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ABSTRACT

Nine healthy non-pregnant Rahmani, ewes were used in this study to
evaluate the effect of copper and cadmium chloride as heavy metals on water intake,
ruminal enzymes and nutrient digestibility. The animals were divided into three
groups. The first group was fed 400-g concentrate mixture and 20 g DM/kg LW of hay
and used as a control group. Whereas the second and third groups were fed the same
diet but the concentrate was treated with CuCl; and CdCls, respectively daily just
before feeding, CuClz or CdCl; solution (5-mmol/L) was sprayed on the weighed .
amount of concentrate (400 g/h/d). Diets were fed once daily. Drinking water
significantly (P? 0.05) increased in the ewes received copper or cadmium
contaminated diet. Copper and cadmium decreased significantly (P?0.01) urease
activity, whereas no significant differences were observed in the case of alanine
aminotransferase (ALT), aspartate aminotransfarase (AST), and gamma-glutamyl
transferase (GGT) activities. The activity of all ruminal enzymes studied was
significantly affected by cadmium treatment; both ALT and AST activities were
significantly increased (P70.01) while the GGT activities were significantly decreased
(P?0.05).Ruminal ammonia concentration was significantly decreased (P?0.05) by
copper or cadmium chloride treatment. Lower values were obtained in the copper
treated diet animals, but without significant difference (P?0.05) with cadmium treated
diet. Ruminal pH and total VFA concentrations were unaffected (P70.05) by treating
the diets with both heavy metals. Copper or cadmium treated diets had decreased
significantly (P?0.05) branched-chain VFAs (isobutyric and isovaleric acids), acetic
and butyric acids concentrations and had no significant effect on propionic and valeric
acids. Treating diets with heavy metals (copper or cadmium) resulted in reduction in
the digestibility coefficients of all nutrient components except nitrogen free extract.
Results of the present study indicating that, in sheep, eating diets contaminated with
copper or cadmium (5-mmol) could increase water consumption, negatively affect
several ruminal enzymes activity and nutrient fermentation.

Keywords: copper, cadmium, water intake, ruminal enzymes, VFA, digestibility,
sheep.

INTRODUCTION

Wastes produced from factories and cars have many heavy metals
that could contaminate air, soil, and waterways. Heavy metals such as
copper and mercury have altered the agricultural environment. Jencik et al.
(2001) reported that soil and plant biomass sample analyses from localities
situated maximally 10 km from the copper and formerly mercury producing
factories showed significant soil and biomass contamination by mercury,
lead, cadmium, copper, and zinc ions. Magnesium-processing industry
pollutes its surrounding by magnesium fly ash that may increase the risk of
oversupply of this ion for exposed animals.
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Copper is an essential element required for the goat and other
species for a number of biochemical functions. Copper stimulates growth in
swine and alters lipid metabolism in steer (Engle and Spears 2000). Resuits
of Odenkirchen et al. (1994) showed that 2 g CuSO4 per animal per day is
recommended as the maximum dose for cattle to overcome copper
deficiencies. Ingestion quantities of Cu slightly higher than required may
cause accumulation in the tissues and cause haemolysis. Sheep diets
containing over 15 mg Cu/kg air-dry feed can cause copper poisoning
(Hartmans, 1975), and it is difficult for feed compounders to keep values
consistently below this limit. Problems can also arise from excessive
consumption of copper containing salt licks or the unwise use of any copper
supplementation. Chronic copper poisoning rarely occurs in grazing sheep
under natural conditions (Wiener etal., 1978). Sheep are more sensitive to
high copper supplementation than other farm animals (Allen and Gawthorne,
1987).

Cadmium is an essential microelement. Cadmium deficiency in
ruminants leads to depression of milk production, growth retardation in young
animals, muscle weakness, and reluctant to move or even death. Increased
concentration of cadmium in the body is toxic. The toxic effect of cadmium
arises from its ability to bind to protein thiol groups. Its toxicity depends on
dosage, route of administration, form, length of exposure and animal species
(Pribilincova et al., 1995).

However, many heavy metals could negatively affect ruminal enzyme
activities (Faixova, and Faix, 2002; and Spears and Hatfield, 1978), ammonia
nitrogen (Pal et al., 1998), and micrebial protein synthesis (Legath et al 1990)
in the rumen fluid. Heavy metals could also determine changes in digestibility
of feed and volatile fatty acids production in the rumen but available data are
sparse (Cacava et al., 1993).

The objective of the present study was to determine whether addition
of copper and cadmium as heavy metals (causing air, soil, and biomass
contamination in industrially exposed areas) in diets of sheep would affect:
1)- |water consumption, 2)- ruminal enzyme activities 3)- ruminal
characteristics (VFA, pH and ammonia-nitrogen concentration), and 4)-
digestibility

MATERIALS AND METHODS

Animals and diets

Nine healthy non-pregnant, non-lactating Rahmani ewes were used.
All animals were born in the same flock and were between 2 and 3 years of
age at the start of the experiment. Average live weight of the animals was
49.5£3.20 kg LW. Each animal was fitted with a permanent rumen cannula
(45-mm internal diameter) about 3 month before the start of the experiment.
All animals were housed in individual pens and had free access to water.

The animals were divided into three groups (three animals in each
group). The first group was fed on 400 g concentrate mixture (29% cotton
seed meal, 37% ground maize, 30% wheat bran, 3% limestone and 1% salt
(NaCl)) and 20 g DM/kg LW of hay and used as a control group, whereas the
second and third groups received the same diet but the concentrate was
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treated with CuCl, and CdCl,, respectively. One hundred milliliter of 5-mmol/L
CuCl, or CdCl, solution was sprayed on the weighed amount of concentrate
(400 g/h/d) and completely mixed. The concentrate mixture was treated daily
just before fed to animals and introduced first then followed by weighed
amount of hay. Chemical analyses of hay and concentrate mixture are shown
in Table (1).
Drinking water and feed intake
Data mentioned in this study are the mean values of water and feed
intake recorded along all the days of the experiments. Drinking water (L/kg
DMI) was recorded by measuring the amount of water added daily to restore
the initial level of water in the drinker. Daily feed intake (g DM/h/d)was
determined by the difference between the DM of feed introduced and refused.
Table 1: Chemical composition of roughage and concentrate mixture used (on
dry matter basis %).
Item oM CP EE NFE NDF ADF CEL HCEL
Hay 01.17 13.15 260 41.43 5745 3528 30.81 2217
Concentrate mixture'  95.80 14.00 3.98 7140 3377 1945 11.02 14.32

TConcentrate mixture contains: 29% cotton seed meal, 37% ground maize, 30% wheat
bran, 3% limestone and 1% salt (NaCl).

Ruminal enzyme activities

Determination of ruminal enzymes concentrations was carried out
according to the method described by Faixova and Faix, (2002). The ruminal
fluid was collected from each animal and strained through four layers of
cheesecloth. Copper and cadmium were separately added to 10 ml of rumen
fluid so that their final concentrations were 5 mmol/L. After the addition of
metals, each mixture was shaken and incubated for 30 min at 37 °C prior to
assaying enzymatic activity in the rumen fluid with or without heavy metal.
Alanine aminotransferase, aspartate  aminotransferase, gamma-
glutamyltransferase and urease activity were determined by the calorimetric
methods using spectrophotometric kits.
Ruminal characteristics

On two consecutive days, rumen samples were collected through the
rumen cannula of each sheep at 0,1, 3, 5,7, 9, 12 and 24 h after feeding.
Rumen fluid was strained through four layers of cheesecloth and its pH
determined immediately. One ml of rumen fluid was added to one ml of
deproteinizing solution (10% of metaphosphoric acid and 0.06% crotonic
acid; w/v) for volatile fatty acids (VFAs) determination. Twenty milliliter of
rumen fluid were acidified with twenty milliliter 0.2 mol/HCI for ammonia
nitrogen determination. All samples were stored at -20 °C until analyses were
undertaken.
Digestibility

Digestibility trial consisted of 15 days as a preliminary period followed
by 7 days as a collection period. During this period, animals were housed
separately in metabolic crates fitted with mesh floor followed by sloped-netted
separators for accurately collecting and separating feces from urine. Samples
from the feeds were taken during the collection period, dried and ground for
the chemical analysis. Feces were collected over 24-h period and
representative samples (10%) were dried, bulked, and milled for analysis.
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Chemical analysis

Dry matter in feeds and fecal samples were determined by drying at
105 °C until constant weight. Ash was determined by incinerating samples in
a muffle furnace at 500-550 °C. Nitrogen was determined according to the
Association of Official Analytical Chemists (AOAC, 1980). Neutral detergent
fiber (NDF), acid detergent fiber (ADF), cellulose (CEL) and lignin analysis
were carried out according to Goering and Van Soest (1970). Ammonia
concentration was determined according to the methods of McDonald et al.,
(1960). VFAs were determined on centrifuged samples by Gas
Chromatography as described by Ottenstein and Bartly (1971).

Statistical analysis

Statistical analysis of data was carried out according to Steel and
Torrie (1980). Significant differences were determined by Duncan's multiple-
range test (Duncan, 1955) using the Statistical Analysis System (1993) SAS
computer program.

RESULTS AND DISCUSSION

Drinking water and feed intake

Treating sheep diet with Cu or Cd increased significantly (P?70.05) the
volume of water consumed and non-significantly (P?0.05) decreased daily
feed intake (Table 2).

Table 2: Drinking water (L/kg DMI/h/d) and feed intake (g DM/h/d) of
sheep fed diet contaminated with copper (Cu) or cadmium (Cd)
at the level of 5§ mmol/L.

Diets
Item Control Cu Cd Sig.
Drinking water 5.01° 582% 6.70° «
Feed intake 1337 - 1308 1297 NS

a,b; means in the same row with different superscripts are significantly different at
(P?0.05). Sig.: Level of significant, NS: no significant.

Salinity of diets used may be the mean factor, which influence on
water requirement in sheep. We are proposed that increased water
consumption could be due to the effect of heavy metals added to the diet on
the osmolarity of animal mouth. Increased mouth osmolarity may increase the
necessity of animals to consume larger amounts of water to avoid the saline
taste felt in the mouth. Precipitate the soluble proteins of saliva by heavy
metals (Haurowitz, 1950) may be another factor which cause an astringent
bitterness of taste felt in the animal mouth and increase the water intake to
reduce this taste. Our results are in agreement with the observation of
Wilson, (1978), who reported that sheep grazing mineralized forage, e.g.,
Atriplex-dominated desert ranges, require considerably more water than
normal. The non-significant decrease in feed intake by treating diets with
heavy metals, may be attributed to the bitter taste of the feed treated with
minerals (Wilson, 1978).
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Ruminal enzyme activities

Data presented in Table 3 shows the effect of copper and cadmium
on the activity of several enzymes of rumen fluid.

In comparison with control animals, copper found to decrease
significantly (P?0.01) urease activity, whereas no significant differences were
observed in the case of ALP, AST, and GGT activities. On the other hand,
cadmium significantly affected the activity of all ruminal enzymes studied. It
had stimulated ALT (P?0.05) and AST (P?0.01) activities and significantly
decreased GGT (P?0.01) and urease (P?0.001) activities.

Table 3. Ruminal enzyme’ activities of sheep fed diet contaminated with
copper (Cu) or cadmium (Cd) at the level of 5§ mmol/L.

Diets :
Enzyms Control Cu Cd Big
ALT, (umol/L) 0.62° 064°  0.73° *
AST, (umol/L) 1.08° 1457 140" -
GGT, (umol/L) - 144 1.15° »
Urease, (ug/dL) 13.70* 3.05° 3.15° -

Tinfluence of copper and cadmium on alanine aminotransferase (ALT); aspartate
aminotransfarase (AST); gamma-glutamyl transferase (GGT) and urease activities in
rumem fluid of sheep. Each of the data points is an average of three measurements (n=3).
a,b; means in the same row with different superscripts are significantly different , Sig.:
Level of significant, NS: not significance, *= (P?0.05); **= (P70.01).

Results of the present study indicate that heavy metals could affect
several rumen enzymes. This is on the same line with the results of Garcia-
Gomez et al., (2000) who reported that copper and cadmium effect is
enzyme-specific. Also working with Prevotella ruminicola, an organism
playing a prominent role in the breakdown of peptides in the rumen,Wallace
and McKain (1996) reported that copper, chromium, and mercury, decreased
the breakdown of peptides to 15, 15 and 5% of control activity, whereas
cobalt, manganese and zinc stimulated activity by 189, 30 and 26%,
respectively. The principal source of air, soil and water contamination by
copper is caused by copper and iron manufacture. Cadmium gets into the
environment from iron foundries. Cadmium and copper, released into
atmosphere, finally accumulate in the soil and water and enter the food chain.

Cadmium and copper were found to decrease ruminal urease activity
to about 22.3 and 23% of control activity, respectively (Table 3). Similar
results were reported by Spears and Hatfield (1978) who reported that copper
and cadmium ions inhibited, in_vitro, urease activity in ewes ruminal fluid
whereas barium nickel and manganese were of stimulatory effect. Also
Fahmy et al. (1998) described the effectiveness of heavy metals
(Hg,">Cu,">Zn,">Ni,">Co,) as inhibitors of the camel rumen urease at the
concentration of 0.005 mM.

It is well known that Rumen urease hydrolyzes feed and endogenous
urea to a form of nitrogen that can be used by most rumen microorganisms.
Reducing the rate of ammonia nitrogen release from dietary urea would
decrease its utilization in ruminants (Ludden et al. 2000a; Musalia et al. 2000
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and Prasad et al. 1999). But the rumen microfiora may often be capable of
adapting to chronic administration of urease inhibitors, thereby limiting its
practical use in improving the utilization of dietary urea (Ludden et al. 2000b).

On the other hand and as can be seen from Table3 cadmium
significantly increased the ALT and AST activity in the ruminal fluid. This
stimulatory effect of cadmium on both transaminase activities might be a
result of damage to the bacterial membrane by cadmium that could lead to
release of enzymes tested into the rumen fluid Faixova, and Faix, 2002)
Ruminal characterization

Ruminal ammonia concentration, pH, and total and individual volatile
fatty acids (VFA) data were shown in Table 4.

Table 4. Ruminal characteristics® of sheep fed diet contaminated with
copper (Cu) or cadmium (Cd) at level of 5 mmol/L.

Item L Sig
Control Cu Cd i

NH3-N, mg/L 151.997 139.12° 144.77> .
pH 6.70 6.71 6.60 NS
Total VFA, mmol/L 76.89 75.78 73.72 NS

Individual VFA, mmol/L:

Acetic acid 57.11® 5529° 51.84° %
Propionic acid 13.98 14.36 14.84 NS

Butyric acid 482° 489° 568° "

Isobutyric acid 1.08° 0.88° 0.59° +
Valeric acid 0.65 0.80 0.79 NS

Isovaleric acid . 1.29" 148" 035" ”

Total isoacids 245%  207* 0094° .
Acetic, Propionic ratio 413 3.92 3.66 NS

*Data are average values for ruminal fluid samples taken at zero time (before feeding), 1, 3,
5,7, 9,12 and 24 h after feeding.

a,b; means in the same row with different superscripts significantly differ at (P?0.05). Sig.:
Level of significant, NS: no significant.

A significant decrease (P?0.05) was observed in ammonia
concentration by treated diets with copper or cadmium chloride. Lower values
were obtained in copper treated diet without significant difference (P?0.05)
with cadmium treated diet. According to the changes in ruminal ammonia
concentration along the times of sampling after feeding. It was observed that
the highest value (188 mg/L, approximately) for all treatments was at 3 h and
then dropped to 101 at 9 h and 110 at 7 h mg/L, for copper and cadmium
diets respectively (Figure 7). This negative effect of heavy metals on
ammonia concentration could be due to the capacity of metals used to inhibit
the activity of proteclytic enzymes in the rumen. Similar observation was
reported by Karr etal., (1991) who suggested that heavy metals salts might
inactivate proteolytic enzymes of selected ruminal bacteria. Rumen microbes
can synthesize enough amino acids and peptides from the inorganic nitrogen
in ammonia or other nitrogen source and carbon skeletons and sulphur
precursors. Ammonia assimilation by rumen microbes depends on rumen pH
(Veth et al. 1899), rumen ammonia concentration (Mehrez et al. 1977) and
ruminal ammonia-assimilating enzyme activity.
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Several ammonia-assimilation reactions by rumen bacteria are
known. Enzyme glutamate dehydrogenase plays an important role in
maintaining the balance between ammonia- and a-amino-nitrogen of the
rumen. Alanine represents the amino acid found in the highest concentration
in the intracellular pool of free amino acid rumen bacteria. Rumen bacteria
possess effective mechanisms for alanine synthesis from ammonia (e.q.,
alanine dehydrogenase and alanine aminotransferase). Both alanine
aminotransferase and aspartate aminotransferase belong to the most
commoen transaminases in the rumen. Glutamate concentration by rumen
bacteria depends on gamma-glutamyltransferase activity. This enzyme plays
an important role in some peptide and amino acid transfers through the
rumen wall and in the formation of an intracellular pool of glutamate as well.

Ruminal pH and total VFA concentrations were unaffected (P?0.05)
by treating the diets with both heavy metals. The behaviour of changes in
total and individual VFAs concentration along all times of sampling after
feeding are shown in Figure 2. Treating diets with copper or cadmium had
decreased significantly (P?0.05) branched-chain VFAs concentration such as
isobutyric and isovaleric acids and acetic and butyric acid concentrations in
the rumen of sheep. This effect could be due to the negative effect of heavy
metals on ruminal proteolytic enzymes that affect OM and CP digestion
(Cecava et al, 1983). Cadmium had more negative effect than copper on
ruminl VFAs concentrations. Molar proportions of propionic and valeric acids
were not affected (P?0.05) by the treatments.

Increasing metal salts in feed could increase the dilution rate of the
rumen fluid phase and negatively affect the protozoal population (Shawkat et
al., 1885). It, therefore, decrease the digestion in the fore stomach which is
later compensated for at least partially, in the lower tract (Potter et al., 1972
and Hemsley et al., 1975). Furthermore, salt intake and the associated
changes in the rumen dilution rate influence the pattern of microbial
fermentation (Hudgson and Thomas, 1975).
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Figure 1: Ammonia concentration of experimental diets fed to sheep.
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Figure 2: Total and individual volatile fatty acids (VFA) concentrations

(mmol/L) in the rumen of sheep fed the experimental diets after
different times of feeding.
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Digestibility

Treating diets with heavy metals (copper or cadmium) appeared to
reduce the digestibility coefficients of all nutrient components except nitrogen
free extract (Table 5).

Reducing feed digestibility by treating diets with heavy metals couid
be as a consequence to different factors. One of this, is inhibition effect on
the growth of ruminal microorganisms (Salem and Gohar, unpublished data)
and inhibition of ruminal enzymes and ruminal fermentation of feed. Another
factor may be the interaction of heavy metals with nutrient components
which, therefore, lead to wunavailability of nutrient OM for ruminal
microorganism’'s degradation. Similar results were observed by Squires
(1973) who found that heavy metal negatively affected nutrient digestion.
Decreased the digestibility coefficients of both crude protein and crude fiber
was also reported (Cecava, et al., 1993 and Sooud et al., 1988). This was
attributed to that excessive level of metals, which may counteract each other
at higher concentrations leading to their unavailability for rumen
microorganisms. This reaction is thought to result in the formation of highly
stable ‘compounds (insoluble compounds) that cannot be digested and
absorbed (Allen and Gawthorne, 1987).

Table 5: Digestibility coefficients (%) of sheep fed diet contaminated
with copper (Cu) or cadmium (Cd) at the level of 5§ mmol/L.

Iltem Biats sig
Control Cu Cd ;
Dry matter 82107 79.45° 72.04° ’
Organic matter 80.01* 77.20° 68.50° %
Crude protein 65.05° 61.41° 62.66° *
Ether extract 49.90° 48.18° 46.25° »
Nitrogen free extract 61.10 60.24 59.01 NS
Fiber fractions:
Natural detergent fiber 56.38% 49.67° 51.46° .
Acid detergent fiber 5429° 49.29° 4953° .
Cellulose 61.26° 57.02° 5821° x
Hemicellulose 60.61° 50.41° 54.75° *

a,b,c; means in the same row with different superscripts are significantly different at
(P?0.05). Sig.: Level of significance, NS: no significant.

CONCLUSION

Our results presented in this study indicated that, exposure of sheep
to the heavy metals dose used had increased the amount of water consumed
and negatively affected several ruminal enzymes and nutrient fermentation.
Copper and cadmium dose used played an important role in altering the feed
rumen fermentation and its digestibility.
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