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Abstract

The nitrite concentrations in different commercial dog foods were measured. Differences in the nitrite
concentrations were observed, and were mainly attributed by the type of meat used as the main ingredient and
its proportion in the final product. Standard doses for nitrite of 2.5 and 4.6 mg/kg were calculated using different
methods, and these values are both much lower than the standard dose for human food. The nitrite concentrations
in some of the samples in this study exceeded the 2.5 mg/kg value.
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Introduction

In recent years, it has become common for dogs and cats in Japan
to be considered more as companion animals than pets, and these
animals are often treated as family members. There are many dedicated
products that owners can choose to purchase for their pets, including
foods, medications, toys, clothing, and cleaning products [1]. Because
many of these products are similar to those used by humans, they are
often erroneously assumed to meet similar quality and safety standards.
Unfortunately, these products are not always safe [2-4]. There are few
legal regulations for food produced for animals, and inexpensive raw
materials are often used and the protocols for preservation are not
stringent [5,6].

Foods prepared for humans are not necessarily nutritious for other
animals. Ingredients that may be harmless to humans can be toxic to
animals, and ingredients that are not required for humans may be an
indispensable for animals. Therefore, human food cannot be used for
animals. Pet owners can obtain information from veterinarians and
veterinary technicians on how to prepare fresh food for their pets.
However, pet food preparation is time consuming, and many pet
owners choose to simply purchase over-the-counter pet food. With
over-the-counter pet food, consumers do not usually have information
on the manufacturing process, exact contents, transportation method,
and storage [3,5,7]. For human food, Japanese law requires that food
packaging identifies the main ingredient and food additives used in
the product. The additives used in human food products have been
investigated in toxicity studies, and the amounts added to food are
regulated so that they are not harmful even with regular consumption
over a lifetime. By contrast, manufacturers of pet food are not required
to identify food additives or the main ingredients on products sold in
Japan [7]. Moreover, on small packages of pet food, the contents are
often written in an abbreviated form, which means they are not readily
identifiable by the purchaser [7].

Sodium nitrite is often included in meat products for human
consumption to produce a red color, and is typically used at a dose
of less than 70 mg of nitrite (from nitrous acid) per kilogram of meat
[8]. This compound combines with hemoglobin and myoglobin in the
meat to produce a color similar to fresh blood, which gives the product
an appearance of freshness. Sodium nitrite also acts as a preservative
[2], and suppresses propagation of pathogenic Escherichia coli 0157
and Clostridium botulinum [9,10]. However, nitrite can combine
with amines in food and form carcinogenic nitrosamines and cause

methemoglobinemia [11-13]. Whereas humans may select food based
on its color, this is likely not important for dogs because they have
limited color perception [14]. The European Union has set a maximum
level for nitrite in pet food of 100 mg/kg for food with a water content
of >20% [15], but there are no similar standards in the United States or
Japan [15-17].

The aim of the present study was to measure the nitrite
concentrations in several different dog foods to correlate changes in
the concentrations with differences in the products (e.g., type of meat,
packaging, manufacturer) [18], and to establish a standard dose for
future safe use of additives in dog food.

Materials and Methods
Dog food samples

Seventeen commercially available dog foods from different
manufacturers were purchased from local stores between December
2013 and December 2014 (Table 1). The products were classified based
on their water content as semi-dry (10-30% water), semi-moist (25-35%
water), or wet (about 75% water) [19]. The products were packaged in
bags, pouches, and cans [2].

Reagents

The nitrite concentration was measured using an established
method [19]. First the product was pretreated using zinc hydroxide
under alkaline conditions in an 80°C water bath to remove fat and
protein and extract the nitrite ion. Then, the nitrite was calorimetrically
quantified using a diazo-coupling reaction [20,21]. For these reactions,
the following solutions were prepared: ammonium acetate (10%)
in water, sulfanilamide (0.5%) in 6 mol/L hydrochloric acid, and a
naphthylethylenediamine solution of N-(1-naphtyl) ethylenediamine
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Sample

No. Manufacturer Included meat and its product Water Package
1 Y chicken semi-dry bag
2 Y chicken semi-dry bag
3 | chicken wet pauch
4 | chicken wet pauch
5 D chicken wet can
6 D beef, chicken wet can
7 M beef wet can
8 M beef, chicken wet can
9 M beef, chicken wet pauch
10 M beef, chicken wet pauch
11 M beef, chicken wet pauch
12 M beef wet can
13 H chicken, pork, chicken extract wet can
14 H beef, pork, chicken extract wet can
15 H turkey, pork, chicken extract wet can
16 N chicken, beef, fish extract ~ semi-moist bag
17 K chicken, fish semi-moist bag

Table 1: Dog food samples used in this study.

hydrochloride (0.12%) in water. A nitrite stock solution was prepared
by dissolving sodium nitrite (30 pug/mL for nitrite) in water. After
dividing into 1 mL aliquots, this solution was frozen at -20°C until
required for use. This solution was used to prepare the calibration
curve and controls (0.6 pg/mL) and was diluted with water (dilution
faction=1/500) just before use. All reagents used were special grade
and purchased from Wako Pure Chemical Industries (Osaka, Japan).
Ultrapure water (18 MQ-cm, Merck Millipore, Billerica, MA) was used
in all experiments.

Pretreatment of dog food samples

An established method was used to extract nitrite ion from the dog
food samples using a quarter of the sample mass and reagent volumes
compared with the original method [22]. A 2.5 g sample of each dog
food was added to a small volume of hot water in a mortar and pestle
and crushed to a smooth paste. The sample was then transferred to a
50 mL centrifuge tube and 2.5 mL of 0.5 mol/L sodium hydroxide, 2.5
mL of 12% zinc sulfate, and hot water (80°C) were added to reach a
total volume of approximately 40 mL. Then, the mixture was heated
in an 80°C water bath for 20 min [2,18]. After heating, the tube was
cooled to room temperature, and 5 mL of ammonium acetate solution
was added. Then water was added to make up the volume to 50 mL.
After centrifugation at 3000 rpm for 5 min at 4°C, the supernatant was
filtered through filter paper (Advantec Toyo; Tokyo, Japan) to obtain a
transparent test solution.

Measurement of nitrite concentration

Measurements were conducted with samples 1/10% of the
volume compared with the original method [19]. To a 2 mL aliquot
of each test solution, 0.1 mL of sulfanilamide solution and 0.1 mL of
naphthylethylenediamine solution were added. After standing at room
temperature for 20 min, the absorbance at 540 nm was measured
against water as the reference [21]. A calibration curve prepared from
standard solutions of nitrite (0-0.6 ug/mL) was used to estimate the
nitrite concentration in the test solution. If the test solution was colored
or turbid, 0.2 mL of water was added instead of the sulfanilamide and
naphthylethylenediamine solutions. The solution was used for a blank.
The nitrite concentrations in the samples were estimated from the
calibration curve using their absorbance values.

Statistical analysis

Results are presented as mean + standard deviation. Data were
statistically analyzed using Student’s ¢-test. A p value less than 0.05 was
considered to represent a statistically significant difference.

Results and Discussion
Calibration curve

The calibration curve is shown in Figure 1. Among the reagents
used, the naphthylethylenediamine solution was susceptible to
oxidation in air, and this solution gradually became brown with
long-term storage. As this reagent deteriorated, the background
signal increased. In addition, nitrite is very unstable. Both reduction
to ammonium ions by coexisting substances such as proteins, and
oxidation to nitrate ions by metal or air can occur. Therefore, to obtain
accurate data, samples should be analyzed as soon as possible after
extraction of nitrite. In this study, samples were analyzed on the day
of extraction and were compared with a freshly prepared calibration
curve. If it was not possible to analyze the sample on the day of
extraction, a nitrite standard solution (0.6 ug/mL) was prepared and
stored at the same time as the filtrate from the dog food sample. The
results from the stored standard solution were used for correction of
the results from the dog food sample after analysis. Each sample was
analyzed in triplicate or quadruplicate [23,24].

Methods

The samples used in this study had different water contents,
hardness, and diversity. The semi-dry food had to be ground before
analysis, whereas the wet food did not. Therefore, the pretreatment was
very different among the samples.

When heated for extraction, some extracts were white and turbid.
This probably arose from fats and proteins in the dog food samples.
Any white precipitates were removed by filtration to obtain a clear and
colorless filtrate. The absorbance of the blank, which did not produce a
color, was almost zero.

Crystals of sodium nitrite are affected by water and oxidation in
air [13,25]. However, one study found that solutions of nitrite were
stable and concentration changes did not occur with exposure to light
or heating (60°C) for 60 days [26]. Nitrite is also reportedly stable in
alkaline solutions [24]. In this study, to ensure that the reagents were
at the required concentrations they were freshly prepared every other
month. Before use, the nitrite stock solution was frozen at -20°C, and
all other reagents were refrigerated. This meant that degradation of the
reagents should not affect the results.
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Figure 1: Calibration curve for nitrite.
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Nitrite concentrations

The nitrite concentrations (Table 2) for the samples showed that
imported dog food and wet dog food had higher nitrite concentrations
than the other dog food samples. Sample 7 showed a particularly
high nitrite concentration (4.4 mg/kg). This sample was reddish
in appearance, and had a color similar to fresh meat [10]. Dog food
products made from different meats and with different packaging,
water contents, and manufacturers could have different nitrite
concentrations. Nitrite has been detected at low concentrations even
in vegetable products that do not identify it on the product label, but
it is not known whether this arises from nitrite already present in the
vegetables or that has been added [10,13]. When sodium nitrite is added
during food production, only 1/6'" to 1/8" of the original concentration
remains in the food product after processing [10]. The concentration
remaining in the food product appears to vary depending on the storage
period and temperature. Bacteria in the mouth and intestines can also form
nitrite [27]. One study found that nitrite, nitrothiol, and nitrosomyoglobin
formed in salted processed meat on storage for 7 days [28].

Causes of changes in the nitrite concentrations

The results were classified according to the type of meat, packaging,
and water content, and plotted (Figures 2-4). Most of the dog food
samples contained either chicken, beef, or chicken and beef. This result
is consistent with the sample 7 is high. The nitrite concentration in the
beef group was significantly higher (P<0.05) than the concentrations in
the other two groups. There was no significant difference between the
other two groups. The high concentration in the beef products could be
attributed to the higher levels of myoglobin in the beef compared with
chicken and pork [29]. Meats with higher levels of myoglobin require
more sodium nitrite for sufficient color development. When beef is
mixed with other meats such as chicken, the level of myoglobin is lower
and less nitrite needs to be added.

We also compared the nitrite concentrations for products
packaged in plastic bags, pouches, and cans (Figure 3). The products
in cans had the highest nitrite concentrations among these three types
of packaging. There was not a significant difference between the nitrite
concentrations for the products packaged in plastic bags and pouches.
The significant difference between pouches and cans cannot be caused

Sample No. Nitrite (mg/kg) Display of nitrite addition
1 0.452+0.130
2 0.459+0.080
3 0.579+0.106
4 0.651+0.295
5 0.431+0.156
6 3.992+0.510 o
7 4.397+1.273 o
8 0.213+0.049
9 0.520+0.111 o
10 0.320+0.131
11 0.371+0.091
12 3.82411.142 o
13 0.138+0.168
14 0.160+0.110
15 0.394+0.097
16 0.235+0.078
17 1.018+0.703

Nitrite concentrations are the average + standard deviation (n=4)
Table 2: Nitrite concentrations in the pet food samples.
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Figure 2: The nitrite concentrations for dog foods prepared from chicken (n=5),
beef (n=2), and a mix of chicken and beef (n=5). Results are the average *
standard error, and " indicates a significant different (P<0.05).
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Figure 3: The nitrite concentrations for dog foods packaged in plastic bags
(n=4), pouches (n=5), and cans (n=8). Results are the average + standard
error, and " indicates a significant different (P<0.05).

by differences in the product storage life because pouches and cans can
usually be stored for a similar period. These results suggest that changes
in the nitrite concentration are not related to the type of packaging.

Finally, the nitrite concentrations were compared based on the
water content of each dog food (Figure 4). Among the groups (semi-
moist, semi-dry, and wet), the wet food had the highest concentration
of nitrite. This suggests that bacterial propagation occurred, and the
nitrite concentration decreased. When sodium nitrite is used as an
additive, it affects the exterior color of the food. It has been reported
that a sodium nitrite concentration higher than any detected in this
study is required to suppress growth of Clostridium botulinum.
Therefore, at the concentrations detected in this study, it is unlikely
that sodium nitrite has been added for bacterial growth suppression.
The nitrite concentration in the products is probably not related to the
water content.

Among the wet foods that we tested (Table 1), we compared the
nitrite concentrations for products from different manufacturers (data
not shown). The packaging of some of these products claimed that they
were preservative- and additive-free, and our results did show some
differences between products from these manufacturers and other
manufacturers. Dog foods made by companies D and M contained
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0.6
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Nitrite (mg/kg)

semi-dry + semi-moist wet

Figure 4: The nitrite concentrations for semi-dry (n=4), semi-moist (n=4), and
wet (n=13) dog foods. Results are the average * standard error, and " indicates
a significant different (P<0.05).

higher concentrations of nitrite than the average, which was consistent
with these products containing a high proportion of beef. Overall,
these results show that the type of meat is important in determining
the concentration of sodium nitrite added to a product and the residual
concentration remaining after processing.

Standard dose

Research conducted on salted sausages for human consumption
has shown that the redness increases as the amount of nitrite added to
the product increases, and that nitrite also improves the taste and smell
[30]. If only the color is affected by the addition of sodium nitrite to
dog food products, then its main function is to appeal to owners when
making purchasing decisions, and it is not needed to maintain the
quality of the food. However, if nitrite also affects the taste and smell
of the product for dogs, then it is also associated with palatability and
could ensure continuous consumption of a particular product. In the
present study, a standard dose of nitrite in dog food was estimated from
that specified for human food.

First, a standard dose was calculated from the daily intake. Among
the meat products available for human consumption, processed meats
are the most similar to dog food. Therefore, the standard dose for nitrite
(< 70 mg/kg) in processed meats was used in this study. The average
intake of ham and sausages in Japan is 13.25 g/day [31]. Assuming a
daily intake of wet dog food of 200 g per kilogram of body weight, a
standard dose for nitrite in dog food was calculated at 4.6 mg/kg. Pet
Food Safety laws are based on a water content of 10%, and this was used
to adjust the nitrite content to 27.6 mg/kg.

Next, a standard dose was calculated from the acceptable daily
intake of nitrite for humans (0.07 mg per kilogram of body weight
per day) [32]. Using the same daily intake of wet dog food (200 g per
kilogram of body weight) as in the first calculation. A value of 0.4 mg/
kg was calculated, and then adjusted to 2.5 mg/kg for the water content.

In this study, none of the dog food samples exceeded the standard
dose determined from the daily intake. However, some samples did
exceed the standard dose obtained from the acceptable daily intake.
These calculations included many assumptions, and the results are only
approximate. Future calculations should take into account metabolic
differences between dogs and humans, dog breeds, and dogs of
different ages. Because dogs often eat the same diet over their lifetime,
and have less variety in their diets than humans, it is more important
to set strict standard doses than it is for foods for human consumption.

The Ministry of Agriculture, Forestry and Fisheries and Ministry of the
Environment in Japan have suggested a nitrite standard dose for pet
food of < 100 ppm [33]. However, this value was derived from that for
human food products, and our results suggest that it is too high.

Conclusions

Currently, the use of sodium nitrite in dog food is not regulated
in Japan. However, many voluntary regulation steps have been taken
[15,34], and in future it is expected that its use will be restricted by
law in Japan [17,33]. In future research we will analyze more dog food
samples and other types of pet food for nitrite. We have previously
analyzed pet food for heavy metals [1,4,17,35], and we believe that want
to do the verification of the hazard.
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