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ABSTRACT

Broiler chickens reared from 3 te 8 weeks of age were fed per o5 on extract or, differing in chemical
compaosition fraciions of the exiract (A,-A) from bilter lupin (L. angustifolius var. Mirela) seeds
(Experiment 1), the extract and its selected fractions (A, A,, A;) from the seeds of Mirela as well as
extract from sweet lupin var. Emir {Experiment 2}, The extracts from bitter lupin harvested in two
consecutive years, used in the experiments, differed in alkaloid content, The extracts and fractions did
not negatively affect growth, feed intake or health of the chickens. Only fraction A; (alkaloid
hydrochlorides) used in Experiment 2, which was from extract with higher alkaloid content, reduced
(P<0.01 ) body weight gain of the chickens.

The T, level in the peripheral blood serum was the lowest in the birds receiving fractions
containing sugars (A,} and the highest in the group receiving alkaloid hydrochlerides (A,). The T,
level was the highest in the chickens receiving extract from sweet lupin. The extracts and fractions had
no effect on the red bloed cell count while leakograms showed only undirected variation, except for
basophil and eosinophil in blood of which level was higher in experimental than control birds.
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INTRODUCTION

The content of lupin seeds in feed mixtures for poultry is limited by lower,
compared to other high protein plant components, content of sulphur-
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conlaining amino acids, the presence of undigestible polysaccharides in the seed
coat and, above all, the presence of antinutritional substances. The latter include .
alkaloids and x-galactosides which are not digested by the birds due to the lack of
proper enzyme. The chinolysidine alkaloids in the lupin seeds of bitter varieties
worsen the taste properties of the feed and reduced intake which leads to slower
growth rate of the animals and reduced performance. It is difficult to explicitly
determine whether lower performance 1s due to reduced feed mmtake or to the
specific effect of alkaloids on the animal organism.

The elaboration of a method for the debittering of lupin seeds allowed to
obtain an extract and its different fractions contlaining various substances, and (o
determine the effect of these substances on the animal organism {Gulewicz, 1991;
Stobiecki and Gulewicz, 1991 ). The extract contains sugars, mostly of the
raffinose group (50% DM), nitrogen compounds, free alkaloids, amino-acids,
peptides, polvamines and other compounds (together ca 30% DM) as well as
non-volatile organic acids and their derivatives, sterols and mineral compounds
{(Markiewicz, 1988; Hill and Pastuszewska,1993; Stobiecki,1993). It has been
found that extracts from L. alhus and L. angustifolius seeds, containing 10%
alkaloids in their DM are not loxic (Stobiecki et al., 1993) but are immuno-
suppressive (Blaszczyk et al., 1994). An extract from L. angustifolius var. Mirela
(bitter) introduced into duck eggs resulted in lowered hatching and statisticaliy
significant changes in embryonic blood, characteristics of haemolytic eryth-
ropenia, decrcased number of erythrocytes and haemoglobin content. The
injection of extract and the fraction containing alkaloid hydrochlorides from
Mirela lupin into the hen eggs also reduced the rate of hatching and had
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a negative effect on the level of thyroid hormones of the chicks, whereas the
fraction containing peptides and sugars had a positive effect on rate of hatching
(Bednarczyk et al., 1995). Extracts from bitter lupin seeds (var. Mirela and Bac)
administered per os reduced growth rate of the chickens. They did not have any
effect on rate of lay in hens or physical properties of the eggs but reduced the
percentage of fertilizations and rate of hatching. They also caused changes of
some blood indices, e.g. haematocrit, cell volume, number of leukocytes and
thrombocytes (Uzighlo et al., 1995).

MATERIAL AND METHODS
Preparation of extracts and fractions

Bitter lupin seeds (var. Mirela) were from the harvests of 1993 and 1994 and
the seeds of sweet lupin (var. Emir) from the harvest of 1994 at the plant breeding
centers Wiatrowo and Przebgdowo. The extracts were obtlained by a method
claborated by Gulewicz, (1991) which involves the debittering of whole seeds
(with coats) in an aqueous solution of ethanol. The extracts contain all
compounds in natural form. The extracts of both parties of seeds were separated
into 7 fractions (A,A,) (Figure 1),

Experimental design

The experiments were performed on 270 and 288 broiler chickens in
Experiments 1 and 2, respectively. The chickens were reared in standard
conditions and were fed during the first two weeks of life with DK A-starter
mixture and then up to week 8 with Grower and Finisher mixtures. Protein and
energy content in the mixtures was in accordance with Nutrient Requirements of
Poultry (1993).

Al the end of the second week of life the chickens were divided into 9 feed
groups in 2 repetitions in Experiment 1 and into 6 groups of 3 repetitions in
Experiment 2. The number of birds in each group in both experiments was 30 and
48, respectively. The type of extract and fraction administered to the birds in the
individual feed groups in both expeniments is given in Table 1. The extracts and
fractions were administered to the birds from the third week of life daily per os
with wheat flour (Experiment 1) or every second day (Experiment 2). Chickens of
the control group received wheat flour or mixture with addition of water. The
daily dose of the extracts and fractions corresponded to the amount of alkaloids
taken in by the chickens in mixture containing 15% lupin seeds.
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Experimental design
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TABLE 1

Experiment 1

Experiment 2

Group Extract or

Compounds in

Group Extract or

Compounds in fractions

fraction fractions from or fraction from lupin seed extract
bitter lupin seed {var. Mirefa®)
extract (Lupinus L.,
var. Mirela?)
[ control - I control -
IT  fraction A, fatty acids, lipids IT  fraction A, free alkaloids, their ester

T fraction A,

IV fraction A,

VY  fraction A,

VI fraction A,

VII fraction A,
VUI fraction A,
IX extract

free alkaloids, their ester 111
and glucoside

derivatives

phenolic compounds, v
Krebs cycle carboxylic

acids

sugars of the raffinosc v
group
glycosides, nucleosides Vi

of purine and pyrimidine
bases

alkaloid hydrochlorides
peptides, amino acids
all groups of chemical
compounds listed above
and other unidentificd
compounds

[raction A,

fraction A

extract from
var. Mirela

extract from
var. Emir

and glucoside derivalives
sugars of the raffinose

group

alkaloids hydrochlorides

all group of compounds
mentioned in Exp. | and
other unidentified
compounds

as above

* — harvest in 1993
b _ harvest in 1994

The daily doses of alkaloids administered with the lupin var. Mirela seeds
extract ranged in Experiment | from 72.2 (in week 3) to 206.8 mg/bird (in week 8)
and in Experiment 2 from 143.0 to 405.5 mg/bird, respectively. The doses of Emir
extract ranged from 7.4 to 21.1 mg/bird. In Experiment 2, at the end of the 8th of
week of rearning blood was taken before morning feeding from 9 birds of each
group for haematological studies and to determine the content of triiodo-
thyronine (T,) and thyroxine (T,} in peripheral blood serum.

The chickens were weighed on the third and eighth weeks of life and feed
intake and growth rate were estimated.
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Analysis and calculations

The content of nutrients in the diets were determined by standard methods
(Skulmowski, £974). Amino acid content was determined with Beckman
Multichrome B analyzer, sulphur amino acids — after their oxidation. Eryth-
rocytes, leukocyles and thrombocytes were determined in Burker chamber,
haematocrit by the microhaematocrit method and haemoglobin content by the
cyanomethemoglobin method. The percentage of white blood cells was es-
timated from differentiation of 100 leukocyles in blood smear (Bomski,1989).
Hormone level was determined by a radioimmunological method with the use of
kits RIA-T, MI-86 and RIA-T, MI-88 produced by OP and DI in Swierk
(Poland).

The results were claborated statistically with the use of the method of variance
analysis and multiple range test.

RESULTS AND DISCUSSION

The chemical composition of lupin seeds and calculated amount of adminis-
tered alkaloids, cxpressed as their content in [eed, are presented in Table 2.

The chickens got adapted in short time to the adminisiration of exiract ot its
fraction-containing [lour. The growth rate of the birds differed between both
experiments (Table 3) — the chickens grew very fast in the third week in
Experiment 1.

In Experiment | the extract and its fractions had no significant effect on
growth rate of the chickens between 3 and 8 weeks of life. It 1s not easy to explain
the slightly lower body weight of the chickens (statistically insigmificant
difference) in group V, fed with fraction A, containing sugars. This result was not
confirmed in Experiment 2, in which the lowest body weight (P <0.01) was found
in the chickens receiving fraction A, containing alkaloids in the form of
hydrochlorides (group IV). The reason for the different response of the chickens
to this fraction in Experiments 1 and 2 may have been the higher levet ol alkaloids
in the fraction used in Expriment 2 from seeds var. Mirela harvested in 1994,
which contained more alkaloids than the seeds from the harvest of 1993, 1t can be
assumed that at higher concentration, the alkaloids in the form of hydrochlorides
in fraction A, (Expriment 2) are tolerated by the chickens worse than the
alkaloids occurring in the extract in natural form.

Other authors found greater toxicity of fractions A and A, from var. Mirela
seeds, which contained different forms of alkaloids, than of extracts from the
seeds of other sweet and bitler varieties (Stobiecki et al., 1993; Blaszczyk et al.,
1994).
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TABLE 2
Chemical composition of lupin seeds* (in DM) and alkaloid conient
Experiment I
Lupin seeds
var. Mirela var. Emir
experimet I* experiment T1° experiment 11

Crude protein,% 344 35.0 346
Lys, g/l6 gN 3.7 36 3.8
Met, g/16 gN 1.0 0.9 1.1
Cys, g/16 gN 1.3 1.5 1.2
Ether exiract 49 4.9 4.7
Crude fibre, % 17.8 17.6 17.2
Alkaloids, % 1.000 2.010 0.104
Kind of alkaloids La La La

13-OH La 13-OH La 13-OH La

A A A
Alkajoids content
in feed mixtures (theorectical
content at 153% content
of lupin seed in the
mixture) (.1485 0.2714 0.0141
Kind of fractions and its
content (%) in DM of extract
from bitter Tupin var.
Mirela* A, A, A, A, A, A, A,
0.50 1.3 0.60 68.7 33 6.6 19.2

* according to Institute of Bioorganic Chemistry, Poznan

* harvest in 1993

® harvest in 1994

La - lupanine, 13-OH La-13 - hydroxylupanine, A — angustifoline

The lack of effect of the extract and its fractions on the growth of the chickens
in Experiment | (Table 3) confirms the results of Bednarczyk et al. (1995) on
chicken embryos. The administration of extracts and fractions also did not
depress the utilization of feed (Table 3). The ratio of feed to weight gain in
Experiment 1 was from 1.95 (group 1I) to 2.27 kg, (group I, control), and in
Experiment 2 from 2.03 {group II) to 2.11 {group 1V-V1) and 2.08 in the control
group.

The obtained results do not explicitly indicate the negative effect of the
administration of compounds isolated from lupin seeds on the health status of
chickens. In both experiments small losses of birds occurred in the groups
receiving extract from var. Mirela lupin seeds. The relatively high percentage of
deaths in Experiment 1 in several of the experimental groups, in particular in the
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control group, was not caused by pathological changes. The largest number of
deaths was recorded between weeks 0 and 3 (Table 3). The growth performance
of the chickens indicate the absence of any effect of fractions A, A, A,, A, and
A, isolated from the extract from bitter lupin seeds var. Mirela.

The level of the thyroid hormones: triiodothyronine (T) and thyroxine (T,) in
the peripheral blood serum of the chickens in most of the experimental groups
differed from the control birds, though, due to high individual variation the
significance of the difterence was not confirmed (Table 4). The content of T, was
the lowest in group I (0.60) which obtained the fraction containing sugars (A;)
and the highest in group IV (2.55 nmol/l) which received alkaloid hydro-
chlorides. The content of T, ranged from 89 in group IV to 293 nmol/l in group
VI (extract from var. Emir). The closest to the control group were the indices
obtained in group II (fraction A,) which may indicate that alkaloids in natural
form do not affect the level of either of the hormones. The results are partly
compatible with the results of Kliber et al. (1994) who found that the
administration per os to tats of extract and fraction A, from bitter
L. angustifolius affects the secretion of insulin, thyroxine and trilodothyronine
and that the effect seems to be caused not only by alkaloids. The compatibility of
our results and those of the above cited author concern the effect of fraction A,
administered to group IV in Experiment 2, on the level of hormones. Possible
disturbances of homeostasis caused by the above could have affected the growth
of the broilers (statistically significant slightly lower body weight of the chickens
of this group). The administration of extract from Mirela lupin seeds (group V)
affected the hormone level and growth of the birds to a lower degree than fraction
A (group IV).

Statistically significant differences between the level of both hormones in the
embryonic blood of control group and those treated with extracts or some of the
fractions from var. Mirela and Emir lupim were also found by Bednarczyk et al.
(1995). The ratio of T, to T, (Table 4) differed the most between group V1(0.006)
and II (0.005) and the control group (0.017). This observation is difficult to
explain since both groups received the extract from sweet lupin var. Emir and
“sugar” fraction A,, respectively.

TABLE 4
T, and T, contents in blood scrum
Indices Groups
I H i v v VI
T, 1.93+1.21 1.58+0.75  0.60+0.34 2554075 2.02+£1.32 1151014
T, 167477 175+ 161 1L +39 89448 134+ 81 2931209

TyT, 0.017 0.014 0.005 0.040 0.025 0.006
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The number of erythrocytes (RBC) in the blood of the chickens did not differ
significantly between the groups (2.23-2.51 x 10°%/mm”), though the RBC level in
all experimental groups was slightly higher than for the control birds. Haemo-
globin (Hb) content was from 7.81 to 8.50 g% and haematocrit from 27.3 to
29.1%. The absence of significant differences in Hb and RBC as well as of any
difference in mean blood cell volume indicates that the extracts or [ractions used
did not have any negative effect on the red blood cell count of the birds. Thisisin
agreement with the studies of Bednarczyk et al. ( 1995) who did not find any
negative effect of var. Mirela lupin extract on RBC and Hb level in embryonic
blood. Tt was, however, found that salis of the alkaloids (A ) reduced content of
both these blood components compared to the control group. Due to high
individual variation of white blood cell count, the differences between groups
were statistically insignificant (Table 5). The number of leukocytes differed very
little among groups (16.0-17.8 x 10°/mm?), except for group V (24.0 10°/mm?)
which received extract from var. Mirela lupin seeds. At the same time the
percentage of lvmphocytes in the blood of the birds of this group, as well of the
birds of group IT (fraction A ). was the lowest (71.70 and 71.06%, respectively).
Leukograms of the blood of the chickens from all experimental groups revealed
increased level of basophils and eosinophils compared to the birds of the control
group.

The differences in the level of thyroid hormones (trilodothyronine and
thyroxine) and morphological composition of the blood can be regarded as
preliminary information about responsc of the chickens to the tested extracts

TABLE 5
Cellular fractions of blood (Experiment 2)
Components Groups
| 11 III v A VI

Erythrocyte, 10%/mm? 2.23 2.38 2.32 2.52 2.42 2.38
Haemoglobing, % 8.1 8.1 79 8.3 8.5 7.8
Haematocrit, % 287 28.7 28.9 28.1 28.7 27.3
Mean volume of blood cell, yum*  §30.3 121.1 124.8 116.2 119.3 116.0
Disck blood, 10*/mm’ 257 19.9 19.7 22.9 23.9 27.1
Leucocyte, 103/mm*® 17.2 16.8 17.1 16.0 24.0 17.8
Leucogram. %

Lymphocytes 73.56 71.06 76.60 76,9 71,70 74,10

Heierophils 19.45 1R.61 14.3 15.2 17.5 16.7

Basocytes 1.26 3.85 240 341 3.01 2.68

Eosinophils 1.09 1.54 1.78 2.08 2.57 2.98

Monocytes 475 494 5.04 2.45 5.38 3.79

A, B-P<00l;a, b-P<g0.05
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from L. angustifolius var. Mirela and Emir seeds and fractions of var. Mirela
lupin extracts. In the case of the extracts the effects could be caused both by
alkaloids as well as by other compounds resulting in synergic reactions. This
phenomenon requires further studies. Evaluation of the effect of the fractions is
hindered by the occurrence of the alkaloids in the form of hydrochlorides
(fraction A,), acetates or other salts, that is compounds differing from the native
forms occurring in the seeds. Interpretation of the results is also difficult due Lo
differences in alkaloid content in extracts of the same variety (Mirela) of
L. angustifolius in Experiments 1 and 2.
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STRESZCZENIE

Wplyw podawania kurczgtom ekstraktow z nasion lubinu o réinej zawartodci alkaloidow oraz
frakeji ekstraktu z ubinu gorzkiego na tempo wzrostu, poziom hormonéw oraz obraz krwi ptakow

Kogutom typu brojler od 3-8 tygodni odchowu podawano per os ckstrakt i izolowane, roznigee
sie skladem chemicznym frakcje ckstraktn (Ay-A;) z nasion lubinu gorzkiego L. angustifolius v.
Mirela (dosw. 1) oraz ckstrakt 1 wybrane [rakeje (A,. A,, A;) z nasion tej odmiany, a takze ekstrakt
z ubinu stodkiego v. Timir (doéw. 2). Uzyte w doswiadczeniach ekstrakty z fubina gorzkicgo ze zbioru
zdwach kolejnych lat roznily si¢ zawartodeig alkaloidéw. Ekstrakty i frakcjc nic wplyngly njemnic na
wzrost, zuzycie paszy i stan zdrowotny kurczat. Jedynie w doSw. 2 [rakcja A (chlorowedorki
alkaloidow), pochodzaca z ekstraklu o wigkszej vawarlodci alkaloidow, spowodowala zmniejszenie
(P < 0,01) przyrostow masy ciala kogutow.

Poziom T, w surowicy krwi obwodowej byl najnizszy u kurczat oirzymujacych frakeje z cukrami
{A,), a najwyzszy w grupic otrzymujycej chlorowodorki alkaleidow (Aj), poziom T, byt najwyzszy
u kurczat oirzymujgeych ekstraki # tubinu stodkiego. Ekstrakty i frakcje nie miaty wptywu na obraz
czerwonokrwinkowy, w lenkogramach krwi stwierdzono natomiast wystgpowanie nieukicrun-
kowanej zmiennoéci, z wyjatkiem zawartosci bazofili i eozynofili, ktérych udzial we krwi kurczat
z grup doswiadcezalnych byl wyzszy niz u ptakéw grupy kontrolngi.





