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During the continual experimental application of probiotic Lactiferm a rapid decline in
methaemoglobin biosynthesis in the erythrocytes of all experimental groups was found
in pullets and laying hens Shaver Starcross. The experiments took place in an area
known for chronic concentrations of nitrates in drinking water (74 to 165 mg/l).
Methaemoglobin concentrations in the erythrocytes of laying hens were on an average
about 26% lower than the control ones.
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INTRODUCTION

Optimization of nitrogenous feed for agricultural plants is, at the present
time in the Czech Republic, highly topical. Misuse of the industrial N-fertil-
izers modifies the natural movement of nitrogen. Misuse and irresponsible
ncrease in the use of nitrogenous fertilizers can cause risky situations, which
are connected with the increase of nitrate and nitrite levels in both surface
and underground water (Petr, Dlouhy, 1992). Agricultural produces use,
according to circumstances 10-90% of applied N-fertilizers. Citing the work
of Stibral (1986), Koudela et al. (1990) reported that in CSFR 25%
recorded the peak of harvest which reached on the level of 220% contamina-
tion of ground water by nitrates. Hence, it formed a nitrate load on the
agrosystem, which could be analyzed in free living and domestic animals.

Nitrites are by far dangerous than nitrates and are produced by intestinal
microbial reduction. The danger of nitrites in vertebrates consists, apart from
other reasons, in haemoglobin oxidation to methaemoglobin (MHb). MHb-
biosynthesis results from the transformation of the double bonded iron (fer-
rous) into triple bonded one (ferric form), which is not capable of riversibly
binding and releasing oxygen. MHb was described by Gamgee (cit.
Koudela, 1991), some 125 years ago (1868). The complete reaction for MHb
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formation, which has not been up to now fully elucidated, was expressed by
Yano etal (1982) as follows:

4 HbOy + 4 NO2 + 4 H — > Hb® + 4 NO3 + O + 2 H20

In erythrocytes a small quantity of MHb is continuously formed, which is
gradually reduced to haemoglobin. The human blood usually contains the
total haemoglobin concentrations, not exceeding 0.1 to 1% MHb. An increase
in MHb concentration is termed methaemoglobinaemia. At the present, it has
been studied and the existence of MHb was causally found in humans, par-
ticularly in suckling human infants, and domestic animals, for instance
horned cattle. In other animal species, information on MHb dynamic concen-
trations is very scarce, be it in domestic or free living animals.

For the past 15 years, an extensive study of the dynamics of methaemo-
globinaemia in domestic fowl, turkey-hen, dogs, pigs, common carp and from
free living animals, hare, wild rabbit and pheasant, was carried out. In some
conditions, it was found as a useful common indicator, the field hare, which
represents a territorial faithfulness, because of its connection to agrobio-
cenosis in an exclusive area of 300 m* (Koudela, 1991).

Stimulative results obtained through monitoring the nitrates load on agro-
ecosystem by using free living animals, led us, in 1980 (Koudela, 1991),
to include MHDb to the paletot of blood indicatory constituents during analysis of
metabolic responses in domestic fowl when screening non-traditional sources of
proteins and energy for poultry feed.

There is no knowledge about interactions HMb biosynthesis in pullets and laying
hens during the experimental continual feeding of lactacidogenic microbes. The
research has been aimed at explaining possible influences of probiotics Lactiferm.

MATERIAL AND METHODS

Experiments took place at the Common Farm for Eggs Production (SZP)
Markovice (Agrokomplex Kutnd Hora). Specification about experimental ani-
mals, nutrition, housing, research goals (Koudela, Nyirenda, 1995).

It is very interesting, that water sources near the town Céslav, the Kutna
Hora district, are marked by high concentrations of nitrates and nitrites,
whose source is the dung from piggeries from nearby state farm within the
same area of Cdslav. Up to 1983, the nitrates concentrations in drinking water
of Markovice ranged around 50 mg/l and rose three times higher (100-150 mg/1)
at the time when our experiment began.

The concentrations of nitrates, nitrites, haemoglobin and methaemoglobin
in the control and experimental pullets and laying hens were determined
according to exact methods (Homolka, 1971).
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RESULTS

The area of the Markovice is marked by high nitrates (NO3) concentrations
in drinking water. These concentrations were between 74 ar}d 165 mg/l at the
time of our experiment. To determine these concentrations, 21 samples
(Tab. I) were examined. Average nitrate concentrations (104 £ 27 mg/l) re-
corded during our experiment was the double of the tolerated (50 mg/l) level.

| Nitrates and nitrites concentrations in drinking water at SZP Markovice (mg/l)

i Date of analysis Samples NOj NO,
1 165 traces
2 97 traces
3 76 not found
‘ 19. 6. 1989 4 152 traces
| 5 120 traces
‘ 6 114 not found
7 74 traces
1-7 114 £35.15
8 83
20. 9. 1989 9 115
8+9 99 + 22.62
20. 10. 1989 10 80 0.01 |
11 124 not found
12 149 traces
1 13 116 traces
1-13 135+ 17.78
24. 1. 1990 14 92 not found
15 90 0.25
16 94 not found
bt e 17 92 not found
15-17 92 +£2.382 |
18 75 traces
19 87 traces
25.5. 1990 20 92 not found
21 81 traces
18-21 84 +7.36
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1. Dynamics of nitrates concentrations in drinking water

Nitrate concentrations did not fall below the maximal allowed concentrations of
50 mg/l (Fig. 1). It is worth mentioning that some traces of nitrites as well as some
high levels of nitrate concentrations (0.25 + 0.01 mg/l) were recorded (Fig. 2).

It is of no doubt that, increased level of nitrates as well as nitrite contami-
nations of drinking water, could not be the cause of haemoglobin (Hb) de-
gradation to harmful MHb.

Haemoglobin concentrations, in layer pullets erythrocytes (Tab. II) ranged
between 6.92 and 11.00 mmol/l and reached the basic physiological values
(Sturkie, 1976; Mehner, Hartfiel, 1983).

Haemoglobin concentrations between experimental and control groups
did not show any significant difference. The only statistical significance
(P < 0.05) was recorded in EI group at the age of 101 days. (Fig. 3).

I1. Dynamics of haemoglobin concentrations in pullets (mmol/l)

Age Group e
n Cl El €2 E2
days = - - = =
x s v% X s v% X K v% X s v%
S e

39 | 7.53 | 1.45 19 9431 1.62 17 11028 1.99 19 | 982|122 12
101 | 9.27 | 9.72 8 |11.00] 1.04 9 9.27| 0.63 7 19.00 | 142 ] 16
133 | 880 | 1.36 | 15 8.88| 1.56 18 6.92] 0.22 3 | 7.48 | 0.62 }1

1 i T
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2. Dynamics of nitrites concentrations in drinking water

ssting intake of drinking water with high nitrate concentration caused
e of significant MHb concentrations in pullets (Fig. 4) of the ex-
| as well as control groups at 101 days of age. We also observed that
between 1/4 to 1/5 of haemoglobin was oxidized to MHb (Tab. IIL, Fig. 5).
lobin concentrations in laying hens summarizes Tab. IV.
interesting situation notified here is that the continuous feeding on
actiferm influenced both abrupt variations in MHb concentrations
nd its remarkable decline in concentrations in all experimental
of laying hens (Tab. V).

cs of methaemoglobin concentrations in pullets (rel. % in haemoglobin)

Group

lnl o« El c2

| X T & V% x ]!‘ s v x s V%
17 | 538| 049| 8 | 298| 011| 4 | 153

22 |2430|11.72| 48 |2597|8.50 | 32 |19.73

14 |10.16] 2.56| 25 |13.46| 7.81 | 58 8.98
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3. Dynamics of haemoglobin concentrations in pullets
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4. Dynamics of methaemoglobin concentrations in pullets
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5. Dynamics of haemoglobin concentrations in laying hens

IV. Dynamics of haemoglobin concentrations in laying hens (mmol/l)
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Age Group
in Cl El c2 E2
g x s v% x s v% x s v% x s v%
227 | 627 | 1.10 | 17 | 6.07 | 0.38 6 | 613|068 1 6.10 | 0.6 9
297 | 7.12 | 0.21 3 | 702|137 19 | 687 | 0.09 1 7.0 | 05 8
346 | 638 | 1.05 | 16 | 5.69 | 0.62 | 11 |6.21 052 8 6.16 | 0.3 5
L‘l57 7.01 1089 | 13 | 721|052 7 Jayers sent to slaughter house
V. Dynamics of methaemoglobin concentrations in laying hens (rel. %)
Age | o Group
d;{;g o El @ _®
‘_\_JL s v % s v% X \ v% x s v%
227 ll‘)‘l} 0.81 4 115.03 | 095 6 |1547] 225 | 14 {1556 1.12 | 17
297 ‘. 6.60| 350 | 53 | 280|061 | 22 | 253|045 | 13 | 4.00| 0.10 | 0.25
346 11330 2.85 | 21 9.80 | 0.70 7 | 940|245 26 | 9.96 ul()‘ 17
QTLJ‘“ S5 1 203 | 17 | 987|335 | 34 layers sent to slaughter house
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6. Dynamics of methaemoglobin concentrations in laying hens

DISCUSSION

MHb concentrations ranged, in control pullets, during the whole period
under studies, between 1.8 and 38.5 relative percentage of the total haemo-
globin quantity (C1 + C2 = 14.48 + 9.77 rel. %). A lower level of MHb
concentrations was recorded in experimental pullets that ranged between 1.3
and 34.8rel. % (El + E2 = 11.68 & 8,67 rel. %). In total, MHb concentrations
in the two experimental groups were approximately 20% lower than in both
control groups of pullets.

Ef] laying hens, the results obtained on Hb concentrations did not show any
deviations from the basic physiological values. Due to organizational reasons,
we were able to collect, during the fourth blood collection, on 11. 9. 1990,
blood samples from control group of laying hens and one experimental (E1)
group only. The rest of laying hens had already been taken for slaughtering.

MHb concentrations were always, in control layers, higher in contrast with
?hose in experimental layers. MHb concentrations in the erythrocytes of lay-
ing hens fed on Lactiferm during both breeding and rearing period, were, on
average about 25.88% lower than in the control layers. Laying hens fed on
Lactiferm supplemented feed mixtures during the rearing period only, showed
an average of 27.75%. MHb concentrations in the erythrocytes of layers fed
on Lactiferm in feed mixtures starting from 150th day of bird’s life, were, 0
average, about 22.16% lower in contrast with control laying hens.
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the whole period of experiment, that is to say during a continual

Lor
qplzi(il*ii‘“"*”‘ of probiotics Lactiferm during breeding as well as rearing period,
;Xa,»mnui MHDb concentrations decline in experimental groups, on an average
of about 20% (C — 1375 +7.92 X E - 10.89 + 7.16 rel. %).
4 Experime wtal application of Lactiferm contributed to the removal of the

danget and harmful hypoxic anaemia which was provoked by an intake

L oy = = . . . . . 1ot

of drinking with extreme high nitrite concentrations and the resulting
f Hb to the inefficient MHb.

~gradation O
L/Dn

CONCLUSIONS

nents took place in an area known for chronic concentrations of
n drinking water (74 to 165 mg/l). Sensitively reacted red blood
. niement, to the exogenic intake of nitrates, which degrades to
slobin (MHDb). It was found, during a continual application of pro-
biotics Lactiferm, a rapid decline in MHb concentrations in all experimental
pullets and laying hens. MHb concentrations in the erythrocytes of
fed on probiotics Lactiferm during both breeding and rearing

nen

period were on average about 25.88% lower than in the control laying hens.
In the

ythrocytes of laying hens fed on Lactiferm, only during the rearing
; difference was on average 27.75%. In the third experimental
°h teceived Lactiferm continually in feed mixtures through the
from the so-called 150th day of life, average MHb concentra-
re about 22.16% lower compared to the control layers.
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KOUDELA, K. o NYIRENDA, C. C. S. (Ceskﬁ zeméd@lskd univerzita, Agronomickg
fakulta, Praha, Ceskd republika; University of Lusaka, Zambia):

Vlivy probiotika Lactiferm na biosyntézu methemoglobinu u kufic a nosnic.
Scientia Agric. Bohem., 26, 1995 (3): 209-218.

Experimentdlni kontinudln{ aplikace probiotika Lactiferm kuficim a nosnicim se
uskuteénila v prostfedi chronicky zatiZeném dusi¢nany. Jejich koncentrace v pitng
vodé kolisaly v rozsahu 74 a7 165 mg/l, tzn. dvakrdt aZ tfikrdt pfevySovaly maximalng
tolerované mnoZstvi dusi¢nand (50 mg/l). Dusi¢nany pfijaté s pitnou vodou jsou
mikroflérou ve stievé degradovdny na dusitany, které podmifiuji tvorbu nebezpecného
methemoglobinu (MHb). Vznik MHDb vyvoldvd anemickou hypoxii a ndsledny deficit
molekuldrniho kysliku. Kontinudlni aplikace laktacidogennich zdrodkl obsaZenych
v probiotiku Lactiferm se projevila zajimavou ochranou erytrocytl kufic i nosnic
proti oxida¢nim dc¢inkéim dusi¢nand a dusitant.

Koncentrace hemoglobinu v erytrocytech kufic i nosnic dosdhly zdkladnich fyzio-
logickych hodnot. U obou pokusnych skupin kufic se sniZily ve srovndni s kontrol-
nimi kuficemi koncentrace MHb, pfi¢emZ u kufic ve véku 101 dni byl tento pokles
statisticky vyznamny (P < 0,05). Také u nosnic se aplikaci probiotika Lactifermu
snizily u pokusnych zvifat koncentrace MHb, a to v priméru o 20 %. Pozoruhodny
je signifikantni pokles koncentrace MHb u viech pokusnych nosnic ve véku 297 dnf,
a to pfiblizné na polovi¢ni hodnoty ve srovndni s nosnicemi kontrolnimi.

Gallus domesticus; kufice; nosnice; vyZiva; probiotika; Lactiferm; krev; erytrocyty;
hemoglobin; methemoglobin
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