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ABSTRACT

A study was carried out with the objective of determining the haematological and blood biochemical 
parameters in sheep and goats with plastic bags in the rumen for a period of 42 days. This was to indi-
cate the possible influence of plastic bags in the rumen on blood parameters. 16, one-year old castrate 
Dorper sheep with a mean body weight of 26.8 kg (± 0.3 kg) and 16 one-year old castrate small East 
African goats with a mean weight of 24.5 kg (± 0.3 kg) were used for the study. The 16 sheep and 
16 goats were divided into 4 groups of 4 animals each (n = 4). Three groups of each species were 
implanted with 129 g, 258 g and 387 g of plastic bags, respectively, in the rumen through rumenot-
omy and the fourth group of each species was control on which rumenotomy was done but with no 
implanting of plastic bags. Blood samples were obtained by jugular venipuncture from all sheep and 
goats every 2 weeks for analysis. The only haematological parameter that had significant change was 
platelets, which significantly (p < 0.05) increased in both sheep and goats with plastic bags in the 
rumen. However, mean values of erythrocytes, packed cell volume, haemoglobin and mean corpus-
cular volume decreased but not significantly in the sheep and goats with plastic bags in the rumen. 
The sheep and goats with plastic bags in the rumen had hyponatraemmia, hypochloridaemia and 
decreased aspartate aminotransferase enzyme activity. The changes observed in haematological and 
biochemical parameters could be an indication of adverse effects on the production and well-being 
of sheep and goats that ingest these plastic bags. These finding may be of diagnostic importance in 
cases of rumen impaction with indigestible foreign bodies, particularly, plastic bags.

Original scientific paper. Received 24 Apr 17; revised 02 Nov 17

Introduction
The rumen is the largest compartment of the 
fore stomachs in ruminants (Radostitis et al., 
2009). Over 80% of the energy supply for sheep 

and goats is obtained through the fermentation 
of feed materials in the rumen (Randall et al., 
2002).  Interferences with the process of fer-
mentation and absorption of volatile fatty acids 
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mean corpuscular haemoglobin concentration 
(MCHC) have also been reported (Akirinmade 
and Akirinde, 2012).  However, Bakhiet (2008) 
found significant increase in mean corpuscular 
haemoglobin (MCH) and mean corpuscular 
haemoglobin concentration (MCHC) indica-
tive of microcytic hyperchromic anaemia in 
sheep impacted with foreign bodies in Sudan.
Serum biochemical changes described in sheep 
and goats whose rumen were impacted with in-
digestible foreign bodies include decreased se-
rum chloride, sodium, potassium, calcium, glu-
cose and total proteins (Igbokwe et al., 2003; 
Akirinmade and Akirinde, 2012). However, 
these reports were on parameters of animals 
that died, in which the duration of impaction 
and the type of material causing the impaction 
were not clearly stated.
      Plastic bags or polythene bags are the most 
common indigestible materials ingested by 
sheep and goats (Omidi et al., 2012; Sileshi 
et al., 2013; Otsyina et al., 2014). The prev-
alence of these plastic bags in the rumen of 
small ruminats has been described in different 
geographical regions of the world (Roman and 
Hiwot, 2010; Sileshi et al., 2013). Phenome-
nal rise in prevalence of rumen impaction with 
plastic bags has been associated with increased 
demand and use of these bags in urban and ru-
ral areas (Ghurashi et al., 2009; Tesfaye et al., 
2012).
However, the effect of plastic bags in the rumen 
on the physiology of sheep and goats, which is 
indicative of the wellbeing of the animals, has 
not been fully elucidated and remains highly 
speculative. For instance, the quantities of plas-
tic materials in the rumen producing clinical 
effects on the animals is not known. Also the 
time taken for such effects to be manifested has 
not been reported. The paucity of information 
in this respect is due to the fact that small ru-
minants are considered to be more selective in 

as a result of accumulation of indigestible for-
eign bodies in the rumen deprives the animal 
of valuable nutrients for its survival (Igbokwe 
et al., 2003). Rumen impaction resulting from 
ingestion and accumulation of indigestible for-
eign bodies is reported to be one of the most 
common causes of gastrointestinal disorders in 
sheep and goats (Abdullahi et al., 1984; Rados-
titis et al., 2009). 
      A number of factors have been incrimi-
nated as predisposing factors for ingestion of 
indigestible foreign materials by sheep and 
goats. These include starvation during long pe-
riods of feed scarcity (Igbokwe et al., 2003), 
mineral and nutritional deficiencies (Radostitis 
et al., 2009), depraved appetite due to contin-
uous exposure to indigestible materials (Vijaya 
et al., 2012) and environmental pollution with 
non-biodegradable materials (Hailat et al., 
1997; Abdullahi et al., 2004; Gurashi et al., 
2009). Clinical symptoms of impaction of the 
rumen with indigestible foreign bodies in sheep 
and goats are reported to vary widely from mild 
indigestion to life threatening systemic signs 
(Gyang, 1991; Otsyina et al., 2016). However, 
complications depend on the nature and quan-
tity of the foreign bodies (Calfee and Manning, 
2002), as well as the duration of impaction.  	
         Changes in haematological and biochem-
ical parameters are indicators of physiological 
disturbances and pointers to various disease 
conditions and have been used both at clinical 
and subclinical levels to provide diagnostic 
and prognostic aid in some disease conditions 
(Jain, 1980). Haematological changes associat-
ed with clinical impaction of the rumen with 
indigestible foreign bodies in small ruminants 
include significant decrease in haematocrit, 
haemoglobin and erythrocyte counts (Elsa and 
Oneyili, 2002; Daramola et al., 2005; Bakhiet, 
2008; Akirinmade and Akirinde, 2012). De-
crease in mean corpuscular volume (MCV) and 
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their feeding and therefore less likely to ingest 
large quantities of foreign materials compared 
to cattle (Hailat et al., 1997). This paper reports 
the haematological and biochemical changes 
associated with presence of specific quantities 
of plastic bags in the rumen of sheep and goats 
for a period of 42 days and also compares these 
effects between the two animal species.

Materials and methods
Ethical approval
Animal use was approved by the Biosafety, 
Animal use and Ethics Committee (BAEC) of 
the Faculty of Veterinary Medicine, University 
of Nairobi, Kenya, according to international 
standards of animal use in research; clearance 
certificate number: 11250313. 

Experimental animals
The experimental animals included 16 one 
year-old castrated Dorper sheep and 16 one 
year-old castrated small East Africa goats. The 
sheep had a mean body weight of 26.8 ± 0.3 
kg with average body condition score of 3.5 
± 0.5 (on a scale of 1-5), while the goats had 
mean body weight of 24.5 ± 0.3 kg and average 
body condition score of 3.0 ± 0.5 (on a scale 
of 1-5). The animals were housed in groups 
of four (4) for the whole period of the exper-
iment and allowed 6 weeks to acclimatize to 
the environment and feed. The animals were 
subjected to routine physical examination over 
the acclimatization period to note any signs of 
disease.        	            

    The animals were assigned to 4 experimen-
tal groups for each species (n=4), using strati-
fied random sampling based on body weight of 
the animals, such that the mean weight of ani-
mals in each of the experimental groupings was 
not statistically different. Three of the groups, 
had 129g, 258g and 387g of plastic bags respec-
tively, implanted into the rumen. Rumenotomy 

procedure was done as previously described by 
Hendrickson (2007). The fourth group for each 
species, both sheep and goats served as control, 
on which rumenotomy was done but no plastic 
bags were implanted in the rumen. The plastic 
bags implanted were the non-perforated small 
soft polythene bags (KEBS Industries Ltd, Nai-
robi, Kenya). Each poly bag measured 167 mm 
x 290 mm in size, 30 micrometers thick and 
a packet of 100 pieces weighed 129 g.  These 
were the most common type of plastic bags 
found in the rumen of sheep and goats during 
an abattoir study carried out prior to this study 
(Otsyina et al., 2015). The sheep and goats in 
all the groups were monitored daily for a peri-
od of 42 days’ post implantation. Blood Sam-
ples for haematological and biochemical anal-
ysis were collected from all sheep and goats by 
jugular venipuncture before and after implan-
tation of the plastic bags into the rumen which 
was considered as day 0, and thereafter on days 
14, 28 and 42.

Haematological analysis 
Blood for haematology was collected from each 
animal into 5ml vacutainer tubes (BD Vacutain-
ers Systems, Plymouth, UK), containing di-po-
tassium salt of ethylenediaminetetraacetic acid 
(EDTA) powder as an anticoagulant. Haema-
tological analysis was done using the Auto an-
alyzer MELET SCHLOESINL (MS) 4 (Melet 
Schloesinl Laboratories, ONSY, France). 
White blood cell (WBC) differential counts 
were done manually under a light microscope, 
from thin blood smears stained with Giemsa 
stain as describe by Cheesbrough (2000).

Serum biochemical analysis
Blood for biochemical analysis was collected 
from each animal into a 10ml vacutainer tubes 
without anticoagulant. The blood samples were 
allowed to stand on the bench between 45 min-
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utes and 1 hour for adequate clotting. Serum 
was separated by centrifuging each sample at 
3000 rpm for 3 minutes. The serum was then 
transferred into 1.5 ml vials and stored at -20oC 
until analyzed. Serum biochemical analyses 
were done using the Humalyzer 2000 spectro-
photometer (Human Gesellschaft fur Biochem-
ica und Digonostica, Wiesbaden, Germany). 

Statistical analysis
The data obtained were subjected to student’s 
t-test (GraphPad Prism Statistical Software, 
Inc, California, USA). Means and standard er-
rors were calculated for comparison of values 
at day 42 with those of day 0 as well as control 
groups. Significance was set at p < 0.05.

Results
Changes in haematological parameters in the 
sheep 
Haematological parameters of sheep whose 
rumen was implanted with plastic bags in the 
rumen and those of the control are presented on 
Table 1. Mean values of red blood cell (RBC) 
count, packed cell volume (PCV), haemoglo-
bin (Hb), mean corpuscular haemoglobin con-
centration (MCHC), white blood cells (WBC) 
count and lymphocyte count decreased slightly 
in sheep implanted with 129 g of plastic bags. 
The decrease in RBC, PCV, Hb, MCHC and 
WBC were observed on day 42. The mean val-
ues of mean corpuscular volume (MCV), plate-

let (PTL), neutrophils and eosinophils for this 
group increased over the study period. The ob-
served changes in the haematological parame-
ters were not significantly different compared 
with the mean values before implantation of 
the plastic bags in the rumen as well as those of 
the control (Table 1).
        In the sheep whose rumen were implant-
ed with 258 g of plastic bags, mean values of 
RBC, Hb and MCV decreased while the values 
of MCH, MCHC and PTL increased over the 
study period. But all the changes in the mean 
values of various blood parameters, except 
PTL were, however, not statistically significant 
(p > 0.05) when compared with mean values at 
day 0 as well as the control. These values also 
did not differ from those of the sheep with 129 
g of plastic bags in the rumen (Table 1).
      For the sheep whose rumen was implanted 
with 387 g of plastic bags, the mean values of 
RBC and MCV decreased slightly, while the 
mean values of MCH, MCHC, PTL, WBC, 
lymphocytes, neutrophils and eosinophils in-
creased slightly at day 42. Changes in the mean 
values of PCV and MCV were inconsistent 
over the period.  They also did not differ sig-
nificantly from those of the sheep with 129 g 
and 258 g of plastic bags, except that the PTL 
significantly increased in the sheep in these 
groups (Table 1).
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TABLE 1
Mean (± S.E.M) haematological values of sheep implanted with 129 g, 258 g and 387 g 

of plastic bags in the rumen for 42 days

Parameters

Quantity of  plastic bags

0 g (Control) 129 g 258 g 387 g

Day 0 Day 42 Day 0 Day 42 Day 0 Day 42 Day 0 Day 42

RBC (M/µL) 9.42 ± 0.14 8.74 ± 0.38 9.0 ± 0.3 7.8 ± 0.5 10.2 ± 0.5 6.9 ± 1.3 9.3 ± 0.0 6.7 ± 1.3
Hb (g/dL) 10.88 ± 0.13 10.58 ± 0.72 9.5 ± 0.2 8.8 ± 0.6 11.2 ± 0.5 9.5 ± 1.3 10.6 ± 0.3 9.5 ± 1.3
PCV (%) 28.98 ± 0.66 26.63 ± 1.42 26.4 ± 1.1 23.9 ± 2.2 29.6 ± 1.4 27.2 ± 4.2 27.1 ± 0.5 27.2 ± 4.2
MCV (fL) 29.20 ± 1.06 30.43 ± 0.56 29.1 ± 0.3 31.3 ± 0.3 29.6 ± 0.7 28.5 ± 0.7 30.3± 0.7 28.5 ± 0.7
MCH (pg) 11.05 ± 0.09 11.98 ± 0.32 11.1 ± 0.1 10.4 ± 0.3 10.9 ± 0.2 11.7 ± 0.6 10.5 ± 0.2 11.7 ± 0.6
MCHC(g/dL) 37.98 ± 0.86 39.60 ± 0.78 36.9 ± 0.1 36.4 ± 0.9 37.5 ± 0.7 41.4 ± 1.5 34.0 ± 2.8 41.4 ± 1.5
PTL (103/µL /µl) 249.8 ± 36.15 206.3 ± 16.63 160.3 ±51.4 253.3 ± 41.1* 221.8 ± 39.5 240.0 ± 34. 2* 271.5 ± 42.0 240.0 ± 34. 2*
WBC (103/µL /µL) 13.21 ± 3.87 8.27 ± 0.61 8.5 ± 1.55 5.74 ± 0.43 6.00 ± 0.61 8.24 ± 1.1 10.57 ± 1.8 8.24 ± 1.1
Lymphocytes (103/µL) 36.50 ± 4.41 44.50 ± 7.22 47.5 ± 6.1 46.3 ± 5.4 49.5 ± 4.3 35.7 ± 4.7 50.3 ± 8.6 35.7 ± 4.7
Neutrophils (103/µL) 62.75 ± 3.83 55.00 ± 7.08 51.6 ± 6.5 53.3 ± 5.2 50.3 ± 4.1 60.0 ± 5.2 49.8 ± 8.7 60.0 ± 5.29
Eosinophils (103/µL) 0.00 ± 0.00 0.00 ± 0.00 0.0 ± 0.0 0.7 ± 0.7 0.0 ± 0.0 0.7 ± 0.7 0.0 ± 0.0 0.7± 0.7
Monocytes (103/µL) 0.25 ± 0.25 0.00 ± 0.00 0.0 ± 0.0 0.3 ± 0.3 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0
Basophils (103/µL) 0.50 ± 0.50 0.00 ± 0.00 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0
Nucleated RBCs (mm3) 0.00 ± 0.00 0.00 ± 0.00 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0 0.0 ± 0.0

Key: 	 RBC: red blood cells; PCV: packed cell volume; Hb: haemoglobin concentration; MCV: mean cor-
puscular volume; MCH: mean corpuscular haemoglobin; MCHC: mean corpuscular haemoglobin 
concentration; PTL: platelets; WBC: white blood cell. 
*Differences in mean values significant at 95% level (p < 0.05) (from baseline values and control).

Changes in haematological parameters in the 
goats 
Haematological parameters of the goats whose 
rumen were implanted with plastic bags and the 
control are presented in Table 2. The goats, im-
planted with 129 g of plastic bags had signifi-
cantly (p < 0.05) lower mean values of RBC, 
PCV, MCH and PTL in blood samples collect-
ed at day 42 compared to day 0 and the control 
(Table 2). The mean values of WBC, lympho-
cytes and neutrophils had a slight decrease, but 
these did not significantly differ from the mean 
values at day 0 or the control. (Table 2).

Changes in blood biochemical parameters in 
the sheep
Biochemical parameters for the sheep implant-
ed with plastic bags and the control are present-
ed on Table 3. For the sheep whose rumen were 
implanted with 129 g of plastic bags, there was 

a significant (p < 0.01) decrease in the mean 
values of chloride (Cl) in blood samples col-
lected at day 42 post implantation. This is an 
indication that the mean values of chloride had 
decreased from an initial value of 144.3 ± 10.5 
mg/dL to 64.0 ± 4.9 mg/dL (Table 3). Mean 
value of aspartate aminotransferase (AST) at 
day 42 was higher than at day 0 as well as that 
of the control, but not statistically significant 
(Table 3). A non-significant decrease was also 
observed in the mean values of glucose in this 
group of sheep at day 42 post implantation.                                 	
         In the group of sheep implanted with 258 
g of plastic bags, a decrease in mean value of 
sodium was observed by day 42; the mean had 
decreased significantly (p < 0.05) from 132.7 
± 5.7 mmol/L at day 0 to 95.7 ± 5.3 mmol/L 
by day 42. The mean value of AST had also 
decreased significantly (p < 0.001) from 360.1 
± 95.6 UI/L at day 0 to 261.1 ± 84.7 UI/L at day 
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42. A significant decrease (p < 0.001) was observed in the mean value of chloride, from 138.2 ± 
24.5 mg/dL at day 0 to 41.0 ± 7.7 mg/dL.  
 

TABLE 2
Mean (± S.E.M) haematological values of goats implanted 

with 129g, 258g and 387g of plastic bags in the rumen for 42 days

Parameters

                                                  Quantity of  plastic bags

0g  (Control)                 129g                 258g               387g

  
 Day 0

  
Day 42

  
 Day 0

 
 Day 42

   
Day 0

   
Day 42 Day 0 Day 28

RBC (M/µL) 13.35 ± 0.32 13.40 ± 0.67 13.26 ± 0.21 10.13 ± 0.62* 13.10 ± 0.19 14.09 ± 0.21 15.10 ± 0.65 16.25 ± 1.20

Hb (g/dL) 9.93 ± 0.18 9.23 ± 0.34 9.75 ± 0.12 7.75 ± 0.61 9.35 ± 0.26 10.63 ± 0.38 9.90 ± 0.32 9.86 ± 0.12
PCV (%) 21.35 ± 1.45 21.20 ± 1.13 21.85 ± 0.85 16.50 ± 1.51* 21.45 ± 0.32 22.23 ± 0.24 24.23 ± 1.04 25.15 ± 0.88
MCV (fL) 15.40 ± 0.48 7.75 ± 0.61 16.03 ± 0.68 16.30 ± 0.58 16.03 ± 0.26 16.58 ± 0.38 16.15 ± 0.05 16.13 ± 0.18
MCH (pg) 7.63 ± 0.45 6.86 ± 0.21 7.35 ± 0.77 7.60 ± 0.15* 6.53 ± 0.75 7.43 ±  0.18 6.53 ± 0.11 6.20 ± 0.15
MCHC(g/dL) 46.98 ± 2.67 43.65 ± 1.35 46.13 ± 3.91 47.05 ± 1.07 40.83 ± 0.95 49.08 ±  1.28 40.33 ± 0.57 38.15 ± 0.89
PTL (103/µl) 273.0 ± 65.92 217.8 ± 33.53 221.8 ± 58.98 104.0 ± 16.45* 207.0 ± 31.08 257.5 ± 62.04* 170.0 ± 7.67 176.5± 14.16
WBC (103/µ/L) 14.97 ± 2.00 11.84 ± 0.90 14.16 ± 1.25 14.22 ± 2.72 9.24 ± 1.24 15.53 ± 1.05 13.14 ± 0.33 12.89 ± 2.16
Lymphocytes (103/µL) 43.50 ± 5.81 53.50 ± 1.85 48.25 ± 4.80 47.25 ± 10.09 44.50 ± 3.86 44.00 ± 3.16 44.75 ± 4.31 44.00 ± 2.48
Neutrophils (103/µL) 55.25 ± 3.77 50.25 ± 5.36 55.25 ± 4.31 52.25 ± 10.13 51.75 ± 4.80 58.50 ± 2.50 56.50 ± 5.81 63.75 ± 7.77
Eosinophils (103/µL) 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00
Monocytes (103/µL) 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00
Basophils (103/µL) 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00
Nucleated RBCs (mm3) 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00

                                                                                                                                                                                     
Key: 	 RBC: red blood cells; PCV: packed cell volume; Hb: haemoglobin concentration; MCV: mean corpus-
cular volume; MCH: mean corpuscular haemoglobin; MCHC: mean corpuscular haemoglobin concentration; PTL: 
platelets; WBC: white blood cell.
Differences in mean values significant at 95% level (p < 0.05) (from baseline values and control).

TABLE 3
Mean (± S.E.M) biochemical values of sheep implanted with 129g, 258g 

and 387g of plastic bags in the rumen for 42 days

Parameters

            Quantity of plastic bags
      0g (Control)                129g                 258g             387g

Day 0 Day 42 Day 0 Day 42 Day 0 Day 42 Day 0 Day 42
Calcium (mg/dL) 9.8 ± 0.5 9.0 ± 0.5 9.2 ± 0.7 9.4 ± 0.9 10.5 ± 0.2 9.2 ± 0.1 8.3 ± 1.1 8.7 ± 0.8
Sodium (mmol/dL) 126.9 ± 7.7 161.9 ± 16.1 129.1 ± 8.7 168.5 ± 12.3 132.7 ± 5.7 95.7 ± 5.3* 150.4 ± 21.1 86.9 ± 1.1*
Potassium (mmol/dL) 5.5 ± 0.3 3.9 ± 0.3 5.3 ± 0.2 6.0 ± 0.4 6.17 ± 0.1 5.6 ± 0.6 4.5 ± 0.4 5.3 ± 0.8
Phosphorus (mg/dL) 6.2± 0.5 4.4 ± 0.2 6.0 ± 0.6 5.3 ± 0.2 6.5 ± 0.1 5.0 ± 0.3 6.1 ± 0.2 3.8 ± 1.4
Chloride (mg/dL) 145.7 ± 8.5 145.3 ± 33.6 144.3± 10.5 64.0± 4.9** 138.2 ± 24.6 41.0 ± 7.7** 147.8 ± 11.6 41.8 ± 1.4 ***
AST (UI/L) 339.4 ± 74.5 346.7 ± 64.7 311.3 ± 91.6 393.7 ± 47.3 360.1 ± 95. 261.1± 84.7 *** 260.2 ± 35.3 101.0± 9.2 ***
ALT (UI/L) 26.9 ± 9.6 21.8 ± 10.5 17.4 ± 3.1 21.4 ± 2.8 17.4 ± 0.7 21.7 ± 5.8 28.7 ± 1.9 16.3 ± 3.9
Total bilirubin (mg/dL) 0.2 ± 0.0 0.14 ± 0.0 0.6 ± 0.1 0.1 ± 0.0 0.3 ± 0.5 0.1 ± 0.0 0.3 ± 0.07 0.2 ± 0.0
Direct bilirubin(mg/dL) 0.1 ± 0.1 0.08 ± 0.0 0.1 ± 0.0 0.10 ± 0.0 0.1 ± 0.1 0.1 ± 0.0 0.00± 0.0 0.2 ± 0.1
BUN (mg/dL) 15.6 ± 0.6 18.4 ± 1.0 17.2 ± 2.0 18.2 ± 3.2 17.8  ± 4.9 17.6  ± 4.9 37.7 ± 0.6 27.7 ± 0.7
Creatinine (mg/dL) 1.4 ± 0.9 1.4 ± 35.1 1.4 ± 0.1 1.4 ± 0.3 1.3 ± 0.1 1.6 ± 0.9 1.4 ± 0.1 1.4 ± 0.2
Albumin (mg/dL) 32.9 ± 2.2 41.3 ± 0.6  35.8 ± 30.3 47.1 ± 5.7 36.3 ± 3.7 35.1 ± 1.7 32.1 ± 1.2 36.7 ± 4.5
Total protein (mg/dL) 70.5 ± 3.7 62.9 ± 6.5 75.7 ± 11.7 61.9 ± 2.2 60.3 ± 18.1 67.1 ± 3.5 63.9 ± 1.7 67.8 ± 5.9
Glucose (mg/dL) 81.5 ± 1.5 83.8 ± 9.1 80.7 ± 3.8 65.8 ± 4.6 87.4 ± 5.6 68.7 ± 7.4 85.1 ± 4.1 70.2 ± 5.3

                                                                                                                                                                                                                      
Key: AST: aspartate aminotransferase; ALT: alanine aminotransferase; BUN: blood urea nitrogen.
*Differences in mean values significant at p < 0.05 (from baseline values and control).
** Differences in mean values significant at p < 0.01 (from baseline values and control).
*** Differences in mean values significant at p < 0.001 (from baseline values and control).
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to 68.7 ± 7.4 mg/dl in these animals; a trend 
similar to what was observed in the group of 
sheep with 129 g of plastic bags.
          In the sheep implanted with 387 g of plas-
tic bags, a significant (p < 0.05) decrease in the 
mean value of sodium was observed from 150.4 
± 21.1 mmol/L at day 0 to 86.9 ± 1.1 mmol/L at 
day 42. Significant (p < 0.001) decreases were 
observed in the mean values of chloride and 
Aspartate aminotransferase (AST). Chloride 
decreased (p < 0.001) from a mean value of 
147.8 ± 11.6 mg/dL at day 0 to 41.8 ± 1.4 mg/
dL at day 42, while AST decreased (p < 0.001) 
from 260.2 ± 35.3 UI/L at day 0 to101.0 ± 9.2 
UI/L at day 42 (Table 3). The decrease in the 
mean values of sodium, chloride and AST were 
also significantly different (p < 0.001) from the 
mean values of the control. Mean values of glu-
cose decreased but not significantly (p ˃0.05) 
from 85.1 ± 4.1 to 70.2 ± 5.3 mg/dl similar to 
what was observed in sheep with 129 g and 258 
g of plastic bags in the rumen.

Changes in blood biochemical parameters in 
the goats 
Biochemical parameters in the goats whose ru-
men were implanted with plastic bags and the 
control are presented in Table 4. For goats in 
group implanted with 129 g of plastic bags, the 
mean value of sodium decreased significantly 
(p < 0.001) from 236.1 ± 7.6 mmol/L at day 0 
to 165.6 ± 32.2 mmol/L at day 42. Mean val-
ue of chloride also decreased significantly (p < 
0.001) from 109.1 ± 27.0 mg/dL at day zero to 
67.1 ± 26.9 mg/dL at day 42 (Table 4). These 
changes in the mean values of sodium and 
chloride were significantly (p < 0.001) differ-
ent from the mean values in the control. 
        In the group of goats implanted with 258 g 
of plastic bags, mean values of calcium signifi-
cantly (p < 0.001) decreased from 261.4 ± 5.7 
to 184.0 ± mg/dL, chloride from 104.3 ± 25.2 

to 59.0 ± 27.0 mg/dL, AST from 184.9 ± 42.4 to 
543.2 ± 34.8 UI/L at day 42 post implantation. 
These changes in the mean value were also sig-
nificantly (p < 0.001) different compared to the 
control. The mean value of glucose increased 
significantly (p < 0.001) from an initial value 
of 62.4 ±10.0 mg/dL at day 0 to 124.7 mg/dL at 
day 42 in these group of goats (Table 4).
       In the group of goats whose rumen were 
implanted with 387 g of plastic bags, mean val-
ues of sodium and chloride decreased signifi-
cantly (p < 0.001), while the values of AST and 
glucose increased (p < 0.001) by day 42 post 
implantation of the plastic bags. Mean value of 
sodium decreased from 279.0 ± 30.2 mmol/L 
at day 0 to 184.0 ± 11.3 mmol/L, while mean 
values of chloride decreased from 107.8 ± 34.3 
mg/dL at day 0 to 51.0 ± 29.4 mg/dL at day 42. 
The mean value of AST increased from 140.4 
± 9.0 IU/L at day 0 to 497.3 ± 21.9 IU/L by day 
42, while the mean values of glucose signifi-
cantly increased from 73.7 ± 6.5 mg/dL at day 
0 to 124.7 ± 5.5 mg/dL by day 42 (Table 4).

Discussion
The slight decrease observed in mean values 
of RBC, PCV, Hb and MCV compares closely 
with the significant decrease reported previous-
ly in sheep that had clinical impaction of the 
rumen after natural ingestion of indigestible 
foreign bodies (Akirinmade et al., 1988; May-
er et al., 1992; Bakhiet, 2008). However, it is 
neither reported of the length of time these in-
digestible materials had been in the rumen nor 
the quantity that was present. 
         The findings further contrast the increase 
in MCV and MCHC reported previously in 
sheep found with plastic bags in the rumen in 
slaughter houses (Bakhiet, 2008).

Effect of Ruminal Plastics...
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TABLE 4
Mean (± S.E.M) biochemical values of goats implanted with 129 g, 258 g 

and 387 g of plastic bags in the rumen for 42 days

Parameters

Quantity of plastic bags
-

       0g  (Control)                   129g                 258g                387g

Day 0 Day 42 Day 0 Day 42 Day 0 Day 42 Day 0 Day 42

Calcium (mg/dL) 9.3 ± 0.9 7.5 ± 0.3 11.3 ± 0.8 6.9 ± 0.3 9.2 ± 0.3 6.7 ± 1.2 8.7 ± 0.3 11.9 ± 0.8
Sodium (mmol/dL) 282.1 ± 18.6 293.8 ± 19.0 236.1 ± 7.6 165.6 ± 32.2*** 261.4 ± 5.7 108.6 ± 7.1*** 279.0 ± 30.2 184.0 ± 11.3***
Potassium (mmol/dL) 4.7 ± 0.9 5.3 ± 0.4 4.7 ± 0.2 4.1 ± 0.1 4.5 ±0.3 3.5 ± 0.1 1.2 ± 0.0 2.5 ± 0.1
Phosphorus (mg/dL) 6.2 ± 0.3 4.8 ± 0.5 5.5 ± 0.8 5.6 ± 0.95 5.4 ± 0.8 3.7 ± 0.2 3.7 ± 0.4 4.0 ± 0.9
Chloride (mg/dL) 392.2 ± 3.8 416.5 ± 37.5 109.1 ± 27.0 67.1 ± 26.9*** 104.3 ± 25.2 59.0 ± 27.0*** 107.8 ± 34.3 51.0 ± 29.4***
AST (UI/L) 159.4± 15.9 167.2 ± 23.4 148.9 ± 4.6 167.1 ± 23.4 184.9 ± 42.4 543.2 ± 34.8*** 140.4 ± 9.0 497.0 ± 21.9***
ALT (UI/L) 31.6 ± 5.4 34.7 ± 6.1 28.9 ± 2.1 31.9 ± 5.4 37.3 ± 9.8 57.0 ± 8.4 16.8 ± 4.0 34.8 ± 5.2
Total bilirubin (mg/dL) 0.3 ± 0.0 0.2 ± 0.0 0.3 ± 0.1 0.3 ± 0.0 0.3 ± 0.2 0.5 ± 0.1 0.2 ± 0.0 0.8 ± 0.0
Direct bilirubin(mg/dL) 0.6 ± 0.0 1.1 ± 0.6 0.3 ± 0.1 0.0 ± 0.0 0.2 ± 0.8 0.4 ± 0.0 0.2 ± 0.0 0.3 ±0.0
BUN (mg/dL) 17.0 ± 1.1 18.2 ± 1.6 16.8 ± 5.3 28.5 ± 0.6 17.0 ± 1.7 28.0 ± 0.8 28.3 ± 0.9 18.8 ± 0.7
Creatinine (mg/dL) 2.7 ± 0.2 1.2 ± 0.0 1.1 ± 0.2 0.9 ± 0.0 1.17 ± 0.7 0.40 ± 0.0 11.9 ± 6.5 1.6 ± 2.3
Albumin (mg/dL) 26.2 ± 4.4 26.1 ± 2.1 23.0 ± 5.6 26.3 ± 1.2 29.3 1.6 25.9 ± 3.5 27.7 ± 0.4 29.7 ± 2.1 
Total protein (mg/dL)  62.1 ± 1.0 71.9 ± 2.1 65.4 ± 9.6 59.6 ± 5.1 64.0 ± 1.0 28.9 ± 4.1 69.4 ± 0.2 25.3 ± 4.3
Glucose (mg/dL) 53.1 ± 3.5 56.0 ± 3.20 57.8 ± 4.62 46.3 ± 6.8 62.4 ±10.7 122.0 ± 20.1*** 73.7 ± 6.5 124.7 ± 5.5***

Key: AST: aspartate aminotransferase; ALT: alanine aminotransferase; BUN: blood urea nitrogen; n: – number   
of goats.

   *Differences in mean values significant at p < 0.05 (from baseline values and control).
   ** Differences in mean values significant at p < 0.01 (from baseline values and control).
   *** Differences in mean values significant at p < 0.001 (from baseline values and control).

The variations could probably be attributed to 
differences in duration of rumen impaction as 
well as quantities of materials within the rumen 
between the current study and in reports of pre-
vious studies. 

The significant changes in mean values 
of RBC, PCV and MCH observed in the goats 
with low quantity of plastic bags in this study, is 
in contrast with some previous reports indicat-
ing that impaction of the rumen with indigest-
ible foreign bodies did not have any significant 
effects on the haematological parameters of the 
affected animals (Igbokwe et al., 2003; Mozaf-
fari et al., 2009; Raoofi et al., 2012). Signifi-
cant decrease in the values of these parameters 
have previously been reported in goats with 
indigestible foreign bodies (Elsa and Oneyili, 
2002; Akirinmade & Akirinde, 2012). Howev-
er, in those previous reports, the type of indi-
gestible foreign bodies as well as their duration 

in the rumen were not determined. Animals 
have a compensatory mechanism for accelerat-
ed production of RBCs in some situations and 
infections (Daramola et al., 2005).  It has also 
been reported that increased PCV may occur 
due to contraction of the spleen as a result of 
increased levels of catecholamine which occur 
in stressful situations (Jain, 1986) and rumen 
impaction could be such a type of situation. 
In the current study, the sheep and goats were 
euthanized earlier than time would probably 
allow for significant changes to occur in hae-
matological parameters as previously reported 
(Akirinmade et al., 1988; Remi-Adewunmi et 
al., 2004; Akirinmade & Akirinde; 2012). 

The higher mean values of platelets in 
sheep whose rumen were impacted with plastic 
bags than in the control may be attributed to 
stress. Stress may have triggered synthesis or 
release of more platelets into circulation (Jain, 
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1986). However, the differences in platelet 
fluctuations in sheep and goats may be species 
variations in response to stress from impaction 
of the rumen. The responses of platelet to ru-
men impaction in sheep and goats has not been 
previously reported. The lack of significant 
changes seen in total and differential WBC 
counts in the current study are similar to previ-
ous reports in sheep and goats showing clinical 
impaction of the rumen with indigestible for-
eign bodies in natural ingestion of these materi-
als (Mozaffari et al., 2009; Raoofi et al., 2012). 
This is probably because there was no infection 
or invasion by infective agents hence no phys-
iological need for WBC production. However, 
goats appear to be more affected than sheep, 
even with less severe impaction of the rumen.
       The observation of hyponatraemia in the 
goats is converse to the findings by Akinrin-
made & Akirinde (2012) who reported no 
changes in serum sodium levels in goats whose 
rumen were naturally impacted with foreign 
bodies.  However, Igbokwe et al., (2003) report-
ed low levels of serum sodium in sheep whose 
rumen had natural occurring impaction with 
indigestible foreign bodies, which is similar 
to observations in the current study.  In these 
previous studies, the quantity and duration of 
indigestible foreign bodies in the rumen were 
not reported. The hyponatraemia could be due 
to anorexia, reduced feed intake, and/or loss 
of sodium in the urine and faeces (Ward et al., 
1993; Radostits et al., 2009). Low sodium lev-
els often occur in ruminants as a result of gas-
trointestinal losses through diarrhoea (Kaneko 
et al., 2008). Diarrhoea was one of the clinical 
symptoms observed in the animals implanted 
with plastic bags in the rumen and was more 
severe in the goats than the sheep. The animals 
also lost their appetite, which affected intake 
from the mineral salt licks that were provided. 
The cellular ionic sodium pump may have been 

compromised or obstruction of the passage of 
ingesta, subsequently leading to unavailability 
of nutrients in the impacted animals. 
     The low levels of serum chloride in sheep and 
goats implanted with plastic bags may be due to 
persistent anorexia throughout the experiment 
(Sethuraman & Rathore, 1979). Hypochlorae-
mia occurs in gastrointestinal tract obstruction, 
which results in failure of abomasal emptying 
with subsequent electrolyte sequestration in the 
abomasum including chloride ions (Radostits 
et al., 2009). The plastic bags implanted into 
the rumen did not only result in impaction and 
anorexia but also obstruction of the passage of 
ingesta. This subsequently led to unavailability 
of nutrients including chloride and was more 
severe in the sheep than goats.
        The possible reason for higher values of as-
partate aminotransferase observed in goats im-
planted with plastic bags could be degenerative 
or necrosis of the liver due to toxins from the 
damaged rumen mucosa (Gary, 2002) and as 
well as pressure atrophy of the liver. Elevations 
in AST are usually associated with necrosis of 
the cells of the liver, cardiac and skeletal mus-
cles (Kaneko et al., 2008). All these organs and 
tissues were grossly affected in animals implant-
ed with plastic bags in the rumen.  Variations 
in the levels of aspartate aminotransferase in 
the serum of either sheep or goats with rumen 
impaction or indigestible foreign bodies in the 
rumen have not been previously reported. The 
low mean value of aspartate aminotransferase 
enzyme observed in the animals may have been 
influenced by low protein and energy balance 
levels due to inappetence that was observed in 
the sheep and the goats implanted with plastic 
bags in the rumen. Protein and energy balance 
levels have been associated with low levels of 
aspartate aminotransferase (Truchlinsky & 
Grela, 1987). 
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      The increased serum glucose levels ob-
served in goats implanted with plastic bags in 
this study may be due to the systemic stress in-
duced by clinical rumen impaction leading to 
release of adrenocorticoids, which have glycog-
enolytic effect, causing hyperglycemia (Kaneko 
et al., 2008). In rumen impaction, volatile fatty 
acids are not synthesized in sufficient quanti-
ties to meet the animal’s energy demand. So the 
animal depends on oxidation of glucose rath-
er than volatile fatty acid metabolism (Kaneko 
et al., 2008). Similar findings of high serum 
glucose levels have been reported in buffaloes 
impacted with rumen foreign bodies (Hussain 
& Uppal, 2012). However, low serum levels of 
glucose have also been reported in goats (Akin-
rinmade & Akirinde, 2012) and cattle (Llewel-
lyn, 1976) impacted with foreign bodies in the 
rumen, though the quantity of material impact-
ing the rumen and duration of impaction were 
not reported. The hypoglycaemia in rumen 
impaction was attributed to high levels of free 
fatty acids and cholesterol associated with inad-
equate intake of feed, water deprivation and de-
creased glucose synthesis (Ramakrishna, 1994). 
This could possibly account for the slightly low 
serum glucose observed in the sheep in the cur-
rent study. 

Conclusion
Presence of plastic bags in the rumen caused 
changes in some haematological parameters in 
both sheep and goats. This was accompanied 
by hyponatraemia and hypochloridaemia in 
both species of animals. There were also in-
creased levels of aspartate aminotransferase 
activity. These changes in haematological and 
biochemical parameters could be clinically sig-
nificant in the well-being of small ruminants 
with plastic bag in the rumen. 
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