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ABSTRACT 

Forty eight crossbred pigs (17.0 kg) were assigned to one of three dietary treatments in a 3 x 2 
factorial design experiment. The control diet was based on barley and soyabean meal while the two 
experimental diets contained 60% of either high or low viscosity rye. Pigs fed either of the rye-based 
diets had significantly higher (P<0.05) digestibility coefficients for dry matter and gross energy than 
did pigs fed barley. The digestibility coefficients for dry matter, crude protein and gross energy were 
numerically higher for pigs fed the low viscosity rye than the high viscosity rye (P>0.05). Pigs fed 
either of the rye-based diets consumed significantly less feed and gained weight at a slower rate than 
did pigs fed the barley-based diet. The pigs fed the low viscosity rye gained 8.7% faster and con­
sumed 9% more feed than pigs fed the high viscosity diet but these differences did not reach statis­
tical significance (P>0.05). The overall results indicate that selection to reduce the viscosity of rye 
only slightly improved the nutritive value of rye for pigs. The magnitude of the improvement indi­
cates that a substantial reduction in viscosity is necessary in order to observe a measurable diffe­
rence in pig performance. 
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INTRODUCTION 

Rye (Secale cereale) is not widely utilised as an energy source for swine. The 
classical explanation for this relates to its high ergot content (Friend and Macln-
tyre, 1970) resulting in relatively poor performance when pigs are fed rye-based 
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diets (Bowland, 1966; Friend and Maclntyre, 1969, 1970). While ergot is undoub-
tably toxic, research with poultry fed rye-based diets has shown that rye also con­
tains high levels of soluble pentosans which also reduce broiler performance. Pen­
tosans partially solubilize during digestion, resulting in a highly viscous intestinal 
fluid that interferes with digestion (Campbell et al., 1983; Fengler et al., 1988). 
The negative effects can be overcome, to a limited extent, by supplementation of 
the diet with xylanase (Pettersson and Aman, 1988; GrootWassink et al., 1989; 
Teitge et al., 1990). 

Enzyme supplementation has also been shown to improve the performance of 
pigs fed rye based diets (Thacker et al., 1991; Thacker and Baas, 1996) indicating 
that pentosans may also be a problem for swine. The degree of improvement is not 
as great as that seen with poultry and tends to be greater when diets were fed in a 
mash form rather than as a pellet (Thacker et al., 1991) 

Recently a breeding program has been undertaken at the University of Sas­
katchewan to reduce the viscosity of rye varieties which may extend the use of rye 
as a feed grain with or without enzyme supplementation. The objective of the 
following study was to compare the performance of pigs fed diets based on rye 
previously selected for high and low viscosity. Young growing pigs were chosen 
as the experimental model due to the greater sensitivity of an immature digestive 
system to soluble fibre. 

MATERIAL AND METHODS 

Plant breeding program 

In 1993, 224 single plants of the spring rye cultivar Gazelle (Sosulski and Cur-
ran, 1975) were harvested and analyzed for viscosity using a Brookfield viscome­
ter. Single seeds from each of the 25 plants with the highest viscosity and the 25 
plants with lowest viscosity were grown in separate isolation areas in a green house 
and the plants were allowed to open-pollinate with each other. Twelve seeds from 
each plant were taken and bulked to form a low viscosity and high viscosity bulk. 
These bulks were seeded in 1994 as spaced plants in isolation from each other as 
well as from other rye. Single plants were harvested, viscosity analyzed and seed 
from some of the highest and lowest viscosity plants was planted in the green­
house to provide a population of about 200 plants. A similar process of recurrent 
selection was repeated in 1995 and 1996. In 1997, remnant seed of the high and 
low viscosity selections grown in 1996 was thinly planted in isolated plots. Two 
hundred single plants were harvested for further selection. The remainder of the 
plot was harvested as a bulk. These two lots of seed were used to plant two half-
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acre plots in isolation from each other and from other rye in 1998. The seed from 
these increases was then used in the following feeding trial. 

Feeding trial 

Forty eight crossbred pigs (Camborough, Pig Improvement Canada Ltd, Acme 
Alberta) weighing an average of 17.0 ± 1.44 kg were assigned on the basis of sex, 
weight and litter to one of three dietary treatments in a 3 x 2 factorial (3 cereal 
grains x 2 sexes) design experiment. The control diet was based on barley and 
soyabean meal while the two experimental diets contained 60% of either high or 
low viscosity rye. Eight castrates and eight gilts were fed each diet. 

The experimental diets were formulated to supply 19% crude protein (Table 1) 

TABLE 1 
Formulation and chemical composition of diets containing either barley or high or low viscosity rye 

Barley High viscosity Low viscosity 
rye rye 

Diet formulation, % as fed 
Barley (9.93% CP) 67.90 14.89 15.45 
High viscosity rye (13.60% CP) - 60.00 
Low viscosity rye (15.72% CP) - - 60.00 
Soyabean meal (45.45% CP) 25.86 19.44 18.80 
Tallow 2.90 1.98 2.05 
Dicalcium phosphate 1.45 1.57 1.58 
Limestone 0.89 0.86 0.86 
Salt 0.50 0.50 0.50 
Vitamin-mineral premix1 0.50 0.50 0.50 
Lysine HC1 - 0.12 0.12 
Methionine - 0.04 0.04 
Threonine - 0.10 0.10 

Chemical composition, % as fed 
Moisture 11.39 11.52 11.16 
Crude protein 18.80 19.09 18.81 
Ash 5.49 5.05 5.10 
Ether extract 4.86 3.56 3.85 
Acid detergent fibre 6.47 4.10 4.60 
Gross energy, kcal/kg 4060 3968 4018 
Digestible energy, kcal/kg 3105 3139 3249 
Diet viscosity, cP 5.43 18.70 4.24 

1 supplied per kilogram of diet: 8250 IU vitamin A; 825 IU vitamin D3; 40 IU vitamin E; 4 mg 
vitamin K; 1 mg thiamin; 5 mg riboflavin; 35 mg niacin; 15 mg pantothenic acid; 2 mg folic acid; 
12.5 mg vitamin B 1 2 ; 0.2 mg biotin; 80 mg iron: 25 mg manganese; 100 mg zinc; 50 mg Cu; 0.5 mg 
I ; 0.1 mg selenium 
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with the rye based diets supplemented with synthetic lysine, methionine and thre­
onine to provide a similar balance of amino acids as the barley-based diet. Al l 
diets were supplemented with sufficient vitamins and minerals to meet or exceed 
the levels recommended by the National Research Council (1998). The diets were 
fed in meal form. The trial was run for 28 days and concluded when the pigs 
reached an average weight of 33.7 kg. 

The pigs were housed in groups of four in 2.7 x 3.6 m concrete floored pens and 
were provided water ad libitum. The pens were equipped with four individual 
feeders. Each pig was allowed access to its own individual feeder for 30-min twice 
daily (07:00 and 15:00 h). 

Individual body weights, feed consumptions and feed efficiencies were recor­
ded weekly. Pigs were assigned to feeders in such a way as to minimize the poten­
tial for treatment effects to be confounded with environmental effects. 

Digestibility trial 

Total tract digestibility coefficients for dry matter, crude protein and gross 
energy were determined using three castrates and three gilts per treatment starting 
at an average weight of 28 kg. The pigs were housed under identical conditions as 
those used in the growth trial and were fed the same diets as those used during the 
growing stage modified only by the addition of 5 g kg"1 chromic oxide as a digesti­
bility marker. The marked feed was provided for a seven day acclimatization peri­
od, followed by a three day faecal collection. Faecal collections were made by 
bringing animals into a clean room immediately after feeding and recovering freshly 
voided faeces. The faecal samples were frozen for storage. Prior to analysis, the 
samples were dried in a forced air oven dryer at 66°C for 60 h, followed by fine 
grinding (0.5-mm screen). 

Chemical analysis 

Analysis of samples for dry matter, crude protein, acid detergent fibre, ash and 
ether extract were conducted according to the methods of the Association of Offi­
cial Analytical Chemists (1990). An adiabatic oxygen bomb calorimeter was used 
to determine gross energy content. Chromic oxide was determined by the method 
of Fenton and Fenton (1979). 

Diet viscosity was determined following the method of Scoles et al. (1993). 
A 0.3 g sample of diet was mixed with 900 uL of 0.1 M sodium acetate buffer 
(pH 5.0) and incubated 30 min at 40°C. The slurries were centrifuged (5.0 min at 
12,000 x g), the supernatant decanted and viscosity (centipose) read using a Brook-
field cone-plate viscometer (Model LVTDCP-11, Brookfield Engineering Labora­
tories Inc., Stoughton, MA) maintained at 25°C (12 rpm; Sheer rate 90 s"1). 
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Statistical analysis 

Both the pig performance and the digestibility data were analyzed as a 3 x 2 
factorial using the General Linear Models procedure of the Statistical Analysis 
System Institute, Inc. (SAS 1985) with the factors in the model consisting of treat­
ment, sex and their interaction. Means were compared using Duncan's New Mul­
tiple-Range Test (Steel and Torrie, 1980). Individual feeding of animals and the 
distribution of treatments across pens allowed pig to be used as the replicate rather 
than pen. 

RESULTS 

The results of the chemical analysis conducted on the feeds is presented in 
Table 1. The barley-based diet had a slightly lower ash and ether extract content 
than the rye-based diets while the acid detergent fibre content of the rye-based diet 
was lower than that of the barley based diet. The high viscosity rye diet had a 
viscosity of 18.7 cP compared with 4.24 cP for the low viscosity rye. This value 
was lower than the 5.43 cP viscosity determined for the barley based diet. 

Digestibility coefficients for dry matter, crude protein and gross energy are 
presented in Table 2. Pigs fed either of the rye-based diets had significantly higher 
(P = 0.001) digestibility coefficients for dry matter and gross energy than did pigs 
fed barley. The digestibility coefficients for crude protein was significantly higher 
for pigs fed the high viscosity rye-based diet than for pigs fed the high viscosity 
rye or the barley based diet (P = 0.001). There were no differences in digestibility 
coefficients when measured in gilts or castrates. 

Pigs fed either of the rye-based diets consumed significantly less feed and gained 
weight at a slower rate than did pigs fed the barley-based diet (Table 2). The pigs 
fed the low viscosity rye gained 8.7% faster and consumed 9% more feed than 
pigs fed the high viscosity rye diet but these differences did not reach statistical 
significance (P>0.05). Castrates had a significantly higher (PO.05) feed conver­
sion than gilts while gain and feed intake did not differ due to the sex of the pig. 

DISCUSSION 

Pigs fed the rye-based diets had higher digestiblity coefficients for dry matter 
and gross energy relecting the lower fibre content of rye than barley. As such, 
these results agree with our previous findings (Thacker et a l , 1991, 1992) and 
those of others (Friend and Maclntyre, 1969; Savage et al., 1978). The increased 
nutrient digestibility did not directly correlate with improved growth rate, as pigs 



TABLE 2 
Digestibility coefficients for pigs fed diets based on either barley or high or low viscosity rye 

Digestibility Barley High Low SEM1 Castrate Gilts SEM Probability 
coefficients, % viscosity viscosity Treat Sex SxT 

rye rye 

Dry matter 77.403 81.16b 82.16b 0.50 80.48 80.00 0.42 0.001 0.437 0.696 
Crude protein 77.803 77.26a 80.54b 0.89 78.61 78.46 0.72 0.049 0.886 0.651 
Gross energy 76.49a 79.12b 80.86b 0.65 79.16 78.49 0.53 0.002 0.394 0.673 
1 Standard Error of the Mean 

within main effect, means followed by different letters are si, gnificantly different at the P values indicated 

TABLE 3 
Performance of growing pigs (17-33 kg) fed diets based on either barley or high or low viscosity rye 

Indices Barley High Low SEM1 Castrate Gilts SEM Probability 
viscosity viscosity Treat Sex SxT 

rye rye 

Daily gain, kg 0.69a 0.52b 0.57b 0.02 0.61 0.57 0.01 0.001 0.156 0.240 
Daily feed intake, k\ I 1.27a 1.00b 1.10b 0.03 1.13 1.11 0.02 0.001 0.695 0.323 
Feed conversion 1.84 1.94 1.94 0.04 1.86a 1.96b 0.02 0.122 0.034 0.613 
1 Standard Error of the Mean 

within main effect, means followed by different letters are significantly different at the P values indicated 
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fed either of the rye-based diets gained weight significantly slower than did the 
pigs fed the barley-based diet. These findings agree with our previous work with 
older pigs (Thacker et al., 1991, 1992). 

The reduced growth rate for the pigs fed rye would appear to be due to the 
13-20% reduction in feed intake compared with pigs fed the barley-based diet. 
This is substantially greater than previously observed with older pigs and most 
likely reflects the greater sensitivity of the younger animal. The higher consump­
tion (P>0.05) for pigs fed the low viscosity as compared with the high viscosity 
rye is supportive of viscosity being a determining factor in feed consumption. The 
genetic selection to reduce viscosity of the rye grain resulted in a 4-fold reduction 
in viscosity for the low viscosity rye-based diet. The reduction in viscosity pro­
duced a significant improvement in protein digestibility compared with the high 
viscosity rye. Unfortunately, growth rate and feed conversion were only slightly 
increased for pigs fed the low viscosity rye compared with the high and these 
differences did not reach statistical significance. 

In conclusion, breeding efforts towards reducing the viscosity of rye were only 
modestly successful in improving the nutritive value of rye for pigs. Clearly, the 
viscosity of rye must be substantially below barley and probably equivalent to 
wheat, in order to completely eliminate the viscosity effect on pig performance. 
However, it may be anticipated that continued viscosity reduction may reduce 
restrictions relating to level of inclusion, feed treatment (mash vs pellets; Bazylo, 
1990), enzyme inclusion and/or age and species of animal to which rye is fed. 
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STRESZCZENIE 

Przyrosty i strawnosc skladnikow pokarmowych u prosiaj: zywionych dawk a mi zawieraj^cymi 
zyto selekcjonowane w kierunku obnizonej lepkosci 

Doswiadczenie, w ukladzie czynnikowym 3 x 2 , przeprowadzono na 48 prosietech mieszahcach 
(17,0 kg), podzielonych na 3 grupy. Podstawowymi paszami w dawce kontrolnej byl JQCzmieh i 
sruta sojowa, w dwoch doswiadczalnych 60% stanowilo zyto o wysokiej lub niskiej lepkosci. Wspol-
czynniki strawnosci suchej masy i energii brutto obydwoch dawek z zytem byly istotnie wiejcsze 
(P<0,05) niz dawki kontrolnej. Bialko dawki z zytem o niskiej lepkosci bylo lepiej trawione (P<0,05) 
niz dawki z zytem o wysokiej lepkosci. Prosieta zywione obydwiema dawkami z zytem zjadaly 
istotnie mniej paszy a przyrosty ich byly mniejsze niz zwierzaj: otrzymujacych dawk$ kontrolna^. 
Prosieta otrzymujace zyto o niskiej lepkosci przyrastafy lepiej o 8,7% i zjadaly o 9% wie^cej paszy 
niz zwierzQta zywione zytem o wysokiej lepkosci, lecz roznice te nie byfy statystycznie istotne 
(P>0,05). 

Otrzymane wyniki wskazuja ,̂ ze selekcja zyta w kierunku obnizenia lepkosci tylko nieznacznie 
poprawia wartosc pokarmowa^ tego ziarna dla swih, co wskazuje na koniecznosc istotnego obnize­
nia lepkosci ziarna dla uzyskania znaczaxych roznic w produkcyjnosc swih. 


