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ABSTRACT 
Broiler chickens were fed diets based on four hybrids of rye varying in viscosity of grain water 

extract (WEV). These diets were prepared with or without arabinoxylan degrading enzymes to study 
the effect of grain viscosity and xylanase and arabinosidase supplementation on growth rate and 
feed efficiency, metabolisable energy (AMEn), apparent retention of protein (APR) and digestibility 
of arabinoxylans in young broiler chickens. A wheat-based diet was used as a control. Elimination 
of the detrimental effect of soluble arabinoxylans (SAX) by the addition of both enzymes signifi­
cantly improved the feed intake, weight gain and feed to gain ratio, on average by 30, 57, and 2 1 % , 
respectively, as compared with the results of birds fed the corresponding unsupplemented diets. 
These improvements were achieved as a result of improvement in AMEn, APR, and digestibility of 
soluble and total arabinoxylans by 5, 8,45 and 34%, respectively. In general, the poorer the nutritive 
value of the tested rye, the greater the benefit following enzyme supplementation. The results of this 
study showed that it is possible to improve the nutritive value of rye for broiler chickens by selection 
and breeding of rye varieties with a lower WEV and SAX content together with the appropriate 
choice of feed enzymes that can hydrolyse and thus lower the viscosity of gut digesta and increase 
retention of nutrients. 
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INTRODUCTION 

Rye is rich in soluble arabinoxylans that are highly viscous and have signifi­
cant water holding properties. Since high viscosity of arabinoxylans affects the 
digestion and absorption of all nutrients, rye is not habitually used as a cereal 
component in broiler diets. The beneficial effect of pentosanase (xylanase) addi­
tion on growth rate and feed efficiency of broiler chickens fed diets containing rye 
is well documented. However, the performance of chickens fed xylanase-supple-
mented rye-based diets is still not satisfactory as compared with chickens fed cor­
responding wheat- or barley-enzyme-supplemented diets (Bedford et al., 1991, 
1995; Friesen et a l , 1991; Boros et al., 1995). These results might suggest that 
the enzymes used in these studies were not able to sufficiently hydrolyse the arabi­
noxylans in rye and eliminate their viscosity and associated capacity to absorb 
water. It is worth mentioning that perhaps the arabinose side chains in rye are more 
apparent than in wheat and thus responsible for reducing the efficacy of xylanase, 
which may explain why xylanase addition has not allowed rye to compete with 
wheat. Additionally, this also indicates that in the case of a rye diet a broader 
spectrum of exogenous enzymes, possibly including arabinofuranosidases, is needed 
to alleviate the detrimental effect of rye arabinoxylans. 

Moreover, genotype and environment have been shown to influence the concen­
tration and quality of arabinoxylans in rye and also the efficacy of the pentosanases 
used (Madej et al., 1990; Campbell et al., 1991; Bengtsson et al., 1992). It has also 
recently been found that WEV correlated significantly with the growth and perfor­
mance of young broilers fed rye diets (Boros et al., 1997). Rye hybrids selected for a 
lower WEV and SAX content showed a high nutritive value for broilers, similar to 
the nutritive value of wheat (Boros, 1998). Thus, it seems that a selection and bree­
ding program directed towards lower viscosity of grain water extract and subsequent 
better nutritive quality, together with the selection of appropriate feed enzymes pos­
sessing not only exo- and endoxylanase but also arabinofuranosidase activities may 
considerably increase the utilisation of rye in poultry nutrition. 

The purpose of the study was to determine the effect of xylanase and arabinosi-
dase supplementation of diets containing four rye hybrids varying in WEV on 
growth performance and metabolisable energy values in young broiler chickens. 
The apparent retention of protein and digestibility of arabinoxylans from rye hy­
brid based diets were also determined. 

MATERIAL AND METHODS 
Cereals 

Four rye hybrids (three-way crosses) varying in WEV were selected for this study. 
Wheat, var. Almari was used as a control. All cereal grains represented winter forms 
and were grown under similar soil-climate conditions in Radzikow (Poland). 
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Diets and growth trial 

The growth trial in a 4 x 2 factorial design (4 rye varieties x 2 enzymes) was 
carried out on 72 one-week-old cockerels (ISA 215) with an average initial weight 
of 84.3±4.6 g, kept in individual cages. Each group had eight replicates with one 
bird per replicate. The diets were formulated to meet the requirements of broiler 
chickens (Table 1). The rye diets were supplemented with lg/kg of commercial 
xylanase preparation, which contained ground wheat as a carrier and 0.2 ml/kg 
of arabinosidase in a liquid form. The experimental diets were prepared as a 
mash and fed to the birds for a period of 7 days. Birds had free access to feed and 
water during the experiment and were exposed to constant light. Each time be­
fore weighing chickens were fasted for 4 h. Excreta samples were collected quan­
titatively over a 72 h period during 4-7 days of the experiment for determination 
of apparent metabolisable energy (AMEn) and apparent protein retention (APR) 
(Hill et al., 1960), then were pooled for evaluation of arabinoxylan digestibility. 
The AME of the cereals was calculated from the AME of the diets assuming an 
additive model for the diet ingredients. The following growth performance crite­
ria were evaluated: feed intake, body weight gain (BWG) and feed to gain ratio 
(FCR). 

TABLE 1 
Composition of experimental diets, g/kg 

Ingredient 
Wheat 
Almari 

Rye hybrids 
Ingredient 

Wheat 
Almari (2713 x 4475) 

x705 
(1993 x 4475) 

x 2803 
(4475 x 2035) 

x 2803 
(2040 x 4475) 

x 2803 
Wheat 700 
Rye 700 700 700 700 
Soyabean protein 
concentrate (64% CP) 195 215 215 215 215 
Vegetable fat 20 30 30 30 30 
Calcium carbonate 19 18.6 18.6 18.6 18.6 
Dicalcium phosphate 12.6 13.2 13.2 13.2 13.2 
Vitamin mix 5 5 5 5 5 
Mineral mix 5 5 5 5 5 
DL-methionine 3.62 3.99 3.99 3.99 3.99 
Wheat starch 39.78 9.21 9.21 9.21 9.21 
Estimated nutrient content, % 

protein 21.52 21.53 21.66 21.44 21.27 
lysine 1.35 1.48 1.48 1.48 1.48 
Met + Cys 0.93 0.93 0.93 0.93 0.93 
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Chemical analyses 

Prior to analysis all samples were ground to a particle size less than 0.5 mm. 
Dry matter content was determined by drying the samples at 105°C for 20 h, 
protein (N x 6.25) by the Kjeldahl method using a Tecator semiautoanalyzer 
(AOAC, 1990). Dietary fibre fractions: soluble (SDF), insoluble (IDF), and total 
(TDF) were measured by the gravimetric method of Asp et al. (1983). Arabinoxy­
lans were determined as aldononitrile acetates by gas liquid chromatography 
according to McGinnis (1982) after hydrolysis with 1M fluoroacetic acid (TFA) 
at 125°C for 1 h. Viscosity of the grain water extract (WEV) was measured after 
a 0.5 g sample was shaken with 5 ml of distilled water for a period of one h at 
30°C and centrifuged for 10 min at 10000 x g. A Brookfield Cone/Plate Digital 
Viscometer, model LVDV-II+ (Stoughton, MA), with a 0.8° cone spindle and 
shear rate of 450 sec1 at 30°C was used (Boros et al., 1993). Gross energy of 
feed and excreta samples was analysed using an adiabatic oxygen bomb calo­
rimeter (KL-11, Mikado, PL). Benzoic acid was used as a standard to calibrate 
the calorimeter. A l l analyses were performed either in duplicate or triplicate and 
expressed on dry matter basis. 

The data were subjected to two-way analysis of variance to determine the 
effect of enzyme supplementation. Comparisons between the wheat- and the 
rye-containing diets were accomplished through use of Duncan's multiple range 
test (Duncan, 1955). The results were considered statistically significant at 
P<0.05. 

RESULTS AND DISCUSSION 

The results of chemical analyses are shown in Table 2. The protein content did 
not differ markedly between rye hybrids, ranging from 12.1 to 12.7% and on the 
average was 2 percentage units lower than that of the control wheat (14.4%). Simi­
larly the variability of TDF and the arabinoxylan content were low, and did not 
exceed 10%> in tested rye hybrids, ranging from 14.7 to 15.8%) and from 6.7 to 
7.6%o, respectively. Within rye hybrids the greatest differences were found in WEV 
(4.4 to 6.5 mPa.s). This quality feature was highly affected by the content of SDF 
(r =s 0.96) and to a lesser extent by the content of SAX (r = 0.60). It is noteworthy 
that greater WEV values of rye hybrids were a result of more viscous arabinoxy­
lans rather than a greater content of SAX as suggested by the higher ratio of WEV 
to SAX content in such varieties. This may indicate differences in the structure of 
soluble arabinoxylans, associated with differences in physicochemical properties 
and, in turn, with the nutritive value of rye (Bengtsson et al., 1990; Girhammar 
and Nair, 1992; Vinkx et al., 1993, 1995; Vinkx and Delcour, 1996). 
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Physicochemical characteristic of wheat and hybrids of rye, % DM 

583 
TABLE 2 

Ingredient Almari (2713 x 4475) (1993 x 4475) (4475 x 2035) (2040 x 4475) 
x 705 x 2803 x 2803 x 2803 Dry matter 90.11 89.10 89.12 89.02 89.10 

Protein 14.36 12.49 12.69 12.34 12.08 
Dietary fibre 

soluble 1.48 ±0.12 3.92 ± 0.05 4.06 ±0.11 4.13 ±0.14 4.66 ±0.13 
insoluble 8.57 ± 0.09 11.88 ±0.05 10.64 ± 0.30 11.59 ±0.20 10.72 ±0.14 
total 10.05 ±0.14 15.80 ±0.03 14.70 ±0.32 15.72 ± 0.22 15.38 ±0.26 

Arabinoxylans 
soluble 0.88 ± 0.02 2.23 ± 0.00 2.27 ± 0.07 2.09 ± 0.05 2.37 ± 0.09 
insoluble 3.75 ± 0.03 5.32 ± 0.27 4.41 ±0.07 4.88 ± 0.30 4.49 ± 0.05 
total 4.63 ± 0.02 7.55 ±0.27 6.68 ±0.14 6.98 ± 0.26 6.86 ± 0.04 

SA: SX ratio 0.73 0.66 0.68 0.70 0.68 
WEV, mPa.s 1.08 4.39 5.36 5.34 6.53 
WEV/mg SAX 0.12 0.20 0.24 0.26 0.28 
SA: SX - soluble arabinose to soluble xylose ratio 
WEV - viscosity of grain water extract 
SAX - soluble arabinoxylans 

There were significant differences between the groups fed rye hybrids (P<0.001) 
in BWG and FCR which varied from 85 to 57 g per 7 days and 1.66 to 1.98 kg/kg, 
respectively (Table 3). The group fed the rye variety with the lowest WEV value 
(4.4 mPa.s) showed the best BWG and FCR, and did not differ significantly from 
the results obtained in the group fed the control diet based on wheat. In general, 
there was a tendency towards poorer growth rate and feed efficiency with increa­
sing viscosity of grain water extract. However, the correlation coefficient, although 
high, was insignificant between WEV and BWG or FCR (r = -0.89 and 0.77) 
because of the small number of rye samples tested. The only significant correla­
tion was found between BWG and the WEV/SAX ratio (r = -0.99). Although the 
ratio of WEV to SAX does not give specific information on the structure of the 
arabinoxylan (AX), it may indicate that their properties are associated with the 
degree of substitution in the xylose chain. According to Bengtsson et al. (1992) the 
viscosities of water extractable AX solutions were more strongly related to the 
content of disubstituted xylose residues of higher molecular weight than to the 
content of monosubstituted xylose units. Nevertheless, the results of the growth 
trial are in agreement with the earlier findings of Boros et al. (1997) and confirmed 
that in vitro viscosity assay may be used as a simple preliminary test for determi­
nation of the nutritive value of rye for broilers. 
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TABLE 3 

The effect of enzyme supplementation on diet intake, body weight gain (BWG) and feed to gain 
ratio (FCR) in broiler chickens fed rye hybrid-based diets 
Diet Enzymes Diet intake 

g/chick/7days 
BWG 

g/chick/7 days) 
FCR 

Wheat - 144abcd 90.2bc 1.60c 

Rye hybrids 
(2713 x 4475) x 705 - 1 3 2 b c d e 84.7 1.66* 

+ 164 (24)a 121.6 (43)a 1.35 (18.7)c 
(1993 x 4475)x 2803 - 123cde 71.2cde 1.91ab 

+ 153 (24)ab 101.5 (43)ab 1.56(18.3)c 
(4475 x 2035)x 2803 - 1 1 7 d e 61.1d e 1.98a 

+ 147 (26)abc 102.3 (67)ab 1.50 (24.2)c 
(2040 x 4475) x 2803 - 105e 57.2e 1.95a 

+ 154 (36)ab 105.6 (85)ab 1.51 (22.6)c 

Pooled SEM 9.6 9.1 0.10 

Significant effect means 
rye hybrids - 119b 68.6b 1.88a 

+ 154 (30)a 107.8 (57)a 1.48 (21.3)b 

Source of variation Probability 
grain NS 0.066 0.0727 
enzyme 0.00001 0.00001 0.00001 
grain x enzyme NS NS NS 

values in parentheses are the percentage improvements following enzyme supplementation 
a,b - means within a column with no common superscripts differ significantly at P<0.05 
NS - non significant 

Despite the significant differences in growth parameters, there were no diffe­
rences found between rye diets in AMEn the average value was significantly 
(P<0.001) lower than that of control wheat'diet (2894 vs 3377 kcal/kg) (Table 4). 
No relationship was observed between AMEn and FCR or any physicochemical 
quality indicators. This study once again shows that in the case of viscous grains, 
the AMEn test when concomitantly run with a growth trial does not give results 
consistent with performance data (Boros et al., 1997). Similar discrepancies were 
observed earlier by Rose and Bedford (1995) in wheat-based diets and by Boros 
(1999) in triticale diets. According to Bedford (1996) the reasons stem from a lack 
of recognition of the differences in intestinal maintenance energy costs placed on 
the bird through the use of specific ingredients and, more importantly, the role of 
intestinal microflora in energy and protein utilisation. All these data indicate, there­
fore, that the measure of AME is not always a good predictor of subsequent bird 
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TABLE 4 The effect of enzyme supplementation on apparent metabolisable energy (AMEn) of diet and grain 

and apparent protein retention (APR) in broiler chickens fed rye hybrid-based diets 
Diet Enzymes AMEn kcal/kg DM APR 

diet grain % 

Wheat - 3377a 3295a 62 .8* 
Rye hybrids 
(2713 x 4475) x 705 - 2887d 2654d 60.4C 

+ 3019 (4.6)* 2840 (7.0)* 63.7 (5.4)b 
(1993 x 4475) x 2803 - 2935cd 2723b 59.8C 

+ 3058 (4.2)b 2899 (6.5)b 63.8(6.7)b 
(4475 x 2035) x 2803 - 2887d 2653d 61.0* 

+ 3076 (6.5)b 2925 (10.2)b 67.5 (10.6)a 
(2040 x 4475) x 2803 - 2866d 2625d 61 .1* 

+ 3021 (5.4)* 2846 (8.4)* 67.5 (10.6)a 

Pooled SEM 39.8 53.9 1.0 

Significant effect means 
rye hybrids - 2894b 2663 60.6 

+ 3044 (5.2)a 2878 (8.0)a 65.6 (8.3)a 

Source of variation Probability 
grain NS NS NS 
enzyme 0.00001 0.00001 0.00001 
grain x enzyme NS NS NS 

values in parentheses are the percentage improvements following enzyme supplementation 
and ab - as in Table 3 

performance and relying on this quality indicator alone could be risky in practical 
feeding. Performance data, particularly FCR data, should probably always accom­
pany AME data if the true feeding value is to be determined. 

Supplementation of the rye diets with enzymes containing xylanase and arabi-
nosidase activities markedly (P<0.0001) improved diet intake, BWG, FCR, AMEn 
and APR values, on average by 30, 57, 21, 5 and 8%, respectively. In general, the 
poorer the nutritive value of the rye, the greater the benefit following enzyme 
addition. The greatest improvement in enzyme addition, approximately 85%, was 
found in BWG, in chickens fed a diet based on the rye hybrid that showed the 
highest viscosity and WEV to SAX ratio. Such an improvement has not so far 
been cited in the literature. This was achieved by supplementation with enzymes 
not only of xylanase but also of arabinosidase activity and suggests that the mix­
ture may be more effective than a xylanase alone. Since there were no interactions 



586 RYE HYBRIDS FOR BROILERS 
between rye hybrids and enzyme additions for productive parameters it means that 
the effect of enzyme combination was the same on each hybrid. The mixture of 
these two enzymes conceivably resulted in a relatively high extent of SAX de-
polimerization in the small intestine as indicated by the three-fold increase in di­
gestibility of SAX in birds fed enzyme-supplemented diets as compared to con­
trols (Table 5). Nevertheless, the digestibility of soluble arabinoxylans was very 
low, independent of the diet and ranged from 3 to 25%, with an average value 
around 13%, and was markedly lower than the digestibility of SAX from the wheat 
diet (45%>). The difference was especially obvious in the digestibility of SA be­
tween unsupplemented wheat and rye diets (43 vs 2%). On the other hand, wheat 
TAX were not as well digested as those from rye (10 vs 20%o). These results high­
light the differences in the structure and especially molecular mass of arabinoxy­
lans between these two species of grain, differences that may affect their absorp­
tion in the digestive tract of chickens. Alternatively, wheat SAX are may be more 
easily fermented by the gut microflora. 

The shortage of grain supply did not allow us to determine the influence of 
each enzyme in isolation, but it may be assumed that the efficacy of each enzyme 
would be not as high as both applied together. Thus, additional studies should be 

TABLE 5 
The effect of enzyme supplementation on digestibility of soluble and total arabinoxylans in broiler chickens fed rye hybrid-based diets 
Diet Enzy­

mes 
Soluble1 Total1 

Diet Enzy­
mes S.A. SX SAX TA TX TAX 

Wheat - 43.37 45.62 44.61 17.52 4.34 10.10 
Rye hybrids 

(2713 x 4 4 7 5 ) x 7 0 5 - 3.18 16.82 11.69 18.85 14.88 16.68 
+ 16.98 23.20 20.86 23.83 21.02 22.31 

(1993 x 4475) x 2803 - 9.27 23.46 18.16 21.91 14.77 17.80 
+ 18.12 28.68 24.74 25.86 24.83 25.26 

(4475 x 2035) x 2803 - -2.27 6.55 3.10 28.01 14.05 20.28 
+ 0.68 6.61 4.29 30.17 24.83 27.17 

(2040 x 4475) x 2803 - -1.27 15.16 9.11 19.64 9.41 14.05 
+ 2.54 16.08 11.09 24.32 15.82 17.63 

Main effect means 
enzyme - 2.2 15.5 10.5 22.1 13.3 17.2 

+ 9.6(330) 18.6 (20) 15.3 (45) 26.0(18) 21.6 (63) 23.1(34) 
1 SA, SX, SAX - soluble arabinose, xylose and arabinoxylans, respectively 

TA, TX, TAX - total arabinose, xylose and arabinoxylans, respectively 
values in parentheses are the percentage improvements following enzyme supplementation 
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carried out to compare the nutritional effect of these two enzymes applied sepa­
rately and as a mixture. 

Overall, the results of this study showed that much may still be done to im­
prove the nutritive value of rye for broiler chickens. It seems that such an improve­
ment can be achieved by selection and breeding of rye varieties with a lower WEV 
and SAX content together with the appropriate choice of feed enzymes. These 
enzymes should hydrolyse the polysaccharides and therefore significantly lower 
viscosity of gut digesta and increase the retention of nutrients. 
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STRESZCZENIE 
Wplyw lepkosci wodnego ekstraktu i egzogennych enzymow na wartosc pokarmowq mieszan-
cow zyta dla kurczaj brojlerow 

Kurczeja brojlery karmiono dietami zawierajaxymi ziarno 4 mieszahcow zyta rozniaxych sie_ 
lepkosci^. wodnego ekstraktu ziarna (WEV). Diety byly przygotowane bez lub z dodatkiem enzy­
mow degraduja^cych arabinoksylany celem okreslenia wplywu lepkosci ziarna oraz dodatku ksy-
lanazy i arabinozydazy na przyrost masy ciala, zuzycie paszy, energie^ metaboliczna^ (AMEn), 
pozorna^ retencJQ bialka (APR) i strawnosc arabinoksylanow u mlodych kurczaj; brojlerow. Dieta 
pszenna byla uzyta jako kontrola. Usuni^cie szkodliwego wplywu rozpuszczalnych arabinoksy­
lanow (SAX) zyta poprzez dodanie obu enzymow istotnie poprawilo spozycie paszy, przyrost 
masy ciala oraz zuzycie paszy, srednio o 30, 57 i 2 1 % , odpowiednio w porownaniu z wynikami 
uzyskanymi na ptakach karmionych dietami nie uzupelnionymi tymi enzymami. Wydaje sie,, ze 
tak wysoka poprawa wskaznikow produkcyjnych byla wynikiem zwiejcszenia AMEn i APR 
(o 5 i 8%) oraz strawnosci rozpuszczalnych i ogolnych arabinoksylanow (o 45 i 34%). Podsumo-
wuja^c nalezy stwierdzic, ze im gorsza byla wartosc pokarmowa testowanego zyta tym wiejcszq. 
poprawe. mozna uzyskac stosuja^c dodatek odpowiednich enzymow paszowych. Wyniki tych ba-
dah wskazuja^, ze mozna zwiejcszyc wartosc pokarmowa^ zyta dla kurczaj; brojlerow przez selekcj^ 
i hodowlQ odmian zyta o obnizonej WEV i zawartosci SAX w ziarnie oraz dodatek odpowiednio 
dobranych enzymow, ktore mogq. hydrolizowac SAX, obnizac lepkosc tresci jelitowej i zwiejc-
szac wchlanianie skladnikow pokarmowych. 


