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1. Introduction 

Prior to the middle of the nineteenth century, pet owners fed their pets a homemade food because commercial pet 
foods were not available. Recently, pet owners have become interested in both quality and safety of foods that they fed 
their pets, they pay most attention to select a product able to provide optimal nutritional requirement, promote long-term 
health sustainability, highly palatable and of better economic return. Proximate chemical composition is the primary 
indicator that could be used for nutritional value evaluation of food since it provides a basic data help in diet formulation, 
yet it does not concern the palatability and bioavailability of different nutrients. Moreover, water activity (aw) and 
mycotoxins levels are indicators that should be determined during dry pet food safety evaluation. 

Water activity can be defined as the water's energy status in a product (unbound or free water) which its value 
ranges from 0 to 1.0. Water activity is already used since the 1960's in commercial pet foods. Moreover, moisture content 
provides information concerning product quality, but it cannot be regarded as the effective tool for product quality and 
safety because it describes the total water amount (both bound and free) without specification separately, and only 
unbound water is responsible for product microbial contamination and spoilage. Moisture content may be higher than the 
allowable levels, but if the water activity is adequately low, the microorganisms cannot use the water to maintain their 
growth. Both moisture and water activity are important measures, but water activity is the only measure which can be 
considered as the most effective tool providing the most valuable data about product quality and safety. Drying pet food 
below a critical water activity level can be an effective way for microbial growth control (1). Baser and Yalcin (2017) 
carried out a surveillance study on 36 sample of both dog and cat extruded dry food available in Turkish market to 
evaluate their quality characteristics. They subjected samples to water activity and moisture analysis and found that water 
activity mean recorded 0.41 and 0.44, moisture content was 5.80% and 6.44% for cat and dog foods respectively. They 
stated that samples are safe, durable and not susceptible to any distortion. 
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Abstract:  
A surveillance study was conducted to evaluate the nutritional value and safety of some puppies' commercial dry foods 
available in Egypt. A total of (100) extruded puppies' dry food samples (18 imported and 2 locally produced) were 
collected from different batches and subjected to proximate analysis for determinations of Moisture, Crude protein, 
Ether extract, Crude fiber and total ash%. Moreover, all samples were examined for their water activity values as well 
as Mycotoxins levels (Aflatoxins and Ochratoxins). Results of proximate analysis in comparison with the values stated 
on the bag label revealed that, moisture ranged from 4.95 to 11.36 %, CP ranged from 23.37 to 40.96 %, EE ranged 
from 5.35 to 19.21, CF ranged from 1.30 to 4.19 % and total ash ranged from 3.48 to 12.49 %. Water activity values 
(aw) ranged from 0.43 to 0.71 in comparison to the standard acceptable level of 0.6 for dry food, a condition that may 
be explained on the basis that the examined puppies' dry foods might be subjected to excessive dryness during the 
manufacture as a tool for protection against microbial growth. Results of Aflatoxins levels revealed that all samples 
were proved to be positive for the presence of Aflatoxins, 30% of them were over the permissible limits, which ranged 
from 1.2 to 17.6 ppb. Furthermore, all examined samples were proved to be positive for Ochratoxins with minimum 
and maximum levels 0f 3.9 and 42.3 ppb respectively. 
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 Another important factor that determines the safety of dry pet food is its content of mycotoxins (2, 3). Dry dog food 
should not have any fungi contamination and the maximum allowable Aflatoxin B1 limit in mixed foods for dogs were set 
at 10μg/kg (4). Chronic Aflatoxin exposure with a range between 0.05 to 0.3 mg Aflatoxins per kg pet food over 6–8 weeks 
is characterized by lethargy, anorexia, intravascular coagulation and jaundice (5). The daily dose of 0.2 mg Ochratoxins /kg 
BW for 2 weeks or a single dose of 7.8 mg Ochratoxins /kg BW was lethal to young beagle dogs (6). 
 Dogs are highly sensitive to mycotoxins toxicity, and several mycotoxins’ outbreaks have been reported in 
commercial pet foods. A recall on December 20, 2005 was posted by the U.S Food and Drug Administration, where 
nineteen of different pet food types produced at a single facility in Gaston, South Carolina were excluded from the sale, 
aflatoxins were proved to contaminate about sixteen batches of pet food at levels greater than or equal to 20 ppb. 100 dogs 
died in weeks within this outbreak, thus the veterinarians were alarmed (7). The Ochratoxin A (OTA) concentrations were 
measured in some commercial dog and cat food, 19 samples were contaminated with OTA and 21 samples contained no 
detectable concentrations of OTA, 13.1μg/kg was the highest measured level which had been detected in dry dog foods (8). 
A total of 60 sample of dry and wet dog food available in California; USA were examined for existence of 11 type of 
mycotoxins (Aflatoxins B1, B2,G1 and G2; Deoxynivalenol; Fumonisin B1, B2; HT-2 toxin; Ochratoxin A; T-2 toxin and 
Zearalenone). Results revealed measurable mycotoxin concentrations in dry dog foods containing grains but not in grain-
free dry dog foods, or in wet foods either containing grains or grain-free. This study suggests that the risk of mycotoxin 
exposure is higher in dry dog foods containing grains. 

The caloric distribution in dog food during growth was recommended to be 41% of energy supplied from fat, 32% 
from carbohydrates and 27% from protein (9). The minimum protein concentration for growth was increased slightly 
from 22% to 22.5% DM (10), and 25% (< 14 weeks of age) while 22% (> 14 weeks of age) for maximum nitrogen 
retention (11). The dietary fat requirements as a DM percent for dogs from weaning to adulthood ranged from 10 to 25 % 
(12). Carbohydrates can be included in dry foods for dogs with a range of 30% to 60% (13). The crude fiber can be 
supplemented up to 5% in dog diets (14). Ash percent of high-quality dry pet foods generally range from 5-8 percent (15). 
Nowadays a wide variety of imported and few locally produced commercial dry dog foods for different health conditions, 
life stages, physiological states and activity levels are currently available in the Egyptian market and used widely in 
practical dog feeding. However, the exact nutrient contents and their safety are not well established yet. 

On the basis of the above-mentioned data, the exact nutrient contents of puppy stage dry foods and their safety 
are not well established yet. So that, the objective of the present study was to evaluate the nutritional value and safety of 
most of the imported and locally produced commercial dry dog foods available in the Egyptian market in order to offer the 
surveillance results to dog owners as a reference. 
 
2. Materials and Methods 
 
2.1. Sample Collection 

A total of (100) extruded dry dog food samples for puppy stage were randomly collected from 18 different 
imported foods and from 2 types of locally produced foods (different batches) from different localities available in the 
Egyptian market. The collected samples having the following trade names (Brit®, Josera Junior1®, Mera dog Junior1®, 
Mera dog breeder®, Proseries®, Alpo®, Dog chow®, Monello®, Pedigree®, Kongo®, Naxas®, Miglior®, Royal Canin®, 
Platinum®, Instinct®, Eukanoba®, Earth born®, Sportmix®, Canido®, My Dog®). The collected dry samples were kept in 
tightly closed containers and stored for further examination 
 
2.2. Proximate Analysis 

The collected samples were subjected to proximate analysis for determination of Moisture, CP, EE, CF and total 
ash%, according to AOAC (2000) (16). All analytical procedures were carried out in Animal Nutrition Integrated Solutions 
Laboratory (ANIS). 
 
2.3. Determination of Aflatoxins and Ochratoxins levels 

The collected samples were subjected to detect and measure both of aflatoxins and ochratoxin levels using VICAM 
device with S/N 0383 
 
2.4. Determination of Water Activity (Aw) 

All the collected samples were examined for their water activity values by using NOVASINA AG Lab Master aw 
device with S/N 1203016, 2014 device (Switzerland). 
 
3. Discussion 

The results of the average proximate chemical composition of the collected puppies’ food samples are illustrated 
in table (1). Results concerning the average crude protein contents of food samples revealed a wide diversity of their crude 
protein content since the CP% ranged from 23.37 to 40.96; about 60 out of 100 tested samples (60%) were found to be 
lower in their crude protein content in comparison to the values stated on their bag label, only 15% of the tested samples 
were almost close to their bag label values, while the rest (25%) were higher in their tested protein values than the bag 
label ones. 

These values appeared to be almost close to protein requirement recommendations for puppies; 26 to 28% for 
large and giant dog breeds (17) and 25% (< 14 weeks of age) while 22% (> 14 weeks of age) for maximum nitrogen 
retention (11). The reduced protein values in most of the commercially puppies' dry foods may result in miss calculation of 
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the energy intake for puppies which adversely affect their performance. Meanwhile, samples that recorded higher protein 
values may not only result in miss calculation of the energy intake but also may lead to nitrogen smell in puppies’ excreta, 
as the higher undigested protein in the hind gut may result in greater protein putrefaction (18-21). 

Results concerning the ether extract (EE) content of the tested puppies' food samples (table 1) showed a great 
variation in their EE percent, as it ranged from 5.35 to 19.21; about 75% of the tested food samples were found to be lower 
than their bag label values, while 15% of the tested samples were higher than their bag label values and the rest (10%) 
were almost a little bit exceed their bag label values. EE % requirement on the DM basis for dogs from weaning to 
adulthood ranged from 10 to 25 (12). Our findings appear to be almost close to fat requirement with a minimum value of 
8%, with few exceptions (22). It is a well-established fact that fat contents in the puppies' diet appeared to be crucial during 
their growth, especially when nutritionists recommended the caloric distribution during growth to be 41% of energy 
supplied from fat, 27% from protein and 32% from carbohydrates (9). The consequence of reduced crude fat values in 75% 
of the tested samples may also result in miss calculation of the food energy density equation, and therefore misses 
calculation of energy and food intake.  

Results illustrating the crude fiber contents of different samples (table 1) showed that the CF% ranged from 1.30 
to 4.19, about 85% of the tested samples were found to be below their maximum label values, while the other 15% were 
almost a little bit exceed their label values. These results appeared to be almost close to fiber recommendations for dogs; 
up to 5% in dog diets (14). The results of crude fiber contents of the collected food samples which indicated that about 85% 
of the tested samples were much lower than their bag label values are debatable, as crude fiber promotes comfortable 
digestion and normal colonocytes health. The lower fiber of these samples may indicate the use of animal protein sources 
over the plant ones. From the economic point of view, many dog food formulators tend to use animal protein wastes in a 
high inclusion rate at the expense of the higher cost plant protein sources such as soybean meal. It is a well recognized that 
the inclusion of animal protein wastes in dog food may predispose to microbial contamination and/or recontamination of 
these diets alternatively.  

In addition, rendered animal protein by-products are mostly overloaded with microorganisms according to the 
National Renderers Association (NRA) report (23). Several types of microorganisms were isolated from rendered poultry 
by-products (24). Rendered animal co-products were proved to be contaminated with a high number of microorganisms (25). 
Aspergillus fumigatus and Penicillium spp were isolated from rendered samples (26). These findings also confirm our 
opinion regarding the intended decrease in moisture content through excess dryness by a number of dog food producing 
companies in an attempt to decrease the water activity or the free water for microbial growth prevention. 

The results indicating the total ash contents of different samples (table 1) showed that the total ash % ranged 
from 3.48 to 12.49. Results revealed that about 20% of the tested samples were higher in the total ash % than that widely 
recommended in the available literatures. The high-quality dry pet foods generally contain between 5-8% ash (15). The 
higher total ash content of the examined food samples may contribute to the dilution of the amounts of nutrients available 
to the animal ‘un published results’. In a more specific view for ash results, we assume that high ash content may be related to 
high inclusion levels of rich ash ingredients such as meat and bone meal, limestone, dicalcium phosphate, monocalcium 
phosphate and salt by a level differ from the written label ingredient formula and/or the high inclusion of yeast as an 
alternative protein source at the expense of other good quality proteins like soya, meat meal and fish meal. 

Results concerning the water activity values (aw) of different samples which illustrated in table (3) showed that 
the water activity values ranged from 0.43 to 0.71. It was noticed that only 5 out of 100 examined food samples were 
higher than the standard acceptable level (0.6) for dry food. 
Concerning the moisture content of different samples (table 1) showed that the moisture % ranged from 4.95 to 11.36. It 
was obvious that 50 samples out of 100 samples tested for moisture content were lower than 6% moisture content, a 
situation that may indicate that there is an intended excessive dryness of most of the tested puppies' dry foods during 
processing in order to reduce their moisture content. 

Furthermore, results indicated that if we compare the values of moisture content to the corresponding values of 
water activity for most of the examined samples, it could be noticed that, samples that had moisture content values of less 
than 6%, their water activity values (aw) ranged from 0.43 to 0.49 and samples that had moisture content values of higher 
than 6%, their water activity values (aw) ranged from 0.48 to 0.71. These values were considered to be normal and 
expected as samples with higher moisture content might have higher water activity values and vice versa. But when we 
look at some samples' results individually, we could find that some samples of moisture contents 7.1, 5.5 and 4.95% had 
almost the same water activity value of 0.49. When the sample number 10 had 11.36% moisture and an aw value of 0.71; 
this may be explained on the basis of one or more of the following possibilities, firstly it might be due to insufficient 
dryness during manufacture, secondly, it might be due to insufficient amount or low quality of emulsifiers or not using 
emulsifiers at all, lastly might be occurred as a result of using low quality fat or oil that might result in a higher ratio of 
unbound free water. 

In a more specific view for water activity and moisture results and their relation with fat results, we extrapolated 
that puppies' dry food manufacturing companies used one or more methods in an attempt to lower microbial growth 
chance by lowering water activity; either by excessive dryness or emulsifiers use. For example; sample number 1 and 19 
analytical results are 15.85 % and 11.39% for fat content, 0.49 and 0.51 for water activity and 4.95% and 7.5% for 
moisture content respectively, from the logic point of view when sample number 1 had higher fat percent than sample 
number 19, it would have higher water activity consequently, but we found the reverse results which indicated the 
excessive dryness of sample number 1 as a trial to keep the safety margin by decrease the water activity. Sample number 
13 and 5 are another example for water activity control,  but by another method; their analytical results revealed that fat 
contents are 10.54% and 5.35%, moisture contents are 7.23% and 5.53% and water activity values are 0.48 and 0.49 
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respectively, however the water activity value of sample number 13 was lower than sample number 5, but its moisture 
content was higher than sample number 5, so we assumed emulsifiers use in sample number 13 as an attempt to control 
water activity value without affecting protein quality, digestibility and vitamins stability via excessive dryness which is not 
a small issue regarding international dog food manufacturing companies. 

It is a well-established fact that product quality couldn't be determined through its moisture content, because it 
includes bound and free water, and pet food microbial contamination is related to free water (water activity) only. So, 
measuring the free water (water activity) is considered as a more accurate indicator for the food safety. More or less 
similar explanations were reported (27, 1). It could be concluded that the excessive dryness of puppies' dry foods during 
manufacture might be the main factor responsible for the lowered water activity values. However, further research 
activities are required to visualize the effect of the excess heat dryness on the protein quality and digestibility, vitamins 
stability and other nutrients availability. Pet food producing companies shouldn't depend only on excess heat dryness to 
reduce water activity values, but also a great concern should be given to tools such as using a good emulsifier and a 
suitable level of good quality fat in pet foods. 

Results illustrating both Aflatoxins and Ochratoxins levels detected in different collected puppies' dry food 
samples (table 2) showed that all samples (100%) proved to be positive for the presence of both Aflatoxins and 
Ochratoxins but with varied concentrations. For Aflatoxins, their levels ranged from 1.2 to 17.6 ppb. A total of 30 out of 
100 examined puppies' dry food samples contain higher Aflatoxins levels than the permissible limits (10 ppb) for animal 
feeds in Egypt. These findings come in accordance with some literatures reported that the dry dog food should not have 
any fungi contamination and the maximum allowable Aflatoxin B1 limit in mixed feeds for dogs and horses were set at10 
μg/kg (4). 

Concerning the Ochratoxins, their levels ranged from 3.9 to 42.3 ppb. There are no specific legal permissible limits 
for Ochratoxins according to the Egyptian standard regulation. However, these levels may indicate a health hazard threat 
in the dog real-life, especially under unfavorable environmental, nutritional, physiological and disease conditions (8). 
Kidneys are the primary Ochratoxin accumulation organ and the daily dose of 0.2 mg Ochratoxin/kg BW for 2 weeks as a 
daily dosage or a single dose of 7.8 mg Ochratoxins/kg BW was lethal to young beagle dogs (6). Ochratoxins levels were 
measured in some commercial dog and cat food, 19 samples were contaminated with Ochratoxins with the highest level of 
13.1 μg/kg food, the main sources of Ochratoxins contamination can be either related to incorporation of cereals or 
slaughtered animal viscera which are widely used in canned food production (8).  

The results of this survey highlight the importance of not only the inspection of the nutritional quality, but also the 
safety of the puppies' dry foods. It is worth to say that much research activities are required to ameliorate the effect of the 
excess heat dryness on the protein quality and nutrients availability, nonetheless, the hazard threat of undefined limits of 
mycotoxins in dog foods. 
 
4. Results 
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 Mean SE Label Mean SE Label Mean SE Label Mean SE Label Mean SE Label 

1 4.95 0.4 10 28.65 0.6 30 15.85 0.66 21 1.38 0.21 2 7.99 0.8 6.5 
2 5.1 0.5 -----* 24.22 0.7 26 10.25 0.8 14 1.66 0.2 2.5 10.03 0.65 7 
3 5.21 0.4 10 24.93 0.5 26 19.21 1 16 2.45 0.3 3.5 8.05 0.66 ---* 
4 5.88 0.51 -----* 27.68 0.6 29 11.35 0.77 16 1.45 0.32 2 6.07 0.74 6.5 
5 5.53 0.52 12 26.03 0.5 26 5.35 0.85 10 2.53 0.23 5 9.9 1.1 ---* 
6 6.2 0.3 12 27.6 0.7 27 10.29 0.97 10 1.67 0.35 3.5 6.01 0.96 8 
7 5.49 0.33 9 27.43 1 29 9.93 0.63 17.5 2.77 0.25 2.7 3.48 0.85 7 
8 7.1 0.4 ----* 30.26 1.1 30 9.06 0.75 16 2.43 0.3 2.5 8.47 0.5 8.2 
9 5.45 0.42 ----* 25.72 1.2 27 8.78 1.1 14 1.47 0.4 2 6.62 0.4 6.3 

10 11.36 0.5 9 26.87 0.8 28 8.04 0.34 16 2.36 0.3 3.5 3.76 0.7 7.5 
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11 7.69 0.45 10 23.37 0.7 26 13.48 1.2 9 3.27 0.22 3 4.43 0.6 6 
12 6.44 0.35 10 33.86 1.3 29 13.37 0.9 18 1.41 0.3 3.5 8.63 0.56 ----* 
13 7.23 0.5 12 26.27 1 26 10.54 0.82 12 1.3 0.23 5 5.98 0.7 ----* 
14 4.99 0.3 12 25.6 0.5 26 12.03 0.5 15 2.4 0.31 4 7.48 0.5 8 
15 5.72 0.2 10 27.64 0.66 29 12.64 0.54 18 1.59 0.23 4 7.76 0.66 6.67 
16 5.38 0.34 10 40.96 0.75 38 17.63 0.66 20 1.81 0.32 2.5 10.21 0.45 12 
17 6.31 0.3 10 25.5 1.4 28 9.27 0.58 12 1.5 0.4 3 12.49 0.8 7 
18 6.98 0.4 10 29.44 0.68 28 13.07 0.44 20 4.19 0.31 4 5.29 0.84 ---* 
19 7.5 0.4 10 29.2 0.8 27 11.39 1.2 11 2.04 0.2 2.8 6.73 0.88 8 
20 6.28 0.5 ----* 28.4 0.68 29 18.18 0.79 16 1.54 0.24 2 5.42 0.78 6.5 

Table 1: Proximate Chemical Composition of Different Collected Samples 
(5 Samples/Company) (Mean Values with Their Standard of Error) 

*These Values Are Not Illustrated on the Bag Label 
 

Company Number Mycotoxins Levels 
(µg/kg) 

Aflatoxins Ochratoxins 
 Mean SE Mean SE 
1 2 0.2 9.2 0.7 
2 13.9 0.21 41.5 1.5 
3 17.6 0.3 19.1 1.8 
4 16.5 0.22 42.3 1.9 
5 11.8 0.34 8.5 0.6 
6 2.9 0.25 3.9 0.26 
7 7.1 0.5 17.4 0.7 
8 4.3 0.4 26.7 1.2 
9 7.9 0.43 24.2 1.3 

10 1.2 0.18 4.5 0.3 
11 3.9 0.3 9.9 0.5 
12 4.2 0.26 3.9 0.2 
13 11.4 0.45 11.3 0.2 
14 10.4 0.6 20.8 0.7 
15 1.7 0.1 6.3 0.5 
16 4.7 0.2 16 0.7 
17 3.3 0.1 12.3 0.77 
18 1.3 0.1 4.3 0.34 
19 8.5 0.4 6.5 0.45 
20 9.8 0.6 19.4 0.8 

Table 2: Mycotoxins Levels of Different Collected Samples (5 Samples/Company) 
(Mean Values with Their Standard of Error) 
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Company Number Water Activity 
  (Value) 

  Mean SE 
1 0.49 0.01 
2 0.47 0.02 
3 0.48 0.01 
4 0.43 0.03 
5 0.49 0.02 
6 0.5 0.01 
7 0.48 0.01 
8 0.49 0.02 
9 0.47 0.02 

10 0.71 0.03 
11 0.52 0.01 
12 0.48 0.01 
13 0.48 0.03 
14 0.48 0.02 
15 0.47 0.02 
16 0.44 0.01 
17 0.49 0.01 
18 0.5 0.02 
19 0.51 0.01 
20 0.5 0.02 

Table 3: Water Activity Values of Different Collected Samples (5 Samples/ Company) 
(Mean Values with Their Standard of Error) 
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