Sunflower oil
	3.541±2.467a

	3.004±1.809a

	6.574±2.899a

	33.897±3.670a


	DF
	Brine 
	1.863±0.243a

	0.68±0.449b

	ND

	4.447±1.087a


	DIF
	Sunflower oil
	2.174±0.559a

	0.319±0.232b

	5.185±0.000a

	1.976±0.868a


	NF
	Vegetable oil
	0.381±0.274a

	0.864±0.1ab

	1.791±0.275a

	0.08±.004a



In each level of parameter the means with different superscript are significantly different at p ≤ 0.05.
ND: Not Detected

Lead is known to induce reduced cognitive development and intellectual performance in children and increased blood pressure and cardiovascular disease in adults. Lead also may cause learning disabilities, impaired protein and hemoglobin synthesis and shorten the lifespan of red blood cells which leads to severe anemia in children (Sultana et. al, 1998). The maximum lead level permitted for canned fishes is 0.2 mg/kg according to the European Communities (Commission of the European Communities, 2001).
In this study, the highest content of lead (6.574±2.899 mg/g) was observed in CF fish brand from Spain packed in sunflower oil which was much higher than the entire standard on table 11 above. But it was not detected in DF fish brand from Vietnam packed in brine. The lowest level of lead (1.791±0.275mg/g) was observed in NF fish brand from Indonesia which is lower than the US EPA and MAFF maximum level, and also in canned tuna fish from Libya (2.9 mg/g) (Voegborlo et al., 1999), and 1.95 mg/g in canned fish from Turkey (Celik and Oehlenschlager, 2006).
The highest level of Cu (3.004±1.809 mg/g) was found in CF fish brand packed in sunflower oil from Spain. This value was fewer lower than level of Cu (3.13±2.53 mg/kg) found in the bluefin canned tuna of Korea and the lowest Cu level (0.442±0.088) was observed in DIF fish brand packed in sunflower oil from Thailand lower than level (0.63±0.06 mg/kg) in the ventral muscle of silver pomfret fish as Islam (2010). But the finding in this study is much lower than the maximum permitted limit of Cu in fish (120 mg/kg) given by US EPA (2004).
Zinc is known to be involved in most metabolic pathways in humans and zinc deficiency can lead to loss of appetite, growth retardation, skin changes and immunological abnormalities. Zinc is widespread among living organisms, due to its biological significance. The highest average zinc concentration (33.897±3.670 mg g-1) was observed in CF fish brand from Spain packed in sunflower oil and the lowest (1.918±1.872 mg g-1) was observed in NF fish brand packed in vegetable oil from Indonesia. The maximum zinc level permitted for fish is 150 ppm by FAO/WHO (1984). 
Generally, it can be concluded that the level of copper depends on the brands of canned fish. The CF canned fish brand was significantly (p ≥ 0.05) different from the other two brands (DF and DIF) in its level of copper residue. But the level of Zn, Cd and Pb did not significantly depend on the brand of fish at 95% confidence level. In addition, the levels of the four heavy metals in CF brand packed in sunflower oil were higher than the other three brands.
4.2.2. [bookmark: _Toc361639171]Nutritional value of the canned fish
The DF fish brand from Vietnam was not labeled for its nutritional value. Samples of the above three canned fish brands were randomly analysed for their nutrition value and compared to the labels on their cans as in table 5 below.


Table 6: Fat, protein (g/g) and energy yield (kcal) content per gram (mean± SD) (wet-base) of canned fish from supermarkets in Addis Ababa, 2013.
	Sample  ID
	sample
	Fat content
	Protein content
	Energy value

	
	
	Determined 
	Labeled
	Determined 
	Labeled
	Determined 
	Labeled

	CF
	2
	32.845 ± 5.909a
	21b
	6.245 ±1.486a
	22.5b
	320.659 ±4.773a
	279a

	DIF
	2
	18.472 ± 0.555a
	9b
	12.333±1.234a
	27.1a
	215.578 ±5.504a
	189b

	NF
	2
	21.570 ± 1.530a
	18b
	5.441 ±0.868a
	23b
	215.896 ±12.54a
	254b


At each level of parameter the mean with different superscript in the same row are significant different at p ≤ 0.05. 
Determined and labeled fat and protein content of the three fish brand were statistically different (p ≥ 95%). But the determined and labeled energy value of the brand CF don have significant different at p ≤ 0.05. Generally, since the difference between determined and labeled energy yield of the three fish brands were lower 20 %. As a result it can’t be considered misbranded according to FDA, (2009). 
Multiple correlation analysis for mean values of the four heavy metals to each other and to their nutrient values of the three brands of fish was also assessed. There was positive correlation (r = 0.994) between the cadmium and protein levels at p ≤ 0.01. But lead and zinc were negatively correlated to the protein content at p ≤ 0.05.  The zinc and fat had positive correlation (r = 976) at p ≤ 0.05. Zinc do have negative correlation (r = -0.979) with cadmium at p ≤ 0.05. But positively correlated (r = 0.990) with lead level at p ≤ 0.01. In addition cadmium and lead negatively correlated (r = -0.950) at p ≤ 0.05. In the DIF fish brands, the mean copper level and protein level were the only positively correlated (r= 0.993) parameters at p ≤ 0.01 (table 12).
The mean lead level had significant correlation with the protein (r=0.958) and copper (r=0.964) level at p ≤ 0.05 (table 13).
4.3. [bookmark: _Toc361639172] Method Validation
Known standard of Pb and Cd were added while running the laboratory procedure. Accordingly the recoveries of the elements were 91.324 % for Pb and 111.93 % for Cd. In addition to Debrezeit Agricultural Research Center Laboratory, the same samples were analysed for their heavy metal content at ECAE and EPA laboratories. The result indicated no significant difference between the three laboratories for the four metals residue level.   Fat and protein analysis were also done at EHNRI and Hillina laboratories to confirm the results are not significantly different. The analysis result at the three laboratories indicated that the mean nutrient values did not show significance difference.

Different concentration working standards were used to calibrate the AAS for Cu, Cd and Zn at 0.25, 0.5, 1 and 2 mg/L, and for Pb 0, 0.5, 1, 2, and 4 mg/L. The absorbance versus concentration curve of each parameter is displayed as follows in figure 3 and 4. All the parameter show linear relationship and obey beer’s law.
 

Limit of detection and quantitation were determined for each blanks run with samples. Lead levels in each blank were below detection limit in these samples.








Table 7: Limit of detection (LOD) and limit of quantification (LOQ) in mg/g  
	Blank code 
	Cu 
	Zn 
	Cd 

	  CF24 
	0.204 
	3.583 
	0.1303 

	  DFD 
	0.1193 
	0.1369 
	0.2136 

	  FS2 
	0.0023 
	0.3261 
	0.0442 

	SD
	0.091 
	1.732 
	0.076 

	LOD
	0.27 
	5.19 
	0.23 

	LOQ
	0.91 
	17.33 
	0.76 


SD: Standard deviation
LOD: limit of detection
LOQ: limit of quantification

4.4. [bookmark: _Toc361639173]   Supermarkets Storage Condition 
The storage conditions of all supermarkets where the sampled canned dry-milk and fish were collected don’t completely fulfill all of the criteria’s as per the questioner. On average, four supermarkets have good storage that match with the expected standard. But the storage conditions of the other four supermarkets were not to the expected standard of storage condition. Briefly, the designs of the three supermarkets were not to the expected standards. Designs of the rooms do have an influence on the quality of stored food. In this study five supermarkets design were to the standard and their wall and floor were made from easily cleanable materials, yet their roof can’t resist heat. But the storage area and quantity of stored food in four supermarkets don’t match. They were too crowded and do not allow free air movement. Six supermarkets do not have a separate space for storage of suspected or deteriorated foods.




Table 8: Building condition of selected supermarkets in Addis Ababa, 2013 (n=8)
	No. 
	Characteristic
	Frequency

	1
	Design of supermarkets
· Up to standard
· Below standards
	
5
3

	2
	The storage rooms area  
· Enough for the stored foods
· Not enough for stored foods
	
4
4

	3
	Space for suspected, or deteriorate foods
· Do have separate space
· Don’t have separate space 
	
2
6

	4
	Wall and floor made from
· Easily clean able material
· Not easily clean able material
	
5
3

	5
	Storage room and building material condition
· Can resist heat
· Can’t resist heat
· Allow direct sun ray
· Don’t allow direct sun ray
· Well ventilated and illuminated
· Poor ventilation and illumination
	
5
3
4
4
3
5



The associations of the above storage condition, particularly the illumination and ventilation, to the level of heavy metals were analysed, as chi-square provides a statistical test for ascertaining whether an association exists between the two variables follows in table below.



Table 9: Association of cadmium level in fish samples to storage condition of the supermarkets in Addis Ababa, 2013
	
Percent of Total crosstab
	 
	Illumination and ventilation
	Total

	 
	Up to standard
	Below standard
	

	Cadmium 
	Above* 
	12.5%
	 
	12.5%

	 
	Below *
	12.5%
	75.0%
	87.5%

	                        Total
	25.0%
	75.0%
	100.0%


*Maximum tolerable limit of Cd FAO/WHO, 1984
Chi-Square Tests
	 
	Value
	Df
	Asymp. Sig. (2-sided)

	Pearson Chi-Square
	6.857(b)
	1
	0.009

	Continuity Correction(a)
	3.048
	1
	0.081

	Likelihood Ratio
	6.511
	1
	0.011

	N of Valid Cases
	16
	 
	 


a  Computed only for a 2x2 table
b  3 cells (75.0%) have expected count less than 5. The minimum expected count is .50.

There was evidence that the level of Cd in canned fish was significantly (at p≤ 0.05) associated to the illumination and ventilation condition of the supermarkets. There was no evidence that the level of Pb in canned fish was significantly (at p≤0.05) associated to the illumination and ventilation condition of the supermarkets. There was no evidence that the levels of Cd in canned dry-milk were significantly associated (p≤0.05) to the illumination and ventilation condition of the supermarkets. There was no evidence that the levels of Pb in canned dry-fish were significantly at 0.05 associated to the illumination and ventilation condition of the supermarkets. 

[bookmark: _Toc361639174]

CONCLUSION AND RECOMMENDATION
From this study, it can be concluded that the level of Cadmium and Copper residues in canned dry-milk significantly vary among brands at 95 % level. The AM milk brand from Ethiopia was safe in cadmium level.  But imported canned dry-milks were not safe in their cadmium and lead level for consumption. Since the entire dry-milk brands were not good sources of copper and zinc, those who depend on the canned dry-milk for their copper and zinc requirement should search additional sources. 
The labeled and determined nutritional value of all the dry-milk brands were significantly (p=0.05) different. Therefore, making comparisons based on the nutrient information labels on cans might be misleading. 
The levels of copper residue significantly vary among brands of canned fish. The three fish brands, CF, DF and DIF were not safe due to their cadmium residue as it was above the permitted level of FAO/WHO (1972). But the cadmium and lead level in the NF fish brands from Indonesia packed in vegetables oil, and the lead level in DF brand packed in brine are safe. 
Labeled and determined nutritional values of NF and DIF fish brands were significantly different at 95% confidence level. 
Canned dry-milks were good sources of Zn than canned fish; but neither canned fish nor canned dry-milks were good sources of Cu. Therefore, search for more sources of these minerals is a recommendation for those who rely on these foods. 
Since the supermarkets storage conditions do have significant associations (x2=0.05) with the levels of cadmium in the canned fish, their environmental factors should be kept at safe storage condition. 
Determining the permissible limits for heavy metals in all canned dry-milk and fish should be a routine activity; and those above the limit should be discarded from super markets. The reliability of canned food labels should be checked routinely to ensure the food safety. In addition there is also a must for producers to label their food products with the actual nutritional information so that consumers can really on. 
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Fig 3: FAAS Calibration Curve for Cd, Cu and Zn
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Fig 4: Calibration Standard Curve  for Pb
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