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The welfare of animals is quickly becoming an important area of concern for livestock 
producers. Public concern over the methods used to raise food-producing animals has increased, 
especially in the last ten years. These concerns are leading to voluntary and mandated changes 
in the methods used to produce food animals (Broom, 2003). The primary aim of these changes 
in production methods is to improve the welfare of farmed animals. 

Accurately determining the welfare of animals is difficult (Gonyou, 1986) and should 
employ a multifactorial approach (Alban et al., 2001 ). Factors such as animal health, immune 
system competence, housing, behavior, growth performance, reproduction, environmental 
conditions, and physiological characteristics should all be considered when assessing the welfare 
of an animal (Broom, 1991; Alban et al., 2001; Barnett et al., 2001). Hunger is an easy concept 
to understand but a difficult sensation to measure in animals. In general, most people intuitively 
assume that hunger and welfare are negatively correlated. Given the multi-factorial nature of 
animal welfare, the presence of hunger in an animal may not necessarily mean that welfare is 
compromised. Further research and advances in the assessment of animal welfare will shed new 
light on the relationship between hunger and welfare. 

Hunger can be measured directly by operant conditioning tests (Lawrence et al., 1989) 
and indirectly by expression of stereotypic behaviors and posture of the sow (Meunier-Salaun et 
al., 2001 ). While operant conditioning tests are likely the most accurate method of assessing 
hunger currently available, they are not amenable to production conditions and are not often 
conducted in applied studies. Consequently, stereotypic behaviors and sow posture will be used 
as indicators of hunger in the current discussion. Odberg (1978) defined stereotypic behaviors as 
those motions that are repeated regularly, serve no obvious function, and are apparently useless 
to the animal. Stereotypic behaviors can include, but are not limited too: bar biting, sham or 
vacuum chewing ( chewing motions which are not associated with feeding), and nosing or licking 
the floor or feeder when feed is not present. In addition to stereotypic behaviors, the proportion 
of time spent standing and/or active as opposed to lying is used to indicate hunger because sows 
do not appear satiated (Meunier-Salaun et al., 2001 ). 

We acknowledge that evaluating a complex physiological process such as feeding 
motivation by simplistic approaches may be misleading (Rushen, 2003). However, in production 
conditions, simplistic approaches are the only feasible tools available at this time. Increased 
incidence of stereotypic behaviors in sows is closely associated with restricted feeding levels 
common in commercial production (Lawrence and Terlouw, 1993; Brouns et al., 1994a) which 
supports the use of stereotypies as an indicator of hunger and feeding motivation. It appears that 
the level of feeding and associated satiation experienced by the sow is inversely related to the 
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time sows commit to stereotypic behaviors (Brouns et al., 1994a; Bergeron et al., 2000; Figure 
1). Interestingly, stereotypic behaviors can be expressed by restrictively-fed gilts housed 
individually or in groups (Lawrence and Terlouw, 1993), indicating the importance of feeding 
level to welfare of the animal. 

2.5 kg/d Ad libitum 

Feeding level 

I □ Stereotypies (2 h postfeeding) □ Lying (24 h) la Standing (24 h) I 

Figure 1. Effect of feeding level on sow behavior (Bergeron et al., 2000) 

APPROACHES TO AMELIORATE HUNGER AND STEREOTYPIC BEHAVIORS 

Higher Feeding Levels 

An obvious approach to ameliorate hunger and associated stereotypies is to offer 
pregnant sows a greater quantity of feed. Increased allotments of nutrient dense diets typically 
used in commercial production effectively satiate the sow and significantly decrease or eliminate 
expression of stereotypic behaviors (Figure 2). Unfortunately, this approach also supports 
excessive maternal weight gain during pregnancy, which suppresses feed intake during the 
subsequent lactation (Weldon et al., 1994; Sinclair et al., 2001) and compromises sow longevity 
(Dourmad et al., 1994). Furthermore, increased feeding of nutrient dense diets increases 
production costs and results in sows with a large body size that do not easily fit in existing 
accommodations (Anil et al., 2002; Gonyou, 2005). Practically speaking, this approach alone 
will not be implemented to alleviate hunger in gestating sows. 
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Figure 2. Effect of feeding level on repetitive behaviors 
of pregnant gilts (Appleby and Lawrence, 1987) 

Realizing that an increase in feed intake plays an important role in decreasing stereotypic 
behaviors, many researchers have focused on providing a diet with relatively low nutrient density 
and low bulk density. Consequently, low nutrient density diets can be fed to sows at relatively 
higher levels without excessive gains in sow body weight. Typically, low density diets contain a 
high proportion of fibrous feed ingredients. Examples of fibrous feed ingredients commonly 
used to dilute nutrient density of diets include: sugar beet pulp, soybean hulls, wheat bran, oat 
hulls, alfalfa meal, alfalfa hay, and wheat straw. One must carefully choose the fibrous 
ingredient for use in sow diets because they differ dramatically in nutrient composition and 
digestibility. 

Feed High-fiber Diets 

Inclusion of fibrous feed ingredients in the diet of gestating sows does not necessarily 
depress nutrient digestibility. In vivo digestibility of fibrous feed ingredients is usually 
determined in young growing pigs. However, it is clear that sows have a greater capacity to 
extract energy from fibrous feedstuffs compared with growing pigs (Noblet and LeGoff, 2001). 
So, one must carefully extrapolate digestibility data determined in growing pigs to sows using 
regression equations or by predicting energy content of feeds from chemical analysis (Noblet and 
LeGoff, 2001 ). Generally, the nutritional value of ingredients with high levels of soluble fiber is 
greater than ingredients with elevated levels of insoluble fiber because soluble fiber is more 
completely fermented in the gastrointestinal tract of sows (Noblet and LeGoff, 2001). 

Recently, Renteria-Flores (2003) fed pregnant sows diets that contained high levels of 
soluble, insoluble, or the combination of soluble and insoluble fiber. The diet high in soluble 
fiber from oat bran was superior in energy digestibility and similar in nitrogen digestibility 
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compared to the low fiber control diet (Table 1 ). High levels of insoluble fiber from wheat straw 
depressed digestibility of energy and nitrogen while addition of high levels of both soluble and 
insoluble fiber from sugar beet pulp depressed nitrogen but not energy digestibility. Similarly, 
Rijnen et al. (2001) reported that group-housed sows were able to utilize energy from sugar beet 
pulp silage, which is high in soluble fiber, as efficiently as energy from starch. An important . 
observation is that diets containing very high levels of fibrous feed ingredients can be just as 
digestible as high starch diets for gestating sows. The degree of digestibility is dependent on the 
character of fiber. 

Table 1. Effect of fiber source on energy and N digestibility of diets fed to pregnant sowsa 
Item Control6 Oat branc Wheat strawa Beet pulpe 
Feed intake, g/d 1826Y 1870xy 1961 v 1915vx 
Sow wt. gain, g/d 315 302 313 334 
Fecal DM output, g/d 180Y 175.3Y 346.2v 207.9x 
Urine output, g/d 5707 7700 4754 7006 
App. Energy digestibility,% 87.9x 89.3v 82.72 86.8Y 
App. N digestibility, % 86.1 v 86.2v 82.8x 82.8x 
aRenteria Flores, 2003. 
bCom-soybean meal - 1.2% soluble fiber, 7. 7% insoluble fiber 
c34% oat bran - 3.2 % soluble fiber, 8.9% insoluble fiber 
d12% wheat straw- 1.5 % soluble fiber, 15.4 % insoluble fiber 
e16% sugar beet pulp - 3.2 % soluble fiber, 15.3 % insoluble fiber 
vxyzMeans within a row with different superscripts differ, P < .01. 

A logical approach to controlling stereotypic behaviors and excessive body weight gains 
during pregnancy is to provide sows with ad libitum access to a high-fiber diet. Ad libitum 
feeding does control stereotypic behaviors (Bergeron et al., 2000). Unfortunately, controlling 
sow weight gain with ad lib feeding of high-fiber diets is difficult. Brouns et al. (1995) provided 
pregnant sows with ad libitum access to one of six high-fiber diets during a 3-week experiment. 
Diets contained 65 % sugar beet pulp, 35.7 % barley straw, 36.9 % oat hulls, 45.5 % malt culms, 
61.3 % rice bran, or 66.9 % wheat bran. Of the six fibrous feed ingredients studied, only sugar 
beet pulp effectively controlled daily energy intake and body weight gains (Table 2). All other 
ingredients resulted in excessive energy intake and excessive gains in body condition. Similarly, 
Smits and Morley (2001) compared ad libitum feeding of diets containing 80% wheat midds, 
28% alfalfa meal, 23% rice pollard, or 18% lupins to a restricted-fed wheat-barley-canola meal 
diet for gestating sows over the last 12 weeks of pregnancy. Sows allowed ad lib access to diets 
gained 3 to 4 times more body weight than restricted-fed control sows and suffered a 20 to 25% 
reduction in voluntary feed intake during the subsequent lactation. However, litter performance 
was unaffected by gestation feeding regimen. These authors raised concerns that the mature size 
of gestating sows allowed ad libitum access to high-fiber diets over successive parities would be 
too large to fit in existing sow stalls. 
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Table 2. Voluntary feed intake and body condition changes of gestating sows provided ad 
libitum access to high-fiber diets for three weeksa 

Malt Rice Wheat 
Trait Beet :eul:e Barler straw Oat hulls culms bran bran 
Feed intake, kg/d 2.3 6.4 7.7 6.8 7.6 7.1 
DE intake, Mcal/d 5.9 13.6 18.9 16.7 16.9 17.4 
BW change, kg 2.2 41.8 47.7 46.7 40.8 39.2 
Backfat change, mm -3.5 0.5 1.3 1.0 2.7 3.2 
aBrouns et al., 1995. 

Few studies have compared the effects of different fiber sources on the stereotypic 
behavior of sows. Consequently, definitive recommendations on the best fiber source to 
eliminate behavioral vices are difficult. A diet containing 50% sugar beet pulp was more 
effective in reducing stereotypic behaviors and aggression in gilts than a diet containing 50% of 
mixed fiber sources (grass meal, wheat bran, oat hulls; Figure 3). Both high-fiber diets increased 
time spent eating, and resting while they reduced time spent standing (Figure 4). These behavior 
patterns all suggest improved satiation of the sows (Danielsen and V estergaard, 2001). Inclusion 
of high levels of sugar beet pulp (35-50%) seems to provide a consistent reduction in stereotypic 
behaviors and increases satiety of sows (Brouns et al., 1994a; Danielsen and Vestergaard, 2001 , 
van der Peet-Schwering et al., 2003). However, McGlone and Fullwood (2001) reported no 
effect of sugar beet pulp on occurrence of stereotypic behaviors. The lack of significant effects 
on stereotypic behaviors in this study may be due to the relatively low level (25%) of sugar beet 
pulp included in the diet. 
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Figure 3. Effect of dietary fiber source on stereotypic behaviors and aggression 
in pregnant gilts (Danielsen and Vestergaard, 2001) 
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Figure 4. Effect of dietary fiber source on gilt behavior 
(Danielsen and Vestergaard, 2001) 

In most studies that demonstrate a significant effect of dietary fiber on stereotypic 
behaviors and satiety, fibrous ingredients were included at very high levels (35 - 80%; Table 3). 
These high inclusion rates for fibrous ingredients significantly decreases bulk density of feed 
which creates nearly insurmountable problems with conveyance of mash feed through augers and 
storage bins and difficulty in thoroughly mixing diets. Very high inclusion rates for fibrous 
ingredients make it difficult to produce high quality pellets for pelletized feed. 

Table 3. Level of fibrous in redients used to reduce stereo ic behaviors in sows 

A 
B 
C 
C 
D 
D 

Fiber source 
SBP 

SBP:WS:SH 
SBP 

OH:WB:Grass 
OH:AM:WB 
OH:AM:WB 

Fibrous ingred., % 
50 
58 
50 
50 
89 
63 

Stereotypie decline, % 
53 
36 
60 
19 
64 
40 

aA: Brouns et al., 1994; B: van der Peet-Schwering et al., 2003; C: Danielsen and Vestergaard, 
2001; D: Bergeron et al., 2000 
bSBP = sugar beet pulp; WS = wheat straw; SH= soy hulls; WB = wheat bran; AM = alfalfa 
meal; OH= oat hulls 

These handling problems make many diets proven to be effective in modifying sow 
behavior impractical for commercial production. Holt et al. (2006) addressed this practical 
problem by formulating a high-fiber, mash diet based on com,. soybean meal, and 40% soybean 
hulls, which readily flowed through commercial feed delivery systems. Sows receiving the high
fiber diet were allotted 20% more feed (2.42 vs. 2.03 kg/day) than control sows each day in an 
attempt to compensate for the energy diluting effects of soybean hulls. The high-fiber diet had 
no effect on reducing the occurrence of stereotypic feeding behaviors in sows during 3 hours 
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around feeding time (Figure 5). We studied sows that were in their second or greater pregnancy 
and experienced at least one gestation period housed individually in stalls. These sows may have 
been unresponsive to effects of dietary fiber because their feeding behaviors were already 
sensitized by previous housing in stalls. These older sows may have developed a consistent 
repertoire of behaviors, including stereotypic behaviors, that were elicited by feeding. 
Consequently, regardless of diet composition, sows expressed these behaviors as a result of 
feeding. Lawrence and Terlouw (1993) referred to this phenomenon a "channelling" of 
behaviors. Similarly, van der Peet-Schwering et al. (2003) noted that stereotypic behaviors 
increase as sows age and that high-fiber diets are less effective in reducing stereotypies in older 
sows. In our experiment (Holt et al., 2006), we found that sows fed the high-fiber diet may have 
received insufficient energy intake to satisfy their reproductive and behavioral needs. These 
sows gained 10% less weight during gestation than control sows. Even though fiber-fed sows 
did not gain as much weight as desired, they farrowed and nursed normal sized litters. High 
dietary fiber seems effective in reducing stereotypic behaviors only when the sow's nutrient 
needs for reproduction are met (Robert et al., 1993). Our data would support the concept that 
there is one level of nutrient/feed intake to support acceptable biological performance and a 
higher level required for improved sow welfare. 
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Figure 5. Effect of a high-fiber diet on stereotypic behavior of gestating sows 
during 3 hours around feeding time (Holt et al., 2006) 

The consistently positive effects of sugar beet pulp on sow behavior may relate to the 
character of fiber present. Sugar beet pulp is high in soluble fiber which is highly fermented by 
sows. Fermentation of dietary fiber increases the production of short chain fatty acids (SCFA; 
Bach Knudsen and Jorgensen, 2001) which are readily absorbed through the intestinal wall into 
blood. These SCFA's are available as an energy source during the interprandial period when 
glucose supply from the gut is diminishing. Because fermentation of dietary fiber requires more 
time relative to starch digestion, the SCFA's are available for a sustained period oftime after 
each meal. De Leeuw et al. (2004) demonstrated that a diet containing 45% sugar beet pulp 
improved the stability of plasma glucose and insulin in sows during the interprandial period from 
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3 to 12 hours after a meal compared to sows fed a starch-based diet (Table 4). Improved stability 
of plasma glucose and insulin levels was associated with a significant decline in postural changes 
of sows during the period from 5 to 12 hours after a meal. Decreased postural changes 
presumably indicate that sows are more content and less restless. In a later study, De Leeuw et 
al. (2005) demonstrated that fermentation of dietary fiber in the hindgut is more important tha,n 
the increased gut fill associated with high-fiber diets in improving stability of plasma glucose 
and insulin. Similarly, Brouns et al. (1994b) observed decreased peak postprandial 
concentrations of glucose and insulin and a prolonged elevation of serum insulin in pigs fed a 
diet high in sugar beet pulp. These data suggest that fermentable fibers are more effective in 
improving the welfare of gestating sows compared with non-fermentable fiber sources. 

Table 4. Postprandial glucose and insulin stability in plasma of sows fed diets low or high in 
fermentable fibera 
Trait Low fiber High fiber 

2.71 
1.26 

P-value 
Glucose: 

SAD total, mmol/L b 
SAD 3 to 12 h, mmol/L c 

Insulin: 
SAD total, pmol/L 
SAD 3 to 12 h, pmol/L 

aDe Leeuw et al., 2004 

6.33 
3.07 

365.1 
123.6 

149.5 
43.8 

bSum of absolute differences between levels in consecutive blood samples collected. 
cSAD after the post-prandial peak (3 to 12 h after a meal). 

0.05 
0.05 

0.008 
0.04 

The scientific literature is clear that specific formulations of high-fiber diets can decrease 
stereotypic behavior of gestating sows. These diets should contain at least 30% NDF (Meunier
Salaun et al., 2001), contain high levels of fermentable fiber, and be fed at levels to ensure 
nutrient requirements for reproduction are satisfied. Feeding diets in mash form should 
maximize opportunity for a positive effect. 

Other Approaches to Decrease Stereotypies 

Feeding management practices may influence expression of stereotypic behaviors. We 
theorized that offering sows 2 meals per day instead of one might provide more feeding 
opportunities for sows throughout the day which would decrease their need to exhibit stereotypic 
behaviors. However, Holt et al. (2006) found that total time sows expressed stereotypic 
behaviors each day actually increased when the daily feed was divided in 2 meals compared to a 
single daily meal (Figure 6). Channelling of feeding-associated behaviors may explain why 
twice daily feeding was not beneficial. So, frequent feeding, regardless of the fiber content of 
the diet, is not likely to decrease the occurrence of stereotypic behaviors in sows that already 
display these abnormal behaviors. However, more frequent feeding may effectively reduce the 
development of stereotypic behaviors in young sows. 
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Figure 6. Duration of stereotypic behaviors expressed by sows around 
feeding when fed once or twice daily (Holt et al. , 2006) 

Feeding motivation is the product of internal physiological cues and external stimuli 
(Lawrence and Terlouw, 1993). Consequently, one may be able to enhance satiation of the sow 
and decrease the occurrence of stereotypic behaviors with a combination of high-fiber diets and 
some specific metabolic modifier. Brouns et al. (1994b) reported diets high in fermentable fiber 
from sugar beet pulp blunted the postprandial response in insulin and glucose and increased 
circulating levels of short chain fatty acids. Presumably, these metabolic changes were present 
in sows that exhibited an enhanced level of satiety after consuming high-fiber meals. Possibly, 
some intermediary metabolite normally responsible for control of feed intake could be 
manipulated by diet composition to mimic conditions of a large meal. If so, sows could receive 
limited amounts of a diet moderately high in fiber and achieve the same level of satiation as sows 
fed large quantities of diets very high in fiber. This approach, if successful, would minimize the 
practical problems of very high fiber diets while achieving the reduction in stereotypic behaviors 
realized when feeding diets very high in fiber. 

TAKE HOME MESSAGE 

There are proven methods of controlling the hunger and associated stereotypic behaviors 
in pregnant sows. However, these methods have important limitations, which prevent them from 
being rapidly adapted to commercial production systems. More detailed research into the 
mechanisms responsible for the decline in stereotypic behaviors caused by high-fiber diets will 
provide solutions to these practical challenges. In the interim, sows should receive diets that 
contain over 30% NDF, and contain ingredients with high concentrations of fermentable fiber if 
a goal is to minimize expression of stereotypic behaviors. The beneficial effects of high-fiber 
diets will only be realized if the sow' s nutrient requirements for maintenance, growth and 
reproduction are met. Feeding diets in meal rather than pelleted form may be more effective in 
reducing stereotypies realizing that feed handling problems are magnified. 
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