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ABSTRACT

The chemical composition and nutntional valuc of yellow (Juno and Pepicl). blue (Emir and Sur)
and white (Wat and Bardo)} Polish sweet lupin varieties were compared. The effects of enzyme
preparations, Energex and Bio-Feed Plus, on the hydrolysis of the seed components in vitro and of
Energex and Alpha-Gal on the nutritional value of lupin for broiler chickens, were cvaluated.

The protein content was the highest in the yellow lupins (445}, while that of fatin the while (9%).
The alkaloid content ranged from 0.23 to [.3 g/kg DM. The metabolizable energy (AME,) as
determined on 4-weck old chicks, was the highest in Bardo. the lowest in Emir (11.2 and 8.4 MJ/kg
DM, respectively).

The apparent protein and fat digesuibility ol lupins determined on 4-week old chicks did not differ
among cultivars and averaged 84 and 73%, respectively. Relatively large differences in digestibility of
carbohydrate fractions were noted among cultivars (¢.g. NFE from 0 to 23.9%; CF from 0 to 20%).

The growth performance of broiler chicks fed between day 8-29 ol file on isoprotein and isocaloric
diets containing 15 and 30% lupin was determined. At the 15% inclusion level only Wat significantly
Jowered performance indices, however. at the 30% level these indices decreased significantly for all
cultivars excepl Bardo.

In vitro, Energex increased the degree of hydrolysis of NDF and ADF in Wat by 19 and 10%,
respectively, and increased the sotubility ol protein of all lupin cultivars by 12%, on average. In vitro
Energex increased the AME, value of June. Emir, Sur and Wat by about 1.5 MJ/kg DM and
Alpha-Gal acted enly on blue lupins (1.6 MJ/kg DM). Howcver, supplementation of diets containing
23% of Juno and Emir seeds with 0.1% ol Energex or Alpha-Gal did nol improve the performance of
the birds in a 3-week cxperiment.

KEY WORDS: L. lureus, I.. angustifolius, L. albus, [eed enzymes, digestibility, metabolizable cnergy,
broiler chicks ’



216 ALLOUI O. ET AL.

INTRODUCTION

Three species of sweet lupin are grown in Poland: L. luteus, L. angustifolius
and L. albus. As a result of genetic selection in each species, a number of low
alkaloid varieties have been oblained. It has been assumed that due Lo their high
protein content, lupins may substitute soyabean meal in pouliry diets. The data
concerning the feeding value of the new Polish lupin cultivars for broiler chicken
are limited and opinions about their use varied. It has been concluded that the
level of inclusion of lupin into broiler diets should be limited to 13% (Koreleski et
al., 1987) or that it can successfully substitute all soyabean meal in the ration
(Piech-Schleicher and Jamroz, 1982).

The nutritive value of lupin sceds for poultry deperntds mainly on their protein
and amino acid contents and availability but also on their metabolizable energy,
which is positively correlated with fat content and negatively with the indigestible
fraction of non-starch polysaccharides (NSP). Metabolizable energy of luping
for poultry 1s low and varics from 8.2 (narrow-leaved) and 9.5 (yellow) to 10.7
(white) MJ/kg DM, according to Nutrient Requirements of Poultry (1993).

The above is a consequence of a high content of NSP, reaching 37% of lupin
dry matter (DM)}. The main components of lupin NSP are oligosaccharides
(Trugo and Almeida, 1988), pectins and hemicelluloses (Brillouet, 1984). None
of these substances are digested or are digested only to a small extent by chickens,
because the birds do not have an appropriate digestive enzyme system.

The use of enzymes such as hemicellulase. pectinase, fi-glucanase and
z-galactosidase for degrading the main lupin NSP compoenents may improve
digestibility of nutrients and increase the energy value of lupin. The positive
cffect of galactosidase on the ileal digestibility of lupin oligosaccharides. but not
amino acids, was observed by Gdala et al.{(1994).

Supplementation of poultry diets with commercial preparations containing
enzymes degrading cereal NSP is now commonly used as an efficient means of
increasing the energy valuc of cereal grain for poultry. Tt therefore seems possible
that a similar procedure may be proposed to improve the utilization of lupin by
chicken.

The objective of this study was to determine the nutritive value and
metabolizable energy (AME,,) of the six new varieties of sweet lupin for broiler
chicken and to examine whether added feed enzymes would affect the hydrolysis
of lupin sceds in vitro and in tests with chickens.

MATERIAL AND METHODS

Seeds of three lupin species grown in Poland, each reprecsented by two
varieties: L. futeus (cv. Juno and Popiel), L. angustifolius (cv. Emir and Sur) and
L. albus (cv. Wat and Bardo) were used.
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Chemical composition of lupin seeds was estimated by conventional methods,
NDF, ADF and ADL contents were determined according to Van Soest (1967)
on a Fibertec M (Tecator) apparatus, total alkaloid content according to
Wysocka et al. (1989). The amino acid content was determined on a Beckman
amino acid analyser. Methionine and cystine were assayed after oxidation with
performic acid, tryptophan after hydrolysis with barium hydroxide.

Feed enzymes produced by Novo-Nordisk: Energex (f-glucanase, hemicel-
lulase, pectinase, endoglucanase), Bio-Feed Plus (hemicellulase, f-glucanase,
pentosanase) and Alpha-Gal (x-galactosidase, invertase) were used.

Tests in vitro

Samples of lupin seeds were finely ground on a Cyclotec 1090 Sample Mill
(Tecator). Ten grams of each sample with or without 1% Energex or Bio-Feed
Plus preparations were mixed in a 1:10 proportion with 0.1 M sodium acetate
buffer (pH 5.2) and incubated at 39°C for 5 or 10 h. The mixtures were
centrifuged and the nitrogen content in supernatants was determined. The
samples were incubated in duplicate.

In the second test, after 10 h incubation with or without 1% Energex as above,
the samples were freeze dried and analysed for NDF and ADF content according
to Van Soest (1967).

Experiments on chickens

Experiment 1. Metabolizable energy value (AME,)) of lupins was evaluated on
4-week-old cockerels with an initial body weight of 950 g, divided into groups of
nine birds each. The chickens were fed cold pelleted diets containing 100% of
basal diet or 50% of basal diet and 50% of ground lupin seeds combined on
a DM basis. All diets were fed non supplemented or supplemented with 0.3% of
Energex or Alpha-Gal preparations. The composition of the basal diet is shown in
Table 4, experimental procedures were according to Smulikowska and Chibow-
ska (1993). AME, of lupins was calculated according to Campbell et al. (1983).

Experiment 2. The nutritional value of lupins was evaluated in a three-week
experiment performed on eight-day old broiler cockerels (Vedetta) with an
average initial weight of 133+ 5 g. The birds were housed in pairs, 14 pairs per
group, in cages equipped with a feed and water supply.

The cockerels were fed to appetite diets containing 0 (control), 15 or 30%
ground lupin seeds of each evaluated cultivar. The composition of the diets is
given in Table 7. Each diet contained: 20% crude protein, 11.7 MJ/kg AME,,
1.06% lysine, 0.76% methionine + cystine, 0.76% threonine. All diets were cold
pelleted.
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Experiment 3. Due to limited supply of lupin samples the effect of Energex and
Alpha-Gal preparations on cvs. Juno and Emir only was estimated. The
experiment was performed as Experiment 2 except that the initial average weight
of the cockerels was 110+ 5g. The composition of the diets was similar as in
Experiment 2 (see Table 7), but thev conlained only 23 % of lupin seeds. The diets
were fed unsupplemented or supplemented with 0.1% of Energex or Alpha-Gal
preparations, as recommended by the producer.

Statistical analysis of the results was performed using “Statgraphics Plus
ver.7" software.

RESULTS

The crude protein content was highest in yeltow, lower in blue and white lupin;
the fat content was highest in white lupin, The contenl of fibre was high in all
culuvars, but mtervarietal differences were found within species (Table 1). There
were no distinctive differences in the amino acid composition of protein. however
yellow lupins contained less threonine and (ryplophan, the content of tryplo-
phan was also very low in Wat, The content of alkaloids rangcd from 0.23 to
1.3 g/kg (Table I}.

TABLE 1
Chemical composition of lupin sceds, % of DM
Specics L. lutens L. angustifolits L. alhuy

Juno Popicl Emir Sur Wat Bardo
Crude protein (Nx6.23) 4.1 442 33.7 346 32.1 359
Crude fat 5.2 53 6.5 6.0 9.5 8.4
Crudc ash 5.2 5.1 4.2 4.0 43 43
Crude fibre 14.3 13.5 12.7 16.5 15.4 15.5
NDF 23.4 21.6 21.3 26.5 23.6 251
ADF 19.4 18.4 17.9 23.5 19.9 233
ADI, 49 1.6 2.0 3.5 4.5 2.7
Amino acids, g16 g N
Lvs 5.10 5.02 5.05 5,00 5,14 5.12
Thr 3.19 317 3.65 3.53 3.87 3186
Trp 0.78 0.78 0.97 1.00 0.78 0.89
Met 0.80 0.79 0.84 0.83 0.89 0.91
Cys 2.11 2.07 1.70 1.60 1.75 1.49

Total alkaloids, g/kg 0.23 1.30 0.44 0.51 0.95 0.79
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Protein solubility after incubation of ground seeds without enzymes was
rather uniform; on average, after 5 h, 25.7% of N was found in the supernatant;
27.2% after 10 h. Because the Bio-Feed Plus preparation had a very small effect
on the solubility of nitrogenous substances, the Alpha-Gal preparation was used
in further work instead. After incubation for 5 or 10 h with Energex 34 and 40%
more nitrogen, respectively, was found in the supernatant (Table 2).

The amounts of dietary fibre components estimated as NDF and ADF after
the incubation in buffer for 10 h, were generally lower (Table 3) than measured in
non-incubated samples (Table 1); the greatest difference was found in Bardo, the
smallest in Popiel. The effect of Energex on the hydrolysis of NDF and ADF was
negligible in all lupin varieties except Wat, in which 19% more NDF and 9%
more ADF was degraded after addition of Energex (Table 3).

The digestibility of protein determined on chickens in vivo (Table 5a and b)
averaged 84%, and no distinctive differences were noted amongst cultivars. The
average fat digestibility was 73.3%, the differences amongst cultivars were more
distinct and reached 20 percentage units (81.7 for Wat vs. 61.2% for Emir). The
digestibility of NFE averaged 9.7% for all cultivars, but ranged from 0 (Popiel
and Bardo) to 23.9% (Emir). The largest differences were noted for ADF, NDF
and crude fibre digestibility. Supplementation with Energex resulted in an
increase of apparent digestibility of all components determined in all evaluated
lupin cultivars except for protein in Wat, but the range of improvement varied.
The effect of supplementation with Alpha-Gal was smaller.

The AME, value for chicken of both narrow-leaved lupins was lower than
that of yellow and white ones (Table 6). The metabolizability of energy differed
amongst species and was the lowest in both narrow-leaved cultivars, lower
metabolizability of energy was found also in cv. Wat. Supplementation with
Energex resulted in an increase of AME and metabolizability of energy of Juno,
Emir, Sur and Wat, but was not effective with Popiel and Bardo, while
supplementation with Alpha-Gal resulted in an increase of AME, and metaboli-
zability of energy only in Emir.

Chickens fed diets containing 15% lupin seeds gained on average 6% less than
those fed the wheat-soyabean meal diet, and only Wat lowered body weight gain
by 13% (P <0.05). The feed conversion ratio worsened by 3% on average (Table
8). Introducing 30% Wat, Juno, Sur and Popiel lupins into the diet further
lowered the performance indices of chickens, only Bardo and Emir did not have
this effect.

Supplementation of the diets containing 23% Juno and Emir seeds with 0.1%
Energex or Alpha-Gal did not improve the performance of the chickens
(Table 9).
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TABLE 2

Solubility of nitrogenous compounds of lupin sceds incubated without (control) or with enzyme

preparations during 5 and 10 h (N found in supernatant as percent of total N)

Varict 5 hours 10 hours
anety control B-FP Energex control B-FP Energex
Juno 24.2 25.5 12,0 25.8 281 37.2
Popiel 247 235 32.6 24.4 279 36.8
Emir 26.2 27.7 32.0 29.1 32.5 423
Sur 25.6 26.0 372 27.8 28.5 41.5
Wat 25.5 28.2 354 26.2 30.2 38.2
Bardo 281 30.1 33.8 30.2 34.1 41.4
Average 257 273 338 272 30.2 396
B-FP = Bic-Feed Plus
TABILE 3
NDF and ADF remained in lupin seeds after incubation in vitee for 10 h, without (control) or with
Energex
Variel NDF ADF
anely control Encrpex control Encrgex
Juno 213 203 17.7 17.7
Popiel 214 204 17.6 18.5
Emir 18.2 17.2 15.6 15.3
Sur 237 23.1 203 194
Wat 221 17.9 18.8 17.1
Bardo 209 20.3 18.7 183
TABLE 4
Composition of basal diet (Experiment ). %
Ingredicnts %
Soyabean meal 30.0
Wheat 65.6
Calcium carbonate 1.4
Dicalcium phosphate 1.6
NaCl 0.4
Vitamin-mineral premix* 1.0

* supplied per kilogram of diet; retinol 8000 1U: cholecalciferal 1200 [U; tocopherol 10 mg;
phylloquinone 2 mg; riboflavin 4 mg; pyridoxine 0.4 mg; cyanocobalamine 15.0 gg: niacin 12 mg:
pantothenic acid 8 mg; folic acid 0.2 mg: choline 150 mg; D-L methionine t g; Mn 30 mg;

Zn 30 mg; Se 0.1 mg; Co 400 ug: J 0.3 mg; BHT 100 mg
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TABLE 6

Apparent metabolizable energy (AME,) and metabolizability of energy (AME,/GE) of lupins

without (control) or with Energex and Alpha-Gal (Experiment 1)

Treatment L. luteus L c.mgum_'f'n."r'ns L. albus
Juno Popiel Emir Sur Wat Bardo
AME,, MJ/kg DM
Control 10.4* 10.7# 8.4° 8.8% 9.7 1125
Energex 11.8° 15:9¢ 10.0° 9.9% 12> 11:5"
Alpha-Gal — 10.8* 9.9 9.2 9.6" 1 B i
SEM 0.17 0.32 0.41 0.48 0.21 0.35
AME,/GE, %
Control 50.4° 211 1 b 42.1° 44.0° 47.2% 53.6"
Energex 57.2Y 52.0° 50.2° 50.6" 54.4° 55.0°
Alpha-Gal - 51.4* 49 8" 46.2* 46.6° 55.8°
SEM 0.82 1:51 2.04 2.20 112 1.66

a, b—means concerning the same cultivar were compared. Values with no common superscripts differ

significantly P<0.05

TABLE 7
Composition of diets, % (Experiment 2)
Lupin gy eat!  SBM?  Faf  MVC'  Lys’ Met®  Thr'
seeds
Serie 1
Control = 29,71 32.0 4.0 39 0.16 0.09 0.14
Popiel 15.0 58.12 18.5 4.1 20 0.17 0.07 0.14
30.0 56.62 5.0 4.1 3.9 0.18 0.05 0.15
Sur 15.0 52.62 22.7 54 39 0.16 0.10 0.12
30.0 45.43 13.4 6.9 3.9 0.15 0.11 0.11
Bardo 15.0 54.04 21.9 4.8 3.9 0.15 0.10 0.11
30.0 48.46 11.8 5:5 3.9 0.15 0.12 0.07
Seric 2
Control - 62.39 29.0 4.3 3.9 0.19 0.08 0.14
Juno 15.0 60.49 15.8 44 39 0.21 0.05 0.15
30.0 58.69 24 4.6 39 0.23 0.02 0.16
Emir 15.0 54.99 19.9 5.8 3:9 0.21 0.08 0.12
30.0 46.97 2 7.5 3.9 0.24 0.09 0.10
Wat 15.0 54.30 21.0 3.5 39 0.12 0.08 0.09
30.0 46.71 12.4 6.8 39 0.06 0.09 0.04

" in serie 1 wheat containing 10.87, in serie 2 — 12.43% crude protein
? soyabean meal — 42.12% crude protein
¥ beef tallow - soyabean oil as 1:1

* containing in %: limestone 1.2; dicalcium phosphate 1.4; NaCl 0.3; vitamin-mineral premix

(as in exp. 1) 1.0
9 added to the diets
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TABLE 8
Performance of broiler chickens {7-28 days) fed on diets containing 15 or 30 % of lupin {Experi-
ment 2)

Variety % in diel Feed intake Weight gain Feed 1o gain ratio
{(g) (g) (g/g)
Serie 1
Control 1625 + 65 931" + 33 1.75% 4+0.08
Popicl 15 1582 + 99 886> + 72 1.80%" +0.08
30 [570" + 87 830" + 65 1.89° +0.07
Sur 15 1597 +120 8RE™ + 69 1.80°" +0.10
30 1522 +£170 794 + 97 1.92° +0.08
Bardo 15 1591 +134 863+ 96 1.85% +0.11
30 1532% 4145 8621 + 93 1.90° +0.08
Serie 2
Control 1564 +113 8594 + 44 1.82°* 4+ 0.10
Juno 15 1450 +£173 811 +103 1.79* +0.10
30 1350° 4162 7160 + 86 189> £+ 0.08
Emir 15 1563° +117 803%¢ + 81 195 +0.09
30 143220 + 148 795+ 74 1.80° +0.10
Wal 15 1438 +129 T4+ 71 [.93% +0.12
30 1308* + 81 678" + 64 1.93% +0.08

a, b - means within the same serie were compared. Values in the columns with the same superceripts
do not differ significantly, P<0.05

TABLE 9
Performance of broiler chickens (7-21 days) fed on diets containing 23% lupin, non-supplemented or
supplemented with 0.1% Energex or Alpha-Gal (Experiment 3)

Treatment Feed intake Weight gain Feed 1o gain ratio

i) (£) {g/g)
June 1539+ 739 2,00
Juno + Energex 1527* 739 2.06*
Emir 1516° 691 2.20¢
Emir + Encrgex 1534* 699* 2.19¢
Emir + Alpha-Gal 1566 692* 226
SEM 32.8 18.1 0.026

a, b — means with common superscripts do not differ significantly, P<0.05
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DISCUSSION

Comparison with the data compiled in the EAAT (European Amino Acid
Table,1992) shows that only yellow iupins fall within the European standard,
both blue and white Polish sweet lupin species had lower protein and higher fat
conlents, The amino acid composition, expressed in g/16g N, did not differ much
amongst species and cultivars, and was in agreement with that given in EAAT
(1992), so the procedure of calculating the amino acid composition of lupin, on
the basis of its protein content seems to be justified. In comparison with soyabean
protein, contaiming according to EAAT (1992) 6.2g lysine and 1.37g tryptophan
per 16g N, lupin protein contained less tysine (5.07 g on average) and less
tryptophan (0.78-1 g/16g N). The low content of both amino acids, but especially
tryptophan, should be taken into considerstion when soyabean meal is
substituted by lupin, as synthetic tryptophan is not easily available.

The apparent digestibility of protein determined in vive on chickens (Table 5)
averaged 84%, and no distinct differences amongst cultivars were noted. This
value was however much lower than 92% given for all lupin species in the
European Table of Energy Value for Poultry Feedstufts (1989); the average
apparent digestibility of ful was also lower (73.3 vs. 85%). The differences among
cultivars in fat digestibility were more distingt and reached 20 percentage units.

Relatively big differences were noted for NDF, ADF and crude fibre
digestibility (Tables 5a, b). It seems, however, that the substances which formed
these dictary fibre fractions were not fully digested, as both blue lupin species,
which showed relatively high NDF and ADF digestibility, had the lowest AME,
values (Table 6).

The total alkaloid content varied from 0.023 to 0.13% DM, which do not
exceed the Irmits for sweet lupin culuvars, However, even the highest alkaloid
content, which in Experiment 1 in the diet containing 50% of Popicl sceds
reached 650 mg/kg, did not adversely affect feed intake.

It seems that the decrease in performance indices found on lupin diets in
Experiment 2, was not caused by alkaloid content, but rather by lower than
expected digestibility of lupin seed protein and fat. Due to this, the tupin diets
delivered less amino acids and energy in available form than the control diet.

The results of the ir virro test indicate that in spite of the low cffectivencss of
Energex on the degradation of cell-wall constituents, NDF and ADF, this
preparation, which did not contain protein degrading enzymes, increased the
solubility of nitrogenous compounds of seeds. That muy indicate that the activity
of Energex is connected more with the soluble than the insoluble fraction of NSP.
In contrast with Energex. Bio-Feed Plus had a small effect on protein solubility,
the difference between the activity of two enzymes may be ascribed to the
peclinase content in Energex.
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Energex was also effective in increasing the metabolizable energy value of
some, but not all lupin cultivars. The response of different lupin cultivars to
treatment with enzymes was not uniform, protein solubility increased after
mmcubalion with Energex in all lupin seeds evaluated, while significant (P<0.05)
improvement of the AME,, value was found only for four varieties (Juno, Emir,
Sur and Bardo). The lack of effect of Energex on AME,, of Popiel and Bardo
seeds as well as the positive effect of Alpha-Gal on AME,; of blue lupins only,
cannol be related to the chemical composition of lupins as evaluated in the study.
More detailed analysis is needed to explain the observed differences.

The very small effect of enzymes on the digestibility of protein and fat in white
lupinsisin agreement with the results of Brenes et al. (1993), who did not find any
improvement due to supplementation ot white lupin with Energex, Bio-Feed
Plus or «-galactosidase,

Generally, the results of the supplementation of lupin with feed enzymes do
not scem to be very encouraging. The lack of a positive eftect of enzymes on the
growth performance of chickens fed on lupin diets may be cxplained by the
nature of the sugars liberated by enzymes. Lupin NSP contain about 22%
galactose, 11% D-xylose and 10% arabinose (Carré and Brillouet, 1986), which
are poorly utilized by chickens as energy sources (Longstaffet al., 1988; Shutte et
al., 1990).
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STRESZCZENIE

Wplyw odmiany i dodatku enzymow na wartos¢ odiywcza nasion lubinow ¢ L. luteus, L. angustifolius
1 L. atbus) dla kurczat brojlerow

Poréownano sklad chemiczay i wartos¢ odiywcza polskich odmian tubindw: zoltych (Juno
i Popiel}, niebieskich (Fmir 1 Sur) 1 bialych (Wat 1 Bardo). Zbadano takze wplyw preparatow
enzymatycznych: Energex, Bio-Feed Plusi Alpha-Gal na tempo trawienia sktadnikdw nasion i vitre
i ich wykorzystanie przez kurczeta.

Zawartos¢ biatka byla najwicksza w ubinach zotych (44%), ttuszezu w biatyeh (9%). Zawurtosé
alkaloidéw wahata sic od 0,23 do 1.3 gikg SM.

Wartos¢ AME,. oznaczona w doswiadczeniu na 4-tygodniowych kurezgetach, byla najwyisza dla
tubinu Bardo, najnizsza dla lubinu Emir (odpowiednio 11,21 8.4 MJ/’kg SM).Pozorna strawnosc
biatka byla podobna u wszystkich odmian i wynosita srednio 84%, pozorna strawnosc thuszezu 73%.
Stwierdzono nalemiast duze réznice migdzy odmianami w strawnoscet frake)i weglowodanow.

Wszystkie tubiny wlaczono do izobiatkowych i izokalorycznych diet dla kurczat brojlerdw;
podawano je kurczgtom micdzy 8 a 29 dnicm zyeia, Przy udziale 15% nasion w diecic jedynie Wat
istatnie obnizyl prayrosty 1 wykorzystanie paszy, natomiasl przy udziale 30% nasion w diccic
wskazniki te obnizyly sig istotnie dla wszystkich odmian z wyiatkiem Bardo.

W testach i virro Energex spowodowal zwigkszenie rozkladu NDF i ADF jedynie w nasionach
odmiany Wat (0 191 10%) oraz zwickszenic rozpuszezalnosci biatka wszystkich odmian, srednio
o okoto 12%. fn vivo Energex zwigkszyl wartos¢ AME, lubinéw Juno, Emir, Sur 1 Wai o okolo 1.5
MI/kg SM, a Alpha-Gal jedynie obu cdmian tubinu niebieskiego o 1.6 MJ/kg SM. Dodatek 0,1%
obydwoch enzymow do diet zawierajacych 23% lubinow Junoe 1 Emir nie wptynat jednak na poprawe
wrroslu | wykorzystania paszy przez kurczgta.



