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1. fejezet - Introduction 

The pet food and feed sub-sector of the animal feed industry targeted specifically at the feeding and nutrition of 

companion and hobby animals emerged simultaneously with the increasing demand for professional and safe 

nutrient supply of these animal species. Involving cereal production, meat and poultry industries, machinery 

industry, extension services and marketing, the pet food and feed business has evolved into a major employer 

with an annual turnover of close to 40 billion HUF. The significance of the industry is further boosted by the 

fact that it uses a high number of agricultural and food industry by-products that would otherwise incur 

considerable costs if destroyed or treated as waste (Popp, 2009). This has become particularly important with 

the restrictions on using animal feed ingredients in the feeding of farm animals. Besides satisfying consumer 

demand the pet food industry has a role in recycling as well, resulting in lower production costs of human food 

products. The demand for pet food products has shown an increasing trend also in Hungary. The annual 

consumption is estimated at about 160 – 180 thousand tons for Hungary, which corresponds to approximately 

20 % of the feed requirement of the local pig industry. 

According to market data and professional estimates industrial pet food is used to meet more than twenty per 

cent of the nutrient requirements of dogs and close to thirty per cent of cats, which is hardly one quarter of the 

typical levels in Western European countries. This also means a considerable potential for expansion on the 

consumer side, parallel to the increase of purchasing power. 

The manufacturing of pet food products has a history of almost two decades in Hungary. In addition to local 

producers the first foreign concerns appeared during the early nineties. These companies primarily relied on 

locally available raw materials, although they also used considerable quantities of foreign ingredients (meat 

meal). At present the ratio of domestic to foreign ingredients used by the industry is roughly 50 – 50 per cent. It 

should be noted, that within a short period of time, Hungary has become a dominant player in the pet food 

industry of the Central East European region with its production capacity several times surpassing the domestic 

demand. 

The foregoing changes justify the systematic transfer of knowledge in the fields of digestive physiology, eating 

habits, nutrient requirements and all other information contributing to the proper nutrition and longevity of 

principal companion and hobby animal species. This textbook is focused mainly on the nutrition of the dog, as 

the most prevalent companion animal. 
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2. fejezet - Characteristics of the 
canine digestive system 

1. Eating habits 

According to taxonomy the dog belongs to the order Carnivora, the suborder caniformia and the family canidae. 

Although a carnivore, its ancestors used to feed on fish, various worms, insects and the metabolic products of 

other animal species as well. This explains why certain dogs and puppies like to eat e.g. cat faeces (although 

juvenile dogs can be trained to stop this habit). Dogs are characteristically capable of consuming large quantities 

of food within a short period of time. This is probably attributable to the irregular eating patterns of its ancestors 

(the uncertainty in capturing their prey), but another cause of it might have been the competition for food with 

other predators. Similarly to its ancestors, the stomach of the domestic dog is large and distensible. Because its 

intestinal tract is relatively short compared to its body weight, it requires concentrated food. 

The eating habits of the dog are essentially same as those of the wolf. Both species usually eat standing up with 

their tail hanging, lapping up liquid food or water by curling their tongue into a spoon shape. When eating solid 

food they pick up the smaller bites with their incisors and swallow them after very little chewing. They use their 

front legs to hold bigger chunks in place and tear them up with their fangs, turning their head sideways. 

The classification of the domestic dog as a “carnivore” is not entirely true, as its ancestor consumed not only the 

meat of the prey, it ate the entire animal together with its internal organs, including the contents of stomach and 

intestines which were of plant origin, rich in fibre and usually indigestible. It should be noted, that high fibre 

ingredients are extremely important for the functioning of the canine digestive system. However, the feeding of 

too high levels of fibre (essentially indigestible vegetable fibre) is unsafe as it may lead to digestion problems. 

The ancestor of the domesticated dog did not consume such “ingredients” of the prey that were hard to digest, 

such as skin, hair, tendons and stronger bones. This means, that dogs do not like to eat such parts and in 

consequence high quality (premium) dog foods should not contain such ingredients. Wild dogs, and also other 

wild carnivores characteristically start by eating the intestines (together with the digesta) and internal organs of 

their prey, through which they take up substantial amounts of carbohydrates, minerals and vitamins. They then 

bury their quarry. Later, when they are hungry again, they return for their buried prey and eat it in that 

condition. It is usually the sinews, skin, strong bones and hair only that are left. Based on these eating habits, 

dog food manufacturers create artificial flavours for the formulation of their products to imitate the aroma and 

flavour of intestines and internal organs so that dogs can find their products more palatable. This is an indication 

that this sub-sector of the feed industry is expressly based on the knowledge of the specific eating characteristics 

and habits of the dog and takes into account its digestive physiological characteristics as well. It is also a vital 

business interest to consider these essential digestive physiological characteristics, as in case the dog owner 

experiences the slightest problem when feeding a certain dog food they will choose another product the next 

time. 

2. Unique characteristics of the canine digestion 

The digestive system and nutrient utilization of the dog differ in several ways from what we know of farm 

animals. This chapter essentially provides a brief discussion of the differences. 

One important feature of canine digestion is the relatively fast passage of food through the gastro-intestinal 

system. Subject to the quality of food and also to the individual traits of the animal the transit time can be 

anything between 20 to 36 hours. This means that in case of digestion problems the absorption of nutrients 

deteriorates rapidly, affecting their utilization and the nutrient supply of the animals. Dogs vomit easily and 

often. The causes of vomiting can be toxins irritating the stomach wall or other toxic substances, delayed gastric 

emptying, presence of difficult to digest materials (bone, grass) in the stomach or small intestine. 

Besides the gross nutrient content (chemical composition) of feed ingredients also their digestibility should be 

taken into account in the rational formulation of dog foods. This technical requirement well corresponds to the 

practice of livestock feeding where feed formulas are based on the digestible / available nutrient level (energy, 

amino acid, phosphorus, etc.) of the feed ingredients. It should be noted, however, that there is a significantly 
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higher volume of scientific trial data for livestock, and also the highly accurate recommended values have been 

declared on the basis of the digestible / available nutrient contents. 

It is the dog’s saliva that essentially makes the food slippery, and its composition is subject to the quality of 

food. For instance, the saliva is mucous when raw meat is feed, while the feeding of meat meal leads to the 

production of thin saliva. There are no digestive enzymes in the canine saliva. The gastric juices are produced 

by the fundic and pyloric glands. The principal enzyme in the stomach is pepsin, which has an important role in 

the digestion of proteins. Similarly to what we know of other animal species, pepsin is secreted in the form of 

the inactive pepsinogen. The pH value of gastric contents is determined by the gastric hydrochloric acid, which 

represents about half per-cent of the dry matter content of gastric juices. Pepsinogen is converted into pepsin in 

the presence of hydrochloric acid, which also provides an optimal environment (pH) for enzyme functioning. 

Subject to breed and the quality of food dogs produce about 20 – 50 ml of gastric juices per kg of bodyweight 

every day (Bokori, 1993). With its high levels of sodium hydrogen carbonate content the almost water-clear 

pancreatic fluid contributes to neutralizing the acidic gastric contents. The protein digesting enzymes of the 

pancreatic fluid are trypsin, chymotrypsin, elastase and carboxypeptidase, which break down the protein content 

of the ingested food. 

The fat digesting lipase is highly active in dogs. When feeding excessive levels of fat, however, a part of fatty 

acids released during digestion may form soaps with the high sodium hydrogen carbonate of the pancreatic 

fluid. Alfa-amylase is the most important carbohydrate-digesting enzyme in dogs. Enzymes produced by the 

intestinal mucosa are aminopeptidase, disaccharidase, maltase and lactase, and all have an important role to 

play. In new-born carnivores – and thus also in dogs – lactase is produced for about 3 – 4 weeks, while in the 

adult animal it is found in very small quantities only. Maltase and disaccharidase are not synthesized in young 

puppies. In comparison to other species disaccharidase activity is negligible in the senior dogs. The bacteria 

living in the large intestine are capable to a certain extent to digest a part of residual protein and fibre. Cellulase 

and pectinase are the most important enzymes they produce. Dogs are unable to synthesize these enzymes. 

Carbohydrates left undigested in the small intestine are digested further by these enzymes also in carnivores. At 

the first section of the small intestine (duodenum) bile is mixed in with the chyme. It should be noted, that in 

addition to bile acids the canine gall bladder also contains taurocholic acid, which is a compound of taurine with 

cholic acid. Bile is important in the emulsifying of fats. The production of bile acids is stimulated by the diet 

(primarily by the intake of fat and protein) and by hormonal effects (Bokori, 1993). 

The composition and colour of dog faeces varies and is essentially subject to the composition of the ingested 

food. Its moisture content changes between 50 and 75 %. Frequency of defecation has been observed to be 1.5 

times per day on average when easily digestible diets are fed, and up to 4 times per day when dogs ingest 

difficult to digest food. This characteristic may be crucial in the case of dogs kept in apartments. When meat is 

the only food given, the animals defecate every 2-4 day only. 

3. The nutrient requirements of the dog 

The nutrient requirements of the dog is determined by its age, breed and physical activity. While accurate 

nutrient recommendations for livestock species are available, there is only a limited volume of data on the 

nutrient requirements of dogs. 

Different methods exist for expressing the nutrient requirement of the dog. The most accurate procedure uses the 

metabolic body weight (W0.75) as a basis for the daily nutrient requirement of the animal. The daily nutrient 

requirement of the animal can be determined knowing the body weight of the dog and calculating the metabolic 

body weight from the body weight. The nutrient requirement can also be defined relative to 1 kg body weight 

(W). Bearing in mind that most dog owners essentially have practical knowledge only it seems more reasonable 

to declare the nutrient requirements relative to the live weight (W). 

In order to meet the nutrient requirements of the dog more accurately we also need to know the nutrient contents 

of the dog food product (or other diet) being fed. The nutrient concentration of dog foods are best given relative 

to their dry matter content. The reason for this is that the dry matter of content of various foods / diets can differ 

significantly (canned vs dry dog food). In case the nutrient levels are expressed on a dry matter basis, the diets 

with different dry matter contents can be compared easily. Most data pertaining to the nutrient requirements of 

dogs come from the United States of America (NRC, 1985; NRC, 2006), but European and Hungarian 

recommendations are also available. It should be noted, that the NRC requirements usually reflect the daily 

minimum quantity of nutrients or active ingredients that is necessary for the animal to maintain its physiological 

metabolism. The latest publication (NRC, 2006) however, also includes recommendations that suit practical 
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purposes as well. The dietary nutrient levels are influenced by the breed, body weight, physical activity and 

other individual traits. Other recommendations usually include nutrient levels with higher margins for safety that 

are useful in practical circumstances. 

Most recommendations cover the energy, protein, fat, mineral and vitamin requirements of the animals. Below 

we discuss the main features of the nutrient requirements / supply of the dog. 

4. The energy supply of the dog 

The energy requirement of the dog is usually expressed as digestible (DE) or metabolisable (ME) energy. The 

apparent metabolisable energy is calculated by deducting the amount of energy excreted in the faeces, intestinal 

gas and urine from the gross dietary energy (heat of combustion). According to NRC (2006) the ME content of 

dog foods – in case of easily digestible components – can be calculated with the following formula: ME (kcal) 

= (4 x g crude protein) + (9 x g crude fat) + (4 x g N-free extract). 

In case the metabolisable energy content is to be defined in kJ, in accordance with the European usage, the 

constant values assigned to each nutrient should be multiplied by the conversion rate of kcal to kJ (4.187) as 

follows: ME (kJ) = (4 x 4.187 x g crude protein) + (9 x 4.187 x g crude fat) + (4 x 4.187 x g N-free extract). 

The energy requirement of the dog is affected by the breed, age, sex, housing, physical activity and 

physiological status (growth, gestation, lactation). Consequently, the energy requirement of the dog is a sum of 

energy requirements for maintenance, motion, growth (juvenile dogs), work (working dogs), gestation and 

lactation (pregnant and nursing bitch). The energy requirement for maintenance can be expressed most 

accurately when based on the metabolic body weight. According to Meyer and Zentek (2005) the energy 

requirement of the adult dog can be described as 0.5 MJ ME/kg0.75. 

NRC (2006) provides a “historical” review of the data published on the maintenance requirement of the dog 

(Basal Metabolic Rate = BMR) (Table 1). These data were published between 1924 and 1986, and define the 

maintenance energy requirement of the dog as 311 KJ/kg 0.75 on average. 

 

The latest data (published after 1994) are shown in Table 2. It is apparent from the figures in the table, that these 

value are considerably higher than the earlier ones. Their average is about 80 % higher than the average of 

values published before. One reason can be that the present-day trial methods and techniques are much more 

sophisticated than in the past, but the difference is certainly attributable also to the difference in breeds used for 

the trials. As we can see, Table 2 mainly includes dog breeds that are still popular with owners. Consequently, 

the best course of action is to use these values when calculating the maintenance energy requirement of the 

dogs. The data presented also caution, that – similarly to livestock species – the nutrient requirements of the dog 

should be revised from time to time in the interest of meeting the needs of the animals in an optimal manner. 

This is particularly important in the case of energy, as excess energy can easily cause excess weight, which may 

trigger various metabolic problems. 
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It can be concluded that the maintenance energy requirement of the adult dog can be met by supplying 500-570 

kJ/kg0.75 metabolisable energy per day, assuming limited movement and a thermoneutral environment (18-24 

C°). This level should be multiplied by 2-2.5 times for growing dogs (subject to breed), by 1.5 times for bitches 

in the last semester of the gestation, and by 4 times during lactation. 

Due to the nature of fetal tissue growth, the increased nutrient requirement of the pregnant bitch occurs mainly 

during the last semester of the pregnancy. The energy requirement of the bitch does not grow much during the 

first two thirds of the gestation, and thus special attention should be paid to proper nutrition. Overfeeding in 

early gestation can lead to undesirable obesity, and this in turn can cause complications at whelping. Due to 

these reasons the ration should be first increased in week 5 of gestation (18-20%), and then from week 7 it 

should be increased by a further 20%. According to some authors, pregnant bitches are fed properly when their 

body weight does not grow by more than 40-50 % during gestation (Loveridge, 1986). The energy requirement 

of the dog is also higher in a cold environment, as demonstrated by the data in Table 2. The ME content of most 

commercial dog foods moves between 13.8 and 16.5 MJ/kg (declared values). The live weight of the dog 

(metabolic body weight) can be used to calculate its maintenance energy requirement, and adjusting this by the 

physical activity and physiological status of the animal, also the daily energy requirement can be calculated 

fairly accurately. Based on these data the daily ration of foods with a known energy content can be easily 

calculated. It should also be noted, that the dog also regulates its own energy intake by eating bigger or smaller 

quantities of foods with different energy levels. Since dogs are usually voracious eaters (especially when several 

dogs are kept together), it is useful to measure and serve the daily ration accurately in order to avoid obesity 

problems. 

5. The protein and amino acid supply of the dog 

Besides the energy content of dog food the other nutrient demanding special attention is the protein and amino 

acid content. Protein is an essential nutrient for the dog, as it supplies amino acids that are necessary for the 

formation, maintenance and regeneration of body tissues (muscle, skin, hair, corneous matter, etc.), and other N 

containing compounds out of which the body synthesizes non-essential amino acids as well. It should be noted, 

that the urinary endogenous N excretion of the dog exceeds that of livestock species. This can be important in 

that replacement of the endogenous losses is mainly exogenous, that is it must be made from the dietary nitrogen 

/ amino acid supply. Table 3 shows the rate of typical endogenous urinary N excretion in different breeds. 
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It is clear from the data in the table that the endogenous N excretion in the dog is about 30 % higher than in pigs. 

It should be noted, however, that in addition to diet composition, the rate of endogenous excretion is also 

affected by the age of the animal, which is taken into account in pigs for example by calculating the SID 

(Standardised Ileal Digestible) amino acid content of the diets. No such data are available for dogs that could be 

used routinely. It is certain, however, that the quality of protein is a factor to consider in protein supply, and it is 

essentially determined by its amino acid profile and digestibility. Essential amino acids for the dog are lysine, 

methionine + cystine, tryptophane, threonine, phenylalanine + tyrosine, leucine, isoleucine and valine, but in 

puppies histidine and arginine are also essential amino acids. In the amino acid supply it is an important 

consideration, that – similarly to other animal species – cystine can replace about 50 % of the methionine 

requirement. Also tyrosine can replace about 50 % of the phenylalanine requirement. The reason for this is that 

cystine is synthesized from methionine, and tyrosine from phenylalanine. 

The symptoms of protein deficiency are non-specific: reduced appetite, stunted growth, rough, matted hair and 

the possible onset of edemas. Adequate protein supply is particularly important in growing dogs, as the growth 

of newly developing tissues, and especially of muscle demands a relatively high level of protein / amino acids. 

The lysine requirement of growth / protein accretion is high, and it can be considered the first limiting amino 

acid in general. The maintenance amino acid requirement of the adult dog is shown in Table 4. It is remarkable 

that the proportions of principal amino acids for maintenance differ considerably from the values recommended 

for growing dogs (Table 5) and also from the amino acid profile recommended for pregnant and lactating dogs 

(Table 6). 



 Characteristics of the canine 

digestive system 
 

 7  
Created by XMLmind XSL-FO Converter. 

 

Thus for instance the percentage of methionine + cystine to lysine is 186% in maintenance, while in weaned 

puppies it hardly reaches 80%, and in gestating and lactating bitches it is 69%. Similar differences can be 

observed in threonine and in most other amino acids as well. As the requirement of adult (but not pregnant, not 

lactating and not working) dogs is only slightly higher than the maintenance requirement, also the optimal 

amino acid profile of the diet of these animals should be similar. 

The remarkable differences discussed above indeed stress that more attention should be paid to the differences 

in requirements when formulating the amino acid content of dry dog foods. 

Several researchers have estimated the protein requirement of juvenile dogs for growth. It was found, that the 

protein requirement – similarly to other species – is the highest at weaning, and continues to decline thereafter, 

which would justify a more differentiated protein / amino acid supply. 
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The high protein requirement can only be met by feeding high quality protein sources (easily digestible and with 

an optimal amino acid composition). It should be noted, however, that excessively rapid growth is not desirable 

in dogs, as that can have a detrimental impact on the longevity of the animal. In addition, when the mineral 

supply is inadequate, the skeletal system is not able to keep up with the development of muscles which can lead 

to various disorders. 

Similarly to energy supply, the protein supply of gestating bitches should be increased from the second half of 

gestation. The protein requirement is also considerably higher during lactation, and if it is not met, a significant 

loss of body condition can be expected in the bitch. The protein demand in lactation can be further increased by 

a low carbohydrate diet. Under practical circumstances this additional demand can be met by increasing the 

ration, provided the crude protein and amino acid content of the dry dog food was formulated for gestating and 

lactating dogs (Table 6). 
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Numerous studies have demonstrated that the protein requirement of dogs performing extreme physical 

activities is higher, even though there are no data in the literature suggesting that protein rich diets would have a 

particularly positive impact on muscle functioning. 

In the protein supply of senior dogs several, seemingly conflicting aspects need to be considered. On the one 

hand older dogs may have a higher protein requirement than younger ones (due to the poorer digestibility), but 

on the other hand excess quantities of protein digestion end-products in the liver and kidneys should be avoided, 

as the synthesizing and secreting potential of these organs has become limited with age. These objectives can be 

met by providing high quality, easily digestible proteins at a lower supply level, i.e. special attention should be 

given to the protein and amino acid supply of senior dogs. 

6. The role of fats in the nutrition of the dog 

Dietary fat provides the most concentrated energy source of the diet, it facilitates the uptake of fat-soluble 

vitamins and certain minerals, and at the same time ensures the palatability and consistency of dog foods (with 

adequate fat content the dry dog food is not too hard and does not crumble). Recommended dietary fat levels are 

between 5 – 20 % on a dry matter basis, but growing and especially lactating animals will tolerate even higher 

levels. The dog usually eats less from high fat dog foods, as its food intake is regulated by the dietary energy 

(dogs too eat “by energy”). This is particularly easy to observe in growing puppies. In consequence high fat dog 

foods need higher essential amino acid levels in order to supply the daily nutrient requirements. This is common 

practice in livestock species, i.e. in their case the energy / amino acid ratio is also taken into account when diets 

are formulated. 

Dog foods high in fat and energy are more beneficial for the working dog than high carbohydrate foods, because 

the energy necessary for muscle function is supplied by fatty acids in the muscle cells. It has been observed in 

sled dogs that their best energy source is fat. About 80% of the energy requirement of muscle is supplied by fat 

and the balance by carbohydrates. In these canine athletes fat mobilization taking place during extended 

physical activity is proportional to the performance of the animals and the amount of fat ingested during 

exercise. The composition of dietary fat is also important, and especially the percentage of long chain saturated 

fatty acids, medium and short chain fatty acids and essential fatty acids is crucial. When studying the nutrient 

requirement of dogs doing intensive work it was found that at least one quarter of dietary fat should consist of 
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medium and short chain fatty acids, since these fatty acids are absorbed and utilized more easily from the 

gastrointestinal tract and it is also less likely that these fatty acids would form fat depots. 

Fats are also of critical importance in supplying the energy requirement of dogs having diabetes or that went 

through surgery (ill). In diabetic dogs besides the relatively high fibre levels it is also important to provide 

energy mainly in the form of high quality fats (avoid rancid oil). Determining the nutrient requirement of dogs 

with cancer or having undergone surgery is a special task. The findings of the latest research highlight that many 

tumors prefer to utilize carbohydrates as their energy source instead of fats and proteins. Through glycolysis the 

glucose metabolism of tumor cells causes a significant loss of energy for the sick dog and also boosts the level 

of lactate that causes inappetence. This means that in animals with cancer the feeding of fats is more beneficial 

than feeding carbohydrates (glucose). 

Dietary fats are also a source of essential fatty acids, which ensure the permeability of cell membranes. They 

play an important role in producing prostaglandins, and have a crucial role in regulating cell metabolism. 

Special care should be given to provide adequate quantities of essential fatty acids particularly when the dog 

food is the only diet for the dog. Linoleic acid (C 18:2, n6) and arachidonic acid (C 20:4, n6) are essential for 

the dog, but to some extent it can use linoleic acid to produce arachidonic acid. A minimum of 1% linoleic acid 

should be included in dog foods (NRC, 1985). Opinions differ whether linolenic acid (C 18:3, n3) is essential or 

not. According to some nutrient requirements (e.g. NRC, 1985) linolenic acid is not essential for dogs. The 

latest NRC publication, however, specifies accurate values also for the linolenic acid content. 

On the other hand, there are researchers who have found that n3 fatty acids are essential. They are not 

synthesized in the body of mammalian species, while they are certainly required for the metabolic processes. 

Their deficiency leads to the damage of the nervous system even if the manifestation of symptoms can be 

expected after a longer period of time only. No reports have been made so far about the deficiency of n3 fatty 

acids in dogs; and the requirement of these fatty acids is considerably lower than the n6 fatty acid requirement, 

anyway. In contrast to the foregoing, n9 fatty acids are certainly not essential. In practical circumstances the 

deficiency of poly-unsaturated fatty acids can occur mainly when the diet quality is poor, and this low quality 

food is fed to dogs with increased requirements (growth, lactation). Lactating bitches are particularly at risk, 

since their milk has a relatively high linoleic acid content. Apart from certain saturated fatty acids, the dog will 

readily eat most types of fats without detrimental consequences. At the same time adding too much vegetable oil 

to the diet may cause diarrhea. The negative dietary effect of oils can be alleviated by the simultaneous addition 

of emulsifiers. 

The recommended fat and fatty acid levels for dogs of different ages are shown in Table 7. 
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According to the recommendations dog foods should contain 55 – 85 g fat per kg of dry matter. Linoleic acid 

These values (NRC, 2006) are slightly higher than the previously declared values (NRC, 1985). 

7. The role of carbohydrate and crude fiber supply in 
the nutrition of the dog 

Carbohydrates are inexpensive feed components providing energy, assisting protein digestion and the utilization 

of minerals. The minimum carbohydrate requirement of the dog is not known. Various studies suggest that it is 

possible to maintain the dog on a carbohydrate free diet, provided it contains sufficient quantities of glucose 

precursors (amino acids, glycerol) to produce glucose, which is essential for the metabolism. Glucose in the 

blood is an immediately available and metabolisable energy source for every cell of the body and particularly 

for the brain, the red blood cells and the kidneys. Gestating and lactating bitches, however, need carbohydrate 

for whelping and for raising healthy puppies. 

The dog digests different carbohydrates in a different way. Puppies utilize lactose efficiently and cover 8 to 10 

% of their energy requirement from it. Lactose from cow milk may cover up to 20 – 30 % of the energy 

requirement of an adult dog, but as its absorption is slow, these levels may lead to osmotic diarrhea (Bokori, 

1993). While adult dogs readily utilize saccharose, it is not recommended to add it to the milk replacer of young 

puppies, because nursing pups are unable to digest saccharose due to the low saccharose digesting enzyme 

activity in the small intestine. 
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Crude starch is not readily digestible for the dog because of the low alpha-amylase activity of the pancreatic 

fluid. The low amylase activity of the pancreas is characteristic of carnivores, thus it is not recommended to feed 

ingredients high in crude starch, because it may cause fermentative dyspepsia in the colon. Such feed 

ingredients should be processed by some form of heat treatment (e.g. extrusion). Autoclaving, micronization and 

flaking are also suitable procedures for this purpose (Hegedűs, 1995). Flake ingredients are increasingly used by 

the feed industry today. 

Non-starch carbohydrates (e.g. fiber) and non-digestible plant materials delay gastric emptying and are 

necessary for maintaining normal intestinal peristalsis. The energy content of dog food for obese dogs can be 

reduced by increasing its crude fiber content. The optimum crude fiber content of the diet is usually 

recommended at 2 – 3 % of the dry matter content. Based on the findings of domestic and international research 

aimed at determining the nutrient requirements of dogs it can be concluded that individual researchers differ in 

their opinion concerning the role of carbohydrate in dog nutrition. While there are no questions raised 

concerning the essential nature of protein and fat as energy supplying nutrients, the results of feeding trials 

conducted with the purpose of determining the carbohydrate requirement are extremely varied. As far as protein 

and fat requirements are concerned, the differences in opinions only pertain to the optimum levels for specific 

physiological stages. 

In summary, it can be concluded, that carbohydrate – although physiologically an essential nutrient – can not be 

considered an indispensable ingredient of foods and diets for dogs. It is possible, that contrary to several other 

mammalian species, the canine liver is capable of producing sufficient quantities of glucose through 

gluconeogenesis, using amino acids and glycerol in the process. When feeding carbohydrate free diets, the 

animals should be given substantially more protein and fat in order to provide sufficient quantities of glucose 

precursors for their body. Particular care should be taken in meeting the nutrient requirements when the body is 

under increased stress (growth, gestation, lactation). 

When the nutrient supply of bitches in late gestation is inadequate it may lead to the synthesizing of less 

(intermediate) glucose by the metabolism than what is needed to cover the requirement. In consequence, dams 

in advance gestation and kept on carbohydrate free diets may develop hypoglycemia on the last week and 

ketosis (pregnancy toxemia) during whelping. 

It should also be noted, that proteins and fats are considerably more expensive nutrients than carbohydrates. If 

the ration contains so much protein that it exceeds the transforming potential of the animal, it will on the one 

hand increase feeding costs, and on the other hand not only a part of protein will be lost, but it will also be a 

burden for the dog with the resulting harmful metabolites. Carbohydrates facilitate protein digestion, utilization 

of minerals, and in the case of high energy requirement reduce the utilization of fats and proteins for energy. 

When the energy requirement is covered from increased lipolysis in the liver, the number of ketone bodies may 

escalate in the blood, leading to health impairment. Bearing all this in mind, it can be concluded, that although 

dogs can be sustained on a carbohydrate free diet, the manufacturing of carbohydrate free dog foods, and the 

carbohydrate free feeding of these animals is not a practical option due to the relatively low price of starch. 

Financial considerations therefore justify the production of dog foods containing carbohydrates. 
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3. fejezet - The physiological role of 
minerals 

In addition to supplying energy, crude protein and amino acids, plus fat and carbohydrate to the dogs, it is also 

necessary to provide a balanced supply of macro and micro nutrients and vitamins. Calcium, phosphorus, 

sodium and chloride, besides potassium and magnesium are considered to be the most important macro nutrients 

for dogs. Of micro nutrients iron, copper, manganese, zinc, iodine, selenium and cobalt require special attention. 

The physiological roles of calcium and phosphorus are closely interrelated, and they play an important role in 

the strength of the skeletal system and teeth. Calcium furthermore is important in blood coagulation and in the 

transmission of neural impulses. Phosphorus is a component of the high energy phosphorus compounds (e.g. 

ADP, ATP), and of several enzyme systems. The absorption of these two elements is best beside a narrow 

(1.2:1) Ca/P ratio, and this should be taken into account in the manufacturing of commercial dog foods as well. 

Potassium is present in the cells in high concentrations, and plays an important role in the transmission of 

neural impulses, as well as in maintaining the electrolyte balance and muscle tissue metabolism. Potassium 

deficiency may cause myasthenia, poorer growth, kidney and heart problems. Its deficiency is rare in practical 

circumstances, as most diets contain it in large quantities. This is especially true of the grain component of dry 

dog foods. 

Sodium, together with chloride are primarily important in regulating the electrolyte balance of the body. Both 

minerals are usually added to the diet in the form of table salt (sodium-chloride), but it can also be found in fish-

meal, which means that it is necessary to know the NaCl content of raw materials used in the manufacturing of 

dry dog foods. Dogs swimming or bathed often should be given more salt due to the higher electrolyte loss 

through the skin. 

Magnesium is a component of connective tissues and bones. It has an important role in the sodium and 

potassium metabolism, and also participates in several enzyme reactions. Its deficiency may lead to diarrhea and 

also to myasthenia in puppies. Severe deficiencies can cause muscle spasms (tetany), as described for other 

livestock species. 

Iron is the essential element for respiratory functions; the functioning of enzymes participating in tissue 

oxidation and of haemoglobin performing the transport of oxygen is depending on iron. Haemoglobin stores 70 

% of the iron reserves of the body, with the balance stored in the liver, spleen and bone marrow. Iron deficiency 

causes anemia, resulting in the typical clinical picture of weakness and fatigue. Iron overdose (iron poisoning) is 

associated with inappetence and loss of body weight. 

Copper is a component of enzymes participating in oxidative processes, and occurs predominantly in the eyes, 

liver, heart, kidneys, muscle tissues and brain. It plays an important role in hematopoiesis and in the normal 

functioning of the central nervous system. Copper deficiency can be associated with bone disorders. Cu 

overdose may lead to anemia. Some dog breeds (e.g. Doberman) are known to have a metabolic disorder that 

causes toxic copper concentrations in the liver, resulting in hepatitis and liver failure. 

Manganese is the activator of numerous enzymes, participates in the carbohydrate and lipid metabolism, and in 

the synthesis of protein, deoxyribonucleic acid and ribonucleic acid. Manganese deficiency is associated with 

abnormal growth and fertility problems, and with disorders of the lipid metabolism. Its absorption is poor, and 

the excess of certain metals (e.g. iron, cobalt, calcium) further inhibits its uptake. Grains are rich in manganese, 

consequently dry dog foods with a high grain portion contain it in sufficient quantities. 

Zinc has an important role in protein, fat and nucleic acid metabolism. The efficiency of its absorption is 20 – 

30 %, but phytate (e.g. in flaked corn), excess fiber levels, oxalates reduce this rate. Zinc deficiency slows 

growth, may lead to inappetence, and in consequence to a loss of body condition. Skin lesions may develop 

associated with hair loss (especially around body orifices, on the nose bridge, around the eyes). Zinc deficiency 

is often associated with testicular lesions as well. 

About 70 – 80 % of the iodine content of the body can be found in the thyroid, because iodine is a component 

of the thyroid hormones (thyroxine, triiodothyronine). It participates in the control of metabolic processes, 

influences growth and the functioning of the nervous system. In consequence of increased thyroid activity the 
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gland located at the neck of the animal becomes enlarged (goiter), which is the principal symptom of iodine 

deficiency. Typical symptoms of low thyroid activity are skin and hair lesions and excessive sleepiness. Iodine 

in overdose harms the synthesis of thyroid hormones and may cause iodine myxedema or goiter. The simplest 

and most practical method of iodine supplementation is using iodised salt. 

The physiological role of selenium is closely linked to Vitamin E in that it functions as an antioxidant, binds 

free radicals and thereby also prevents the development of cancer. Selenium deficiency can cause degeneration 

of cardiac and skeletal muscles. It can be overdosed easily, and high dosages are toxic. Good selenium sources 

are sea fish, offal (liver, kidney), various meats and grains. 

The minimum and recommended mineral requirements for adults dogs are shown in Table 8. Table 9 contains 

the recommended values for growing puppies, and Table 10 has these values for gestating and lactating bitches. 

The data show clearly that the recommended values for maintenance are often several times higher than the 

minimum values, which means that the recommended values very likely cover the actual requirements of the 

animals. 
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4. fejezet - The physiological role of 
vitamins 

1. Fat soluble vitamins 

Vitamin A is best known of its role in the physiological functions of vision. Vitamin A participates in numerous 

other physiological functions, it ensures the normal proliferation of epithelial cells, the development of teeth and 

bones. Dogs are able to synthesize vitamin A from beta carotene (the yellow and red pigment of several fruits 

and vegetables). Vitamin A deficiency n its early stages causes the so-called night blindness, a vision problem at 

twilight or in poor light. Vitamin A is essential for producing rhodopsin, the photosensitive substance of the 

retina. Vitamin A deficiency is also characterized by dystrophy of the epithelium and the tear-producing glands, 

sweat and sebaceous gland problems, dry skin, splitting hair and hair loss. The deficiency of vitamin A can 

cause furthermore dry eye, ataxia, conjunctivitis, corneal ulcers, skin lesions, disorders of the epithelia (bronchi, 

respiratory tracts, salivary glands), bone formation and nervous system abnormalities, and increased 

susceptibility to diseases. Vitamin A in overdose can lead to bone disorders, gingivitis, and finally the loss of 

teeth. 

Vitamin D (calciferol) facilitates the absorption of calcium and phosphorus from the gastrointestinal tract, and 

directly affects bone formation. Certain foreign substances entering the body (lead, cadmium) and some drugs 

increase the requirement of this vitamin. Its presence is crucial for the growth and development of bones, so that 

its deficiency causes rickets in juvenile animals. Bone density is impaired, long tubular bones may bend, bone 

ends are noticeably enlarged with an irregular structure. Using the ultraviolet rays of sunlight, dogs can 

synthesize vitamin D3 from the lipid compounds in their skin, and thus the adult animals require only limited 

amounts of dietary vitamin D3. Excess doses of vitamin D are harmful for the dog, may lead to loose connective 

tissues, extreme calcification of lungs, kidneys and stomach. Teeth and jaws may be distorted, and particularly 

large doses may cause mortality of the animal. 

Vitamin E (tocopherol) has an important role in maintaining the stability of cell membranes. Tocopherols 

oxidize readily and at the same time act as antioxidants, preventing thereby the oxidation of poly-unsaturated 

fatty acids. It is also called the antisterility vitamin, and it was found to have anti inflammatory effects as well. 

Numerous compounds with vitamin E properties are known, such as alpha-, beta-, gamma- and delta-tocopherol, 

and the synthetic ester derivatives, for example tocopherol-acetate. The best natural sources of vitamin E are 

vegetable oils, meat, liver and eggs. 

Consequences of vitamin E deficiency can be the dystrophy of skeletal muscles, abnormality of testicular lamina 

propria, embryo development disorders and damaged immune response. 

Vitamin K family occurs in nature in two forms: vitamin K1 (phylloquinone), synthesized by green plants, and 

vitamin K2 (menaquinone), synthesized by bacteria. Natural vitamin K –s are fat soluble only, while their 

synthetic derivatives (vitamin K3) can also be dissolved in water. They have a role in blood coagulation. Vitamin 

K deficiency is extremely rare in healthy animals, since dogs meet their daily requirement through its bacterial 

synthesis. 

2. Water soluble vitamins 

Vitamin B1 (thiamine) participates in the carbohydrate metabolism. Its deficiency causes weakness and 

neurological abnormalities, which may be followed by mortality due to heart failure. Thiamine is extremely heat 

sensitive, and can be inactivated by the thiaminase enzymes in raw fish. Prior to their processing commercial 

dog foods are supplemented with high levels of thiamine, which will provide the requirement even in case of 

bigger losses. Toxicity of this vitamin is low. 

Vitamin B2 (riboflavin) enzymes perform the oxidative breakdown of pyruvic acid, fatty acids and amino acids, 

and have an important role in tissue respiration and detoxification. It has a role in the oxidation of nutrients in 

the body, and is a component of enzymes absorbing and transporting cleaved hydrogen molecules. It is also 

important in the growth of animals. The gastrointestinal tract is able to synthesize it. Prolonged, broad spectrum 

antibiotic treatment however destroys the intestinal microflora, and thus may cause riboflavin deficiency. Its 

deficiency leads to eye lesions, skin disorders and testicular abnormalities. 
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Vitamin B3 (niacin) is a component of the coenzymes participating in the tissue redox processes. When 

requirements are determined, the production from tryptophane should be taken into account: 1 mg nicotinamide 

is produced from 60mg tryptophane, and the conversion needs pyridoxine, thiamine and riboflavin. For this 

reason niacin requirement is usually expressed as niacin equivalent – with regard to the conversion from 

tryptophane – and 1 mg niacin equivalent = 1 mg nicotinic acid = 60 mg tryptophane. Niacin is a component of 

two important coenzymes that participate in the reactions needed for the utilization of important nutrients. Its 

deficiency can lead to gastrointestinal problems, inappetence, and can also cause the so-called black tongue 

disease, which has symptoms similar to pellagra. 

Vitamin B5 (pantothenic acid) is a derivative of beta-alanine acylated with dimethyl dihydroxy butyric acid, and 

is a component of coenzyme A, which is of key importance in the intermediary metabolism. It participates in the 

digestion of energy carrying carbohydrates, in fatty acid synthesis and break down, in the synthesis of various 

sterols, steroid hormones and porphyrins. Intense physical activity and stress increase its requirement. Its 

deficiency may be associated with growth checks, fatty liver syndrome, gastrointestinal disorders, ulcers and 

loss of hair. The deficiency, however, is quite unlikely, as its is ubiquitous both in animal and in plant tissues. 

Vitamin B6 (pyridoxine) is a component of numerous enzyme systems. It has an important role in the transport 

of amino groups, and in the break down of carboxylic acid. It can function as a catalyst, and as such can 

stabilize the intermediate steps of the reactions between numerous carbon containing substances. Its deficiency 

causes weight loss, hemophilia, dermatitis and hair loss. 

Vitamin H (biotin) is a component of coenzymes. Biotin deficiency in its early stages causes exfoliative 

dermatitis. The daily requirement however is covered by the biotin produced by the intestinal flora, and thus the 

risk of a deficiency is slight. Avidin, present in raw egg white, can neutralize biotin, thus dogs should better be 

fed with boiled eggs. 

Folic acid is a component of the coenzyme participating in DNA synthesis. Folic acid deficiency can cause 

anemia. The bulk of the daily folic acid requirement can be synthesized by the intestinal bacteria. 

Vitamin B12 (cobalamin) participates in the fat and carbohydrate metabolism and in the production of a 

component of the neural tissue. Disorders of the nervous system are a possible consequence of vitamin B12 

deficiency. 

Choline is a component of the cell membrane and it is also a precursor of acetyl-choline – a neurotransmitter in 

the body. Its deficiency may cause kidney and liver dysfunction, manifested in fatty liver disease. 

Vitamin C (ascorbic acid) can be produced by dogs from glucose, and thus they do not need it in their food. 

Certain skeletal conditions, however, for example hypertrophic osteodystrophy, hip dysplasia and other 

pathological conditions of large and giant breeds particularly resemble ascorbic acid deficiency (scurvy). 

Ascorbic acid administered in certain gastrointestinal problems is beneficial. 

The vitamin requirements of adults dogs are listed in Table 11, while Table 12 shows requirements of growing 

dogs (puppies) and the recommended values for gestating and pregnant bitches are shown in Table 13. 
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3. Some practical aspects of the nutrition of the dog 

In addition to animal protein the dog also needs plant-source ingredients in the diet for normal digestion and 

intestinal function. The amino acid composition of protein is more of an issue for the growing puppies – they 

need more essential amino acids. Adult dogs are less demanding about the quality of protein, but senior dogs 

require high quality protein again. Keratin proteins often added to commercial dog foods (feather, hair, keratin) 

are poorly digestible, and thus they should be sufficiently processed using heat treatment. Tendons, skin, bone 

primarily consist of collagen protein, which do not contain tryptophane, but their cystine and methionine content 

is also low. Protein from grains have a low lysine and tryptophane level too. Meats are rich in lysine, but poor in 

methionine. When formulating the diet the aim is that the amino acid composition of ingredients should 

complement each other. Animals are not able to accumulate large reserves of protein / amino acids, 

consequently they need a continuous supply of proteins. At the time of shedding, and particularly in long-haired 

dogs the protein requirement – and primarily the cystine and methionine requirement – is higher. During this 
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period it is useful to formulate the food with a high methionine level. Raw meat, raw abattoir by-products can 

cause disease (e.g. Aujeszky disease). These ingredients can also carry parasites ( e.g. threadworm). Feeding 

raw by-products from poultry processing is less hazardous, as mammals and birds have relatively few common 

pathologies. Salmonella infection, however, is still a risk. Splintering bones (chicken bones) can be hazardous 

for the dog and may damage the gastrointestinal tract. Dogs fed large quantities of bones usually have severe 

constipation, their stool is white, dense, too hard. Dogs can easily digest fat if its is not rancid. Up to 25 – 40 % 

of the energy requirement can be met from fats. It is enough to provide 5 – 8 % fat in the dog food, but even 

higher levels would not cause digestion problems provided high quality fats are fed. Diets with too low fat 

content might be unpalatable, which can cause too low feed intake especially of dry dog foods. The diet should 

contain at least 1 % of unsaturated fatty acids, primarily for the purpose of preventing skin problems (see Table 

7). Raw plant starch is poorly digested by the dog, therefor grain ingredients with high carbohydrate contents 

need to be heat treated. (The feed industry uses heat treated grain components only for the manufacturing of dog 

foods). Large quantities of untreated (raw) starch causes diarrhea. On the other hand, the feeding of too much 

processed starch can lead to obesity. Dogs can easily digest simple sugars, but these also can cause diarrhea. 

Adults dogs usually can not digest lactose well, consequently milk or milk powder in the food can cause 

diarrhea. About 2 – 3 % crude fiber should be provided in the diet to ensure healthy functioning of the 

gastrointestinal system, and to prevent intestinal stasis. In meeting the nutrient requirement of the dog the first 

consideration should be the energy requirement, and then the protein, fat, mineral and vitamin supply. The 

desired quantity of minerals and vitamins can be supplied by adding premixes to the food. The nutrient 

requirement of the dog can be easily met by feeding properly formulated commercial dog foods, but care should 

be taken with the quantities, as higher than necessary doses can lead to the obesity of the animal. The extra 

condition can be associated with various metabolic disorders over the long term, which can seriously damage 

the health of the animals. 
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