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STELLINGEN 
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daily heat production of sows. 
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VI 

For milk fat synthesis, fat content of the diet does not need to exceed 
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VII 

Extra digestible fat in the lactation diet can be beneficial in a warm 
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GENERAL INTRODUCTION 



I. General 

The purpose of a pig breeding herd is high productivity for minimal nutritional input. 

In particular, the cost of the sows' feed must be minimized. Feed costs are the major cost in pig 

production. To balance productivity with the production cost, it is necessary to control those aspects 

of reproduction which are open to manipulation by nutrition. These major aspects include the 

following: milk composition, milk production, body composition of sows (mobilization of fat and 

protein in the sow), litter size, piglet weight, survival of piglets, and, partly, the health status of 

animals. 

The aforementioned traits are also influenced by aspects of management such as housing conditions, 

climatic environment, disease, and behaviour. 

Numerous observations indicate that it is possible to influence the aforementioned traits by feed 

and/or nutrient intake. This means that sufficient feed and nutrient intake of sows play an important 

role in profitable pig production. 

In general, the control of feed intake (voluntary feed intake) of pigs is influenced by a number 

of factors as summarized by NRC (1987, 1988): 

* Physiological factors, including neural and hormonal mechanism, genetic background, 

olfaction and taste. 

* Environmental factors, including environmental temperature, humidity, air movement, number 

of pigs per pen, available space per pig. 

* Nutritional factors, including deficiencies or excesses of nutrients, energy density, antibiotics, 

flavours, feed processing and water. 

These factors have to be taken into consideration for feeding strategies. According to Williams and 

Mullan (1989), there are two steps in the design of feeding strategies for sows. The first involves 

setting reproductive targets (e.g. age and weight for mating gilts, the amount of energy required 

during pregnancy for growth of the conceptus, the amount of energy needed to maintain milk supply 

during lactation yet leave the sow in an acceptable condition at weaning to commence the next 

reproductive cycle). The second step is setting nutrient allowances to meet these specified targets and 

this requires knowledge of the factors that affect the partition of nutrients between maternal tissues, 

the products of conception and milk. 

During lactation, the sow requires nutrients to support maintenance and milk production. Milk 

production has a high priority and if nutrient intake is restricted, the sow will draw on body tissue 

in order to maintain milk production and/or support body maintenance (NRC, 1987). In other words, 

the milk production determines the amount of energy and protein (as the two major nutrients) which 
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need to be supplied in the diet. The amount of energy and protein which is not supplied by feed needs 

to be drawn from body reserves. This may have consequences for reproduction. These sows may have 

considerable weight loss associated with the negative energy balance (Drochner, 1989). A large 

mobilization of muscle tissue during the lactation often occurs in first-litter sows (King and Williams, 

1984b) due to the fact that they may have limited body reserves to draw from. Although the sows can 

experience wide extremes of weight change during lactation, without any great effect on subsequent 

litter size (Varley and Cole, 1978; King and Williams, 1984a,b), weaning-to-mating interval may be 

affected, particularly in first-litter sows. Reese et al. (1982) found that energy intake during lactation 

is responsible for increased weaning-to-mating intervals of primiparous sows. It has also been 

suggested that low protein intake may contribute to extended weaning-to-mating intervals in first-

litter sows (O'Grady and Hanrahan, 1975). 

The total body fat in the piglet at birth represents about 1% of the carcass weight. Much of this 

fat is present as structural fat and is not available for mobilization (Seerley, 1984). Therefore, the 

nutrient and/or energy intake of piglets via colostrum and milk are very important, especially during 

the first week of lactation. The later performance of suckling piglets (gain, litter size, survival, health 

status) is dependant highly on the composition and amount of milk. 

Thus there is sufficient evidence that milk production is one of the most crucial factors in sow 

nutrition which determines both piglets and sow performance. 

The main nutritional goals during lactation are to optimize lactation weight loss and improve milk 

production (or milk nutrients production) and litter performance. Therefore, it is important to study 

the effect of dietary components on amount and composition of milk and on fat and protein 

mobilization in the lactating sow (energy metabolism of sows). 

ARC (1981) has used the factorial approach to estimate energy requirements of lactating sows. 

Factors such as milk production, weight of sows, expected lactation weight loss, litter size and the 

length of lactation must be included in any calculation. This indicates that the dietary energy intake 

can play an important role in altering these traits. Because gilts consume about 15% less energy during 

lactation than multiparous sows (NRC, 1987), there is little chance to improve lactation energy intake 

by increasing daily feed consumption (in kg). The other possibility may be the increase of energy 

density in diets by adding fat. There are indications that fat may be beneficial for energy intake. 

Fat is also an important component for vitamin E requirements. There are two major reasons. The 

first is that vitamin E can act as an antioxidant thus protecting unsaturated fatty acids from oxidation. 

Secondly, vitamin E is a fat-soluble vitamin. Fat may facilitate vitamin E intake and this may 

therefore influence the health status of animals and probably the performance of sows and piglets. 

It can be expected that there is an interaction between dietary fat and vitamin E, especially if fat 
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contains unsaturated fatty acids which are more likely to be oxydized during storage. 

Therefore, in the present investigations, the effects of two nutrients (fat and vitamin E) were 

studied for the amount and composition of milk, and energy metabolism and lactation performance 

of primiparous sows. The effect of vitamin E on the immune system of the lactating sows and their 

piglets was also studied. 

II. Role of dietary fat in sow nutrition (literature) 

Many workers have studied the effects of adding fat to the sow's diet on lactation performance 

as reviewed by Moser and Lewis (1980), Pettigrew (1981), and Drochner (1989). Fat supplementation 

of pig diets is not a novel idea. Moser and Lewis (1980) reported that Hillier in 1950 found that 

growing pigs can make efficient use of diets containing a high fat level. This was reflected by an 

improvement in daily gain and feed conversion efficiency. Similar observations were found in 

poultry. Many workers showed that the addition of fat to poultry diets improved feed efficiency more 

than expected from the increased energy density (Vermeersch and Vanschoubroek, 1968; Jensen et 

al., 1970). This effect has been refered to as an "extracaloric" effect of fat. A large number of studies 

have shown that the effects of fat addition to the sow's diet are not consistent. This can be related to 

different fat composition, to differences in experimental design, and to different conditions of the 

experiments. 

A. Some factors affecting fat utilization 

1. Composition and digestion of dietary fat 

The major site of fat digestion in the gastro intestinal tract in the pig is the duodenum. Basically, 

the digestion involves emulsification of dietary fat by conjugated bile salts, followed by hydrolysis 

of triglycerides into mixtures consisting essentially of monoglycerides and free fatty acids (Wiseman, 

1989). In pigs, saturated fatty acids alone are less absorbed than unsaturated fatty acids (Freeman et 

al., 1968). The micellar formation potential and absorption of saturated fatty acids is increased in the 

presence of unsaturated fatty acids or monoglycerides as reviewed by Stahly (1984). Therefore, the 

digestibility of a particular supplemental fat source in pigs is dependent on the fatty acid composition 

(ratio of unsaturated/saturated fatty acid) of the total diet. The digestibility of fat from diets which 

have a ratio of unsaturated to saturated (U/S) fatty acids greater than 1.5, is high (85-92%) compared 

to diets with a lower ratio (Stahly, 1984). 

Pettigrew et al. (1989) concluded from their study and from literature that nursing piglets can utilize 

medium-chain triglycerides more efficiently than traditional fat sources rich in long-chain 
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triglycerides. 

Moser and Lewis (1980) on the other hand, concluded from the literature data that the type of dietary 

fat seems to be of minor importance for the litter performance. Vegetable oil may have advantages 

in terms of ease of handling, but animal fats are usually less expensive (Moser and Lewis, 1980). 

Drochner (1989) also concluded from different studies that the spectrum of the fatty acids is of 

limited importance for the efficacy. 

2. Dietary fat level 

The level of fat in the sow's diet may play an important role in the performance of lactating sows 

and suckling piglets. In most experiments, fat levels between 7.5 and 15% have been used. This range 

gives the best response in terms of survival of piglets according to Moser and Lewis (1980). 

The results of various studies show that the increase in weaning weight is more favorable if the 

dietary fat concentration in sow's diet was at least 8% and was used through both late gestation and 

lactation periods (Pettigrew, 1981). 

3. Length of time of supplementation 

The length of time of fat supplementation is another variable which may influence the 

performance of piglets. In terms of the number of pigs weaned per litter, it seems to be more 

beneficial to add fat either in late gestation, or lactation rather than in both periods (Moser and 

Lewis, 1980). In terms of survival of piglets, the addition of fat to sow's diet during gestation alone 

or during gestation and lactation gave the largest response. 

4. Other dietary factors 

Stahly (1984) and Freeman (1984) concluded from their reviews that the digestibility of dietary 

fat is influenced by those dietary factors which depress the absorption of nutrients in the small 

intestine. This may be done by potentially altering the rate of passage of the digesta or partly 

insolubilizing the dietary fat. Carbohydrate sources (e.g. barley straw or potato starch) which depress 

the absorption of nutrients in the small intestine and stimulate fermentation in the hind gut, have 

been shown to depress fat digestibility in pigs (Stahly, 1984). Dietary fibre also depressed fat 

digestibility in the chick and laying hen (Scheele, 1981). 

High levels of dietary minerals (Ca, Mg) may also depress the digestibility of long-chain fatty 

acids in rats. The magnitude of this relationship in pigs, however, has not been clearly defined. 
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B. Dietary fat and lactation performance 

1. Live weight of sows and piglets 

Cox et al. (1983) reported that sows fed a control diet (no additional fat) or 10% fat supplemented 

diets ad libitum, lost weight during lactation on both diets. During the summer period no differences 

between the control and treatment groups were found. However, in the winter trial, sows fed the fat-

supplemented diet lost more weight than control animals, probably due to less heat increment. 

Schoenherr et al. (1989) found that weight change in the sow during a 22-day lactation period was 

not affected by diets containing starch or fat in either a thermoneutral (20 °C) or a hot (32 °C) 

environment, when sows were fed ad libitum. 

Seerley et al. (1981) reported that sows fed a diet ad libitum without fat supplementation did not 

consume extra feed or had a different weight loss compared to sows with 10% added corn oil or 10% 

added animal fat in their diet. Control animals, which showed greater weight loss, generally had a 

lower energy intake. Nelssen et al. (1985) found that sows fed at a restricted level with a tallow-

supplemented diet from gestation throughout lactation lost more weight during lactation, than animals 

fed a diet with cornstarch. They concluded that the short adaptation period (6 days) to the diet 

containing animal fat may have resulted in poor digestion of animal fat. Restricted energy intake 

during lactation, lower digestion of dietary fat and higher energy content in the milk may result in 

extra weight loss of sows. 

Data from the literature show that, overall, dietary fat had only minor or no effect on the piglet 

weight at either birth or weaning (Moser and Lewis, 1980). Pettigrew (1981) reviewed 16 trials (no 

creep feed during suckling) in which 9 trials showed a positive effect on the weaning weight of 

piglets when fat was adding to sow's diet and 7 trials showed nothing or a small negative effect. He 

concluded that the mean piglet weight at weaning appears to increase if the dietary fat concentration 

is at least 8%. Coffey et al. (1982) and Nelssen et al. (1985) reported no significant differences in 

average piglet weight during the suckling period if the sow's diet was supplemented with fat. 

Many studies were conducted to determine the dietary fat effect on weight change of sows and 

their piglets, but the results are inconsistent. The results of experiments indicate that supplemental 

fat during lactation may provide two benefits, a reduction in the weight loss of the sows, and an 

increased weaning weight of the litter. However, both responses are not large and may not justify the 

cost of the fat (Pettigrew, 1989). 

2. Survival of piglets 

Pre-weaning mortality is a major source of animal losses. During the suckling period the 

mortality of piglets is approximetaly 14 % (Baltussen, 1988). Many pre-weaning piglet deaths may 
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result from a shortage of energy (Pettigrew, 1989). Addition of fat to the sow's diet during late 

gestation, in that case, might increase the fat content of the colostrum and milk, and this will increase 

the total amount of energy transferred to the piglets via the mammary glands of sow (Pettigrew, 

1989). Reviews on the subject (Moser and Lewis, 1980; Pettigrew, 1981; Seerley, 1981; Drochner 

1989) suggest that this increased transfer of energy to the piglets may improve their survival rate. 

Most of the studies from the gestation group showed improvement in piglet survival rate. However, 

when fat was added after farrowing, little effect was observed (Seerley, 1984). 

It should be noted that when pre-weaning survival is at an acceptable level, it is not improved 

by additional fat. With low pre-weaning survival, however, supplemental fat can be beneficial but 

there are probably more effective means of improving it (Pettigrew, 1989). Drochner (1989) also 

concluded from the literature data, that the positive effect of dietary fat for survival is predominant, 

when birth weights are low and when there are large litters and low survival rates. 

3. Milk composition 

The effect of dietary fat on the composition of milk, (particularly the fat content) has been 

widely investigated. Fatty acids in the milk are derived from two sources: firstly from the blood lipids 

which include both endogenous and dietary fatty acids. Secondly, it may be derived from de novo 

synthesis in the mammary glands (Hartmann and Holmes, 1989). This means that the concentration 

of fat in colostrum and milk can be increased by increasing the fat level in the sow's diet, as has been 

found in numerous studies (Miller et al., 1971; Friend, 1974, Seerley et al., 1974, 1978a,b; Boyd et 

al.,1978; Coffey et al., 1982, Pettigrew, 1981; Drochner, 1989). 

Contents of protein, lactose, and total solids, were not affected by the fat level in the sow's -diet 

according to Coffey et al. (1982) and Drochner (1989). 

4. Milk production 

The effect of dietary fat on the milk yield of sows in various studies, are given in Table 1. The 

data demonstrate that the comparison of results between different studies is difficult because the daily 

feed and/or ME intake of sows during lactation was not always controlled. Also, different measuring 

techniques for estimation of milk yield (weigh-suckle-weigh method, D20 dilution technique, 

regression equation relating pig weight gain) were used. These may influence the magnitude of milk 

production. Furthermore, in most studies multiparous sows were used or there is no information about 

the effects of parity. 

Generally, it may be concluded from the literature data that fat addition to the sow's lactation diet 

may only have a slightly positive effect on the milk production of sows, or no effect at all. 
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Table 1. Effect of supplemental dietary fat on milk production of sows in various studies 

Reference 

Pettigrew (1981)a 

Boyd et al. (1982)b 

Coffey et al. (1982)b 

Lellis and Speer (1983)b 

Shursonet al. (1986)b 

Schoenherr et al. (1987)b 

Fat in 
diet 

animal fat 
or corn oil 

tallow 

animal fat 

tallow 

animal fat 

choice white 
grease 

Feeding 
during 
lactation 

no data 

ad libitum 

rationed 

rationed 

ad libitum 

ad libitum 

Fat effect 
on feed or 
ME intake 

no data 

isocaloric 

isocaloric 

isocaloric 

increased 

increased 

Fat effect 
on milk 
yield 

slightly 
increased 

slightly 
increased 

positive 

no effect 

positive 

no effect 

a Review and own results. 
b Own experimental results. 

C. Energy metabolism and fat 

The effect of dietary fat on energy metabolism of lactating sows has not been studied intensively. 

Most investigations used rats, growing pigs, non-pregnant non-lactating sows or other species. The 

most important question for fat nutrition during lactation is whether the extra dietary fat can 

influence the energy balance, heat production, or an alteration in body composition (mobilization of 

fat and protein in sow). If so, fat might be used to manipulate the metabolism of sows. Another 

important question is whether it is possible, in a well controlled experiment to improve the efficiency 

of milk production from metabolizable energy of feed (ME) above maintenance with a high level of 

dietary fat. 

Nutrients are required by animals both as an energy source and as materials for the construction 

of body tissues and the synthesis of milk and eggs. This production requires energy above that 

required for maintenance. Energy supplied by feed in excess of that needed for maintenance is used 

for the various forms of production. A young growing animal will store energy in the form of protein 

in its new tissues at a greater rate than a mature animal. The latter will store relatively more energy 

as fat and a lactating animal will transfer feed energy into the energy in milk constituents (McDonald 

et al., 1988). However, it also must be pointed out that piglets store more energy as fat than as protein 

(Whittemore et al., 1978). 
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The ingestion of feed by animals is followed by losses of energy, not only as the chemical energy 

in its solid, liquid and gaseous excreta, but also as heat. Heat is produced as a result of the many 

metabolic processes occurring within the animal. The extent to which it occurs is not only 

charactaristic of the animal per se, but is dependent upon nutritional, productive, environmental and 

other related factors (Close and Verstegen, 1981). This may indicate that the dietary nutrients such 

as fat and carbohydrates may also influence energy metabolism and particularly the thermogenesis 

of animals. 

The relative energetic value of fat and carbohydrates for body metabolism depends on the use 

of that energy source for maintenance or for tissue synthesis (Chudy and Schiemann, 1969; Nehring 

and Haenlein, 1973). A study with growing rats indicated that dietary fat calories appear to be 

preferentially utilized for body-fat synthesis rather than for other purposes (Chudy and Schiemann, 

1969). The greater efficiency of utilizing fat calories for fatty tissue synthesis is because dietary fat 

can be directly incorporated into body fat, which minimizes the heat losses normally associated with 

fat synthesis from acetyl Co A (Stahly, 1984). This suggests that absorbed dietary fatty acids may be 

preferentially used for the formation of body fat if sufficient alternative energy sources are present 

in a ratio to meet all other energy requirements. It would be expected that the efficiency of utilization 

of ME would increase as the proportion of that energy derived from dietary fat increased, until the 

capacity of the animal for lipogenesis is exceeded (Hillcoat and Annison, 1974). The effect of dietary 

fat on efficiency thus depends on the feeding level and on how much fat deposition from the diet 

occurs. 

The results of heat production and energy balances have shown that the response to dietary fat 

is variable. Muller and Kirchgessner (1980) found no differences in heat production and in energy 

retention in mature, non-pregnant sows fed a diet containing only protein and fat or a mixed diet 

(protein and carbohydrate plus fat). Kirchgessner and Muller (1984) reported that, in non-pregnant, 

non-lactating, mature sows, a high-fat diet fed at approximately maintenance level had no diet-

induced thermogenesis compared to a carbohydrate-rich diet. Prabucki and Schiirch (1977) also found 

that, in rats fed at a low level of intake, the ratio of carbohydrates to fat in isocaloric diets had no 

effect on heat production. 

Hillcoat and Annison (1974), on the other hand, noted that with growing pigs heat production tended 

to decrease with increasing dietary fat level. It should be noted, however, that the daily level of ME 

intake of their animals was higher compared to some other studies. In most other studies, animals were 

fed at approximately maintenance level, and this explains why, in most cases, no effects were found. 

It is relevant therefore, to measure the effects of fat addition to the diet on energy metabolism in 

animals which have a high feeding level e.g. lactating sows. 



General introduction 11 

III. Role of dietary vitamin E in sow nutrition (literature) 

A. General 

/ . Name, chemical forms and absorption of vitamin E 

Vitamin E is the name given to a group of 8 chemicals called tocopherols (Mackinnon, 1989). The 

multiple nature of vitamin E became evident in 1936 when Evans and his co-workers (after Ullrey, 

1981) isolated two compounds with vitamin E activity from wheat germ oil. These were named a- and 

ß-tocopherol. Subsequent investigations isolated 7- and 5-tocopherols and disclosed the existence of 

four tocotrienols in several vegetable oils (Ullrey, 1981). The most biologically active form is a-

tocopherol. A synthetic form, a-tocopheryl acetate, is used to supplement naturally-occuring 

tocopherols in feedstuffs. There are two forms of a-tocopheryl acetate, the "d" and "1" isomers 

(sometimes also "D" and "L" are used depending on the editorial policy). The d-isomer is more active 

than the 1-isomer (Mackinnon, 1989). Because a-tocopherol has the highest vitamin E activity, it is 

common to assay this isomer only rather than to perform the more difficult separation and 

quantification of all eight natural compounds (Ullrey, 1981). 

The concentration of vitamin E-active compounds is low in animal tissues and occur as a consequence 

of the consumption of tocols and tocotrienols in plants or commercially produced tocopherols fed as 

dietary supplements. 

Absorption of vitamin E is related to fat digestion and is facilitated by bile and pancreatic lipase (Wiss 

et al., 1962, after Ullrey, 1981). 

2. Vitamin E supplementation to sow diets 

The recommendation for supplementation of vitamin E to sow diets varies considerably among 

different countries (Table 2.). In Denmark, the dietary supplemental level of vitamin E is 37 IU/kg 

diet, while in many other countries the levels used are much lower. In the Netherlands, the level of 

vitamin E used is 9 IU/kg diet. Within a country sow diets can vary from 10 to 30 IU/kg diet (Klaver 

and den Hartog, 1983). 

Table 2. Recommended levels of supplementation of vitamin E in sow diets (IU/kg) in several 
countries (Klaver and den Hartog, 1983) 

U.K. Canada/US 
(ARC,1981) (NRC,1988) 

Vitamin E (IU/kg) 9 10 

Nether­
lands 

9 

Germany France Denmark 
(DLG.1982) (AEC.1988) 

20 14 37 

IU= international unit= 1 mg a-tocopheryl acetate. 
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3. Vitamin E (a-tocopherol) concentration in blood, colostrum and milk 

Several papers have demonstrated that plasma and serum vitamin E (a-tocopherol) concentration 

in sows, may be influenced by dietary vitamin E level (Young et al., 1977; Loudenslager et al., 1986). 

Drochner (1976) concluded from different studies that a-tocopherol concentration in the serum is in 

equilibrium with dietary vitamin E. Therefore, the serum a-tocopherol concentration is not a good 

parameter for estimation of the tocopherol status of the animal, but it can be a good indicator for 

vitamin E content of the diet. 

Prior to suckling, a-tocopherol concentration in the serum of the newborn piglets is low. The low 

plasma and tissue levels of a-tocopherol in the neonatal pigs suggest that there is a low rate of vitamin 

E transfer across the placenta (Pharazyn et al., 1990). 

During suckling, colostrum represents the major source of vitamin E for the neonate, providing 

an accumulation of tissue reserves of a-tocopherol seen in the first week of life (Dvorak, 1979). 

Cline et al. ( 1974), Young et al. ( 1977) and Loudenslager et al. ( 1986) found that a-tocopherol content 

of sow colostrum and milk was increased with added vitamin E in the diet. Malm et al. (1976) 

reported that animal fat from lard tended to promote a higher concentration of a-tocopherol in milk 

fat than corn oil did (Table 3.). 

Results of these studies indicate that a-tocopherol concentration in colostrum and in milk can be 

enhanced by a higher level of dietary vitamin E. 

4. Factors influencing the vitamin E needs of swine 

Many factors may influence the vitamin E needs of swine. Adams and Zimmerman (1982)have 

published a survey of various dietary factors such as content, bioavailibity and stability of vitamin 

E, content of selenium in the diets, and animal factors (e.g. performance). It has also been stated in 

many reports that increasing the fat content of the diet, particularly the polyunsaturated fatty acid 

(PUFA) content, increases the requirement for a-tocopherol (Pharazyn et al., 1990). 

B. Main functions of vitamin E in animals 

In various investigations it has been reported that vitamin E may play a role in improving the 

reproductive performance of sows. It appears to function as an intracellular antioxidant (Putnam, 

1982). It also may influence the architecture of membrane phospholipids, inhibit the aggregation of 

blood platelets, and improve the immune status and the response to infection (Ullrey, 1981). 
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Table 3. Influence of vitamin E and polyunsaturated fat level 
colostrum and milk (taken from Malm et al., 1976) 

Diet Low vit.E High vit.E 
lard lard 

13 

in gestation diets on a-tocopherol in 

Low vit.E High vit.E 
corn oil corn oil 

a-tocopherol (/ig/g fat) 
Colostrum 24a(3)1 212a(4) 14a(2) 90b(2) 

(15-34)2 (184-251) (7-21) (51-130) 

Milk at 4a(l) 43b(4) la(l) 35b(3) 
three weeks (32-58) (27-44) 

1 No. of samples in parentheses. 
2 Range. 
a ,b Data within a row with different superscripts are significantly different from each other 

(P < 0.05). 

1. In vivo antioxidant, blood clotting, prostaglandins synthesis 

The cell membrane contain various fats or lipids, many of which are unsaturated. This means 

that, unlike saturated fats, they do not contain their full complement of hydrogen atoms.Therefore, 

they are "open" to take up certain elements, particularly oxygen. Oxidation of lipids describes the 

process by which fats become rancid. Without vitamin E, body lipids undergo a similar process 

(Mackinnon, 1989). 

The antioxidant properties of vitamin E also help to maintain the structure and function of red blood 

cells, blood vessels, the nervous system and the endocrine and hormonal system. As reviewed by 

Ullrey (1981), it appears that vitamin E is an inhibitor of platelet aggregation. The increase in lipid 

peroxides normally associated with platelet aggregation is reduced by vitamin E. 

Vitamin E also may modulate synthesis of prostaglandins, which are important regulators of immune 

responses. Since increased prostaglandin concentrations may be immunosuppressive, the ability of 

vitamin E to prevent infection-induced increases in prostaglandins may also contribute to the 

enhancing effects of vitamin E on the immune response (Sheffy and Schultz, 1979; Likoff et al., 

1981). 

2. Immunity 

The effect of vitamin E on the immune system of animals has been reviewed by Ullrey (1981); 

Nockels (1983, 1986) and Pharazyn et al. (1990). How vitamin E influences the immune system of 

animals is not clearly understood. Vitamin E seems to exert its enhancing effect on the immune 

response by stimulating ubiquinone synthesis and this compound increases phagocytic activity 



General introduction 14 

(reviewed by Herlyn and Glaser, 1976). Tocopherols do indeed stimulate phagocytosis, however, 

exceeding the dose results in the opposite effect (Gropp and Birzer, 1989). 

Some studies have demonstrated that vitamin E can improve humoral and cell-mediated immunity 

of animals. 

Studies with chickens have shown that vitamin E enhances resistance to bacterial infection and 

also the humoral immune response to antigenic stimulation (Tengerdy et al., 1972; Tengerdy and 

Nockles, 1975; Tengerdy and Brown, 1977). Protection from bacterial infection was correlated with 

increased phagocytosis and increased antibody production (Tengerdy and Brown, 1977). 

Hayek et al. (1989) reported that a single i.m. injection of vitamin E and/or selenium into the sows 

on day 100 of pregnancy subsequently increased IgG concentration in piglet serum on day 14 of 

suckling. 

Tanaka et al. (1979) found that vitamin E stimulated the helper activity of T-lymphocytes in mice. 

In 7 to 10-week-old mice after injection of vitamin E (Yasunaga et al., 1982) and in weanling rats fed 

a vitamin E supplemented diets (Bendich et al., 1986), the increased lymphocyte mitogenic response 

indicated that vitamin E could influence cellular immunity. Other studies with weaned piglets, 

however, did not indicate an effect of dietary vitamin E on humoral and cell-mediated immune 

response (Kornegay, 1986; Bonnette et al., 1990a,b). 

Data from literature show that the effect of vitamin E on the immune response of animals is not 

consistent and only scarce information is available on lactating sows and suckling piglets. In most 

studies chickens, rats, mice, weaned piglets, or other species were used. 

3. Reproductive performance and milk production of sow 

Several investigations have concluded that vitamin E can influence reproductive performance of 

sows. This effect is more pronounced in older sows than in gilts (Adams and Zimmerman, 1982; 

Chavez and Patton, 1986; Mahan, 1991 ). Results in a few trials indicate that after the second and third 

farrowing, sows fed supplemental vitamin E had more live piglets born per litter and heavier piglet 

weight at three weeks of lactation compared to the unsupplemented sows. 

Malm et al. (1976) found no significant effect of high vitamin E supply on reproductive performance 

(number and weight of piglets) of 7 to 8 month-old sows fed with sunflower oil or animal fat. Nielsen 

et al. (1979) also reported that higher levels of selenium and vitamin E (45 mg/kg diet) in the sow's 

diet had no significant effect on litter size nor on piglets' weight. Adams and Zimmerman (1982) 

reported, that multiparous sows fed supplemental vitamin E had increased milk production compared 

with unsupplemented sows. Nielsen et al. (1979) also found a tendency to an increase in milk yield 

of the sows following additions of selenium and vitamin E to the diet. In an earlier study, Nielsen et 
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al. (1973) observed a dramatic drop in milk production for sows on low vitamin E diets. 

IV. Conclusions from literature and scope of present thesis 

From the literature it can be conluded that the effect of fat addition to the sow's diet on practical 

traits has been studied quite extensively. Data have shown that the fat concentration in colostrum and 

milk is increased with higher dietary fat levels in the sow's diet. Although most of the studies 

suggested an increase in weaning weight with extra fat in the diet, the increases were small and 

usually not statistically significant. Adding fat to sow diets can improve pig survival. However, the 

improvement is small, and has not been observed in all experiments. Data from different studies have 

shown also that the fat supplementation had no clear effect on the weight change and milk production 

of sows. 

There is only limited information on the energy metabolism of lactating sows (energy balance, heat 

production, protein and fat mobilization) fed different levels of dietary fat. Data available mostly 

relate to non-lactating animals and are somewhat inconsistent. 

Results from different trials have shown that dietary vitamin E can increase the a-tocopherol 

concentration in serum, colostrum and milk. In the literature, studies with chickens, rats, mice, and 

with weaned and growing pigs, indicate that vitamin E may influence the immune system of these 

animals. However, the systematic studies on the effects of vitamin E on the immune response in 

lactating sows and suckling piglets are very limited and the results are not consistent. Results showed 

only minor positive vitamin E effects on reproduction performance and on milk production. 

Data of literature show that the parity may determine the effect of fat and vitamin E. Because 

multiparous sows may have a more variable history between animals it was arbitrarily decided to 

focus on primiparous sows. Moreover, primiparous sows have a lower feed intake and so fat may have 

a larger effect on their energy balance traits than in older sows. 

Fat probably stimulates the energy output in milk. This will undoubtedly have an effect on energy 

metabolism. Vitamin E may have an effect on fat uptake from the gastrointestinal tract especially at 

high levels of unsaturated fat. This has not been investigated until now. Therefore, we decided to 

study the interaction of dietary fat and vitamin E with regard to energy metabolism. 
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The present thesis therefore, focuses on the following questions: 

1. What is the effect of different levels of dietary fat and vitamin E in the lactation diet on: 

* the energy metabolism of primiparous lactating sows (Chapter 1 and 2); 

* the lactating performance of primiparous sows and their piglets (Chapter 3 and 4); 

* the composition of milk (Chapter 3 and 4); 

* the milk production and efficiency of milk production of primiparous sows (Chapter 1, 3 

and 4); 

2. What is the effect of different levels of dietary vitamin E and different types of dietary fat in the 

sow's diet on: 

* the lactation performance of primiparous sows and their piglets (Chapter 4); 

* the immune response of primiparous sows and their piglets (Chapter 5 and 6). 

In the present thesis both vitamin E and a-tocopherol are used interchangeably i.e. vitamin E. In 

various chapters which have been submitted to different journals, one or the other is used depending 

on the requirement of the journal. Both names refer to the same compound, however. 
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Effect of dietary fat level and vitamin E on energy- and nitrogen 

balances of primiparous lactating sows 

Abstract 

A total of 63 primiparous hybrid sows were used in two experiments to study the effect of different 
fat and vitamin E levels in the lactation diet on the energy balance |EB] and nitrogen balance [NB| 
of animals. The experiments were used to measure the efficiency of milk production of sows from 
metabolizable energy of feed. In experiment 1 the major difference in energy sources in the lactation 
diets were tapioca starch or animal fat. Fifteen sows received the low-fat diet (starch and fat 
content: 396; 43 g/kg DM) and 16 sows were fed a moderate fat-level diet (starch and fat content: 
286; 75 g/kg DM) during 4 weeks of lactation. In experiment 2 cornstarch (200 g/kg) was 
substituted by animal fat. Sixteen sows were fed during 4 weeks of lactation a low-fat diet (starch 
and fat content: 418; 37 g/kg DM) and 16 were fed a high-fat diet (starch and fat content: 266; 125 
g/kg DM). Vitamin E contents in experiment 1 were: 14 or 126 mg/kg diet and in experiment 2: 22 
or 151 mg/kg diet. In both experiments EB and NB of sows were measured between days 18 and 25 
of lactation in respiration chambers. It was concluded that sows fed a high level of dietary fat 
produced more milk energy (P < 0.05). The efficiency of milk production from ME was improved (P 
< 0.05) with high dietary fat compared to low-fat diet. Animals fed the high fat level had a more 
negative EB (P < 0.05) when ME intake was controlled. The NB was not affected by the dietary fat 
levels. The dietary vitamin E did not improve the traits tested. 
Key Words: Sow, Fat, Vitamin E, Energy balance, Nitrogen balance. 

Introduction 

Weight losses of sows during lactation can vary considerably. In cases where sows do not consume 

sufficient energy for milk production and/or when they have a large litter size they are in negative 

energy balance (Drochner, 1989). This negative energy balance of sows during lactation may affect 

the change in body weight and its composition (Lange et al., 1980). Body condition may be particular 

problem in primiparous sows. Low lactation feed intake in these sows leads to mobilization of their 

body reserves for milk production. It is thought that this may affect the subsequent reproductive cycle 

(Mullan and Williams, 1989). Fat and protein mobilized can vary considerably (Mullan and Williams, 

1990) and this is influenced by the diet. The energy density of sow's diet can be increased by adding 

fat, oil or carbohydrate to the diets. Many workers showed that the addition of fat to poultry diets 

improved feed efficiency more than expected from the increased metabolizable energy (Vermeersch 
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and Vanschoubroeck, 1968; Jensen et al., 1970). This effect has been referred to an "extracaloric" 

effect of fat. Several studies have shown that the addition of fat to sow diets during late gestation 

and/or lactation may increase the concentration of fat in colostrum and milk (Pettigrew, 1981; Britt, 

1986). In some experiments in literature the milk production of sows was also increased (Pettigrew, 

1981; Coffey et al., 1982). Other investigations, however, have shown that the addition of fat does 

not improve lactational performance of sows fed a low level of energy intake in comparison with 

other forms of energy in isocaloric diets e.g. cornstarch (Nelssen et al., 1985). In most studies the 

performance of sows and piglets and the composition of milk have been measured. However, only 

limited information is available on the energy metabolism of lactating sows when fed different levels 

of dietary fat. 

Therefore, two experiments were conducted with primiparous sows to determine the effects of 

different dietary fat levels in the lactation diet on the energy- and nitrogen balances and on the 

efficiency of milk production. 

Materials and Methods 

Experiment l\Exp.l\ 

Animals. A total of 32 first litter PIC (Pig Improvement Company, England) hybrid sows were 

assigned to four batches of 8 animals each. One animal had to be removed from the experiment at day 

14 of lactation. 

Experimental Design and Diets. In two basal diets the major difference in energy sources were tapioca 

starch (low-fat diet: Tst) or animal fat (moderate-fat diet: A). The animal fat was slaughtering waste, 

packing house by-product (Nederlandse Thermo-Chemische Fabrieken, The Netherlands). Both basal 

diets contained low levels of vitamin E [vit. E], [L] (13 and 16 mg of a-tocopherol per kg feed).In 

high level diets [H], these were supplemented with DL-a-tocopheryl acetate to levels of vit. E of 117 

and 135 mg a-tocopherol per kg feed respectively (average analysed values, Table 1). The animals in 

batches 1 and 4 were fed diets LTst or LA those in batches 2 and 3 diets HTst or HA. In each batch 

four animals were fed the same dietary composition. 

Feeding and Housing. During pregnancy gilts were fed 22 MJ NE/day (2.4 kg feed/day) of a diet 

contained 15 mg of vit. E/kg feed. This energy intake level of about 1.2 times of maintenance is in 

accordance with recommendation of ARC (1981). This level was also chosen to prevent low feed 

intake during lactation. The experiment started after farrowing and lasted until weaning after 4 weeks 

of lactation. Sows received the experimental diets during lactation from one day after farrowing 

onwards. During lactation each sow was fed a maintenance level of feed, assumed to be 1 % of body 

weight, plus 0.4 kg per piglet for lactation (Babinszky et al., 1990, unpublished data), thus we 
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Table 1. Experimental arrangements 

Exp.a_ 
Treatment (Code) 

Energy 
source 

in sows' diet 

In sows' diet 
(g/kg DM)b 

Starch Fat 

In sows' diet 
(mg/kg diet)c 

Vit.E 

1 

2 

Tapioca starch 
Tapioca starch 
Animal fat 
Animal fat 

Cornstarch 
Cornstarch 
Animal fat 
Animal fat 

(Tst) 
(Tst) 

(A) 
(A) 

(Cst) 
(Cst) 

(A) 
(A) 

396 
396 
286 
286 

418 
418 
266 
266 

43 
43 
75 
75 

37 
37 
125 
125 

13 low level (L) 
117 highlevel(H) 
16 low level (L) 

135 highlevel(H) 

21 low level (L) 
140 highlevel(H) 
24 low level (L) 

163 highlevel(H) 

a Experiment. 
b Average analysed values. 
c As a-tocopherol (analysed values). In exp.2 in animal fat group 0.868 kg diet contains a same 

amount of vit. E as 1 kg diet in starch group. 

standardized at same energy intake. The main composition of lactation diets is given in Table 2. Creep 

feed was not provided. Litter size after farrowing was standardized to 10 piglets in batch 1 and to 9 

piglets in batches 2, 3 and 4. On day 110 of gestation each gilt was moved to a farrowing barn and 

placed in a farrowing crate until day 13 of lactation. Between days 14 and 27 of lactation (until 

weaning) the 8 sows of each batch with their piglets were assigned to two climate-respiration 

chambers (80 ms each). Sows were housed individually in metabolic cages (4 sows on the same diet 

with their piglets per chamber). 

Energy- and Nitrogen Balance of Sows. Measurements of the energy- and nitrogen balance of sows 

were made in the respiration chambers. After 4 days of adaptation to the respiration chamber, energy 

balances [EB] and nitrogen balances [NB] of sows were determined from energy and N in feed, feces, 

urine and milk over a 7 day collection period, which was between days 18 and 25 of lactation. N 

balance was corrected for NH3 escaping in the air, for condensated water and for N content of dust 

on airfilter. During the 7 day balance period, two respiration measurements were made in 9 min 

intervals during periods of 48 h and 72 h, respectively. Heat production (sows plus piglets per 

chamber) was determined indirectly by measuring of the C0 2 produced and the 0 2 consumed 

(Verstegen et al. 1987). The heat production of sows [HP] was derived from the total heat production 

(sows plus piglets per chamber) by subtracting heat production of piglets. Heat production of piglets 

was calculated by assuming efficiencies for milk to piglet EB is 0.95 as found by Jordan (1971). Daily 
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Table 2. Major components of diets for Iactating 

Composition 
g/kg 

Hominy feed 
Corn 
Sunflower seed 
Soya bean meal, solv.extr. 
Soya bean, heat treated 
Soya bean meal, toasted 
Barley 
Rapeseed meal 
Sunflower meal 
Wheat middlings 
Peas 
Tapioca meal 
Corn starch 
Animal fat 
Vitamin-mineral premixc 

Other components'1 

Nutrient content 
as analysed (g/kg DM) 
Crude protein 
Crude fat 
Starch 

as calculated 
Netto energy for swine', 

MJ/kg DM 
Digestible lysine', 

g/kg DM 

sows (Exp.l and 2) 

Experiment 1 

Diet l a 

77 
103 
85 
80 
68 
-
-
-
-
-

65 
386 

-
-
7.5 

128.5 

188 
43 

396 

10.0 

7.44 

Diet 2b 

150 
30 
36 

125 
29 
-
-
-
-
-

58 
196 

-
37 
7.5 

331.5 

193 
75 

286 

10.0 

7.44 

Experiment 2 

Diet l a 

_ 
-
-

97 
-

48 
56 
30 

150 
42 
-

266 
200 

10 
5.0 

96.0 

194 
37 

418 

10.1 

7.56 

Diet 2b 

_ 
-
-

112 
-

55 
65 
35 

173 
48 
-

306 
-

90 
5.8 

110.2 

217 
125 
266 

11.6 

8.70 

a ,b Both diets in both experiments contained low and high vitamin E level as stated in Table 1. In 
experiment 2 0.868 kg of Diet 2 contains the same amount of ingredients and nutrients apart 
from starch and fat content as 1 kg of Diet 1. 

c 1 kg basal premix contains in exp.l: DL-alpha-tocopheryl acetate 2000 mg, selenium 27 mg. See 
also Babinszky et al.(1992). 
In exp.2: DL-alpha-tocopheryl acetate 2400 mg, selenium 20 mg. See also Babinszky et al.(1991). 

d Exp.l: Details of other components have been reported by Babinszky et al. (1992). Exp.2: alfalfa 
meal, cane molasses, meat meal tankage, DL-methionine, DL-lysine, monocalcium phosphate, 
salt. 

e According to the Rostock net energy system: Centraal Veevoederbureau (CVB,1988). 
f Faecal digestibility (CVB, 1988). 

maintenance requirement of piglets was assumed as 450 kj/kg0,75 according to Verstegen et al.(1985). 

For the statistical analysis one average value of daily HP or EB per chamber (kJ/W075) was used. 

Calorimeter conditions throughout the experiment were maintained at 18 °C air temperature and 65% 
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relative humidity. The light regimes in chambers were 12 hrs L (light) - 12 hrs D (dark). Light was 

on from 0700 until 1900. Heat lamps were used for piglets and placed at about 60 cm above the floor 

in each crate in the farrowing barn and also in respiration chambers. 

Milk Production of Sows. Milk production of sows was measured by weighing piglets before and after 

various sucklings at days 16, 21 and 26 of lactation. The milk production of sows per suckling was 

obtained from 5 to 6 consecutive measurements at one-hour intervals on one measuring day. 

Multiplying by 24 gave the daily milk production, assuming 24 sucklings per day. It was found from 

peaks in heat production that piglets suckled about 24 times per day (Chapter 2). For the calculation 

of milk yield, corrections for weight loss of piglets due to metabolic rate, evaporations, urinations and 

defecations during suckling were applied (Babinszky et al., 1992). The total milk production of sows 

during the balance period was estimated from the mean daily milk production of the three 

measurement days. Multiplying by duration of the balance (7 days) resulted in the total milk yield 

during balance. 

Calculation of Daily Protein- and Fat Gain of Sows. The protein and fat gain of sows (g/d per sow) 

during the balance period were calculated by the following formulas: 

Protein gain: (NB x 6.25) x W075; 

Fat gain : ((EB-(protein gain x 23.85) / 39.75) x W075 

where: NB= daily nitrogen balance of sow (g N/kg°-7S); EB= daily energy balance of sow (kJ/kg075); 

W°-75= average metabolic weight of sow during balance; 23.85 kj/g and 39.75 kJ/g are respectively 

calorific values of protein and fat (Brouwer, 1965). 

Estimation of Daily Gain of Sows. The daily gain of sows during balance period was computed from 

protein and fat gain since only short period (7 days) are involved. The calculation was done as follows: 

Daily gain of sow (g)= (protein gain x 4)+(fat gain x 0.95) 

According to van Es and Boekholt (1987) the deposition of 1 g protein involves a weight gain of about 

4 g. However, a deposition of 1 g fat may result in a live weight change of only 0.90 - 0.95 g. 

Estimation of Efficiency of Milk Production of Sows from Feed. We assumed that energy source 

(dietary fat level) has a bigger effect on efficiency than on ME need for maintenance (MEm), because 

feeding level is about 4 times higher than maintenance requirement. Therefore, the efficiency of milk 

production from feed ME was calculated in the following way: 
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All ME intakes were corrected to a zero EB. This means that all milk production was to be related to 

ME intake and not from body stores. Calculations were made as follows: 

ForEB<0: MEC = ME - (1/0.80) x EB 

(0.80 was taken from Verstegen et al. (1985)) 

The factor of 0.80 reflects the assumption that 0.80 MJ of energy from the body is as effective in 

supporting milk production as is 1 MJ of dietary ME. 

ForEB>0: MEC = ME - (1/0.70) x EB 

(0.70 as efficiency of EB from ME was taken from Verstegen (1971)) 

where: MEC = ME intake corrected to zero EB; ME = daily ME intake (kJ/kg07S); EB = daily energy 

balance (kJ/kg075). 

In the literature varying values for MEm are being reported with different efficiencies. We assumed 

from literature a value of 420 kj ME/kg0,75 for the daily maintenance requirement. The efficiency 

of milk production was calculated in the following way in both experiments for all treatment groups: 

Effmp = LE / (MEC - MEm) 

where: Effmp= efficiency of milk production; LE = daily lactation energy (kJ/kg075); MEC= daily ME 

intake corrected to zero EB; MEm= daily maintenance requirement (420 kj ME /kg0 '76). 

For the statistical analysis of efficiency of milk production one mean value per chamber was used. 

Milk- and Feed Sampling. Milk samples were obtained from sows and from all functional teats of 

sows at day 14 of lactation and at weaning (27 day of lactation) using an injection of oxytocin 

according to the method described by Babinszky et al.(1991). Experimental diets were sampled for 

analysis of nutrient content two times each week. 

Weight and Back f at Thickness of Sows. Sows were weighed individually after farrowing, before and 

at the end of balance period and at weaning. The backfat thickness of sows was measured 

ultrasonically after farrowing and also at weaning. 

Feed, Milk, Feces and Urine Analysis. The nutrient content of diets (dry matter, crude protein, crude 

fat, starch) and the composition of milk (dry matter, protein, fat, and ash) was analysed as reported 

Babinszky et al. (1991, 1992). Lactose content of milk was calculated by subtracting fat, protein and 

ash from dry matter content. 
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In feces samples from sows, dry matter was measured according to ISO 6496 (1983). Nitrogen content 

of feces samples was measured by Kjeldahl method in fresh samples (ISO 5983, 1979). In urine 

samples from sows nitrogen content was measured in fresh samples according to ISO 5983 (1979). 

Gross energy content of feed, feces and urine samples was measured by bomb calorimetry (IKA C 

700 T; IKA-Werk, Staufen, Germany). Energy content of milk was calculated on the basis of fat, 

protein and lactose content in samples according to the formula of Klaver et al. (1981). In 12 samples 

per experiment the energy content was measured both by bomb calorimetry (IKA C 700 T) and 

calculated also according to Klaver et al.(1981). We found a very high correlation between calculated 

and measured values of energy content in milk (R2= 0.98 in exp.l and 0.99 in exp.2). 

Alpha-tocopherol content in feed was analysed by the high performance liquid chromatography 

(HPLC) method (Hoffmann-La Roche Laboratory, Basle, Switzerland) as described by Manz and 

Philipp (1981). 

Experiment HExp.2] 

Animals. A total of 32 first litter PIC hybrid sows were used in four subsequent batches of 8 animals 

each. 

Experimental Design and Diets. In this experiment two basal diets (low and high fat content diets) 

were used. In low fat content diet energy source was mainly cornstarch [Cst]. In high fat content diet 

Cst (200 g/kg) was substituted for animal fat [A]. The animal fat was the same product as described 

in exp.l. Both basal diets contained low levels of vit. E [L] (21 and 24 mg of a-tocopherol /kg feed) 

and these diets were supplemented with DL-a-tocopheryl acetate to high level of vit. E [H] (140 and 

163 mg of a-tocopherol / kg diet, Table l).The main components of basal diets can be seen in Table 

2. The diet with high fat was not diluted with extra crude fibre or otherwise. Therefore in the high-

fat diet 0.868 kg contained the same amounts of nutrients apart from fat and starch content and also 

a similar amount of a-tocopherol as 1 kg of low-fat diet. The animals in batches 1 and 4 received 

diets LCst or LA and in batches 2 and 3 the diets were HCst or HA (Table 2). In each batch four 

animals were fed the same diet. 

Feeding. During pregnancy gilts were fed as described in experiment 1. The experiment started after 

farrowing and lasted until weaning (27 days of lactation). The sows received the experimental diets 

from one day after farrowing till weaning. Daily feed ration of sows in low fat group was calculated 

as in experiment 1. In the high fat group sows received 86.8 % of on this way calculated amount of 

diet to standardize on energy intake. Creep feed was not provided during suckling period. After 

parturition, the litters were standardized to 9 piglets in all batches. 
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Housing of Animals and Experimental Procedures. Housing of animals and experimental procedures 

were the same as in exp.l. Also, the measurement of EB, NB and milk production (on days 16 and 

26 of lactation), estimation of efficiency of milk production were identical. Moreover analyses of 

feed, milk, feces and urine samples were also identical to those in exp.l. 

Statistical Analysis. Data of both experiments were analysed in the following way: 

In each batch of sows the effect of dietary fat level has been tested directly since only one vit. E level 

was used in each batch. This means that a part of the variation between batches is also associated with 

dietary vit. E level. Therefore, we nested the batches within dietary vit. E level. In this way the 

dietary fat level can be tested correctly. We tested the vit. E effect against the batch variation within 

vit. E levels. Since in both experiments, no significant interaction between energy source and vit. E 

level was found the following model was used: 

Yijkl = M + A; + Bj + C(B)k(j) + eijkl 

where: Y y ^ dependent variable; /J= mean; A;= fat level in SOW'S diet (i=l, 2); BJ= vit. E in sow's 

diet (j=l, 2); C(B)k,j)= batch variation within vit. E levels (k(j) =1, 2, 3, 4); eykl= residual error. 

Analysis of variance was done by GLM procedure (SAS, 1990) for all variables in both experiments. 

Results and Discussion 

The results of both experiments are reported per fat level in the lactating sow's diet because no effect 

of vit. E was found. 

Live Weight and Back/at Thickness of Sows. Data on live weight change of sows during lactation are 

given in Table 3. Differences between treatment groups in both experiments with regard to live 

weight of sows post partum, at start and end of balance and at weaning were not significant. 

Cox et al. (1983) reported that sows fed a control diet (no additional fat) or 10% fat supplemented 

diets ad libitum lost weight during lactation on both diets. In the summer experiment no difference 

between control and treatment group were noticed. However, in the winter trial sows fed the fat-

supplemented diet, lost more weight (P < 0.05) than control animals. Schoenherr et al. (1989) 

concluded from their results, that sow weight change during a 22 day lactation period was not 

affected by diets containing starch or fat both in a thermoneutral (20 °C) or a hot (32 °C) 

environment. However, it should be noted that in these trials animals were allowed ad libitum 

consumption. In these investigations the fat-supplemented diets had a somewhat higher ME intake 

than the control diet. 




