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Abstract

The surge in human population has increased the need for more cattle and their products as a
source of food and other human needs. Unfortunately, fetal wastage due to the slaughter of
pregnant cattle is a bane to achieving this. The present study aims to provide information on
fetal characteristics of slaughtered pregnant cows at different stages of gestation. Two hundred
and ten (210) fetuses from seven breeds of slaughtered pregnant cows at different stages of
gestation were collected from Ibadan Central Abattoir between June and August 2019. Fetal
morphometry was done using the tape rule and Vernier calliper, while the gestational age of the
fetuses was determined using the formula X = 2.5 (CRL + 21) days where X is the gestational
age, CRL is the crown-rump length in centimetres. Twenty-seven (27) samples of amniotic
fluid were collected from slaughtered pregnant cows for progesterone assay and biochemical
tests using standard procedures. Fetal wastage and economic assessments were carried out.
Fetal crown-rump length and eye-socket length show the highest (R? crown-rump length =
0.999) and least (R? eye-socket length= 0.851) relationship with age of gestation. The
association between age and fetal morphometry in all the breeds was significant, where, the R?
value among all breeds was found to be 1.00, except for the Sokoto Gudali breed (R? = 0.996).
Red Bororo shows the strongest positive relationship between the age of gestation and the
biparietal diameter (R? = 0.979). Progesterone levels were high in the first and third trimesters.
The potassium level increased non-significantly with the age of gestation. Contrarily, the total
protein, albumin, sodium, and glucose levels decreased, though non-significantly with age of
gestation. There was a huge fetal wastage and high economic loss, valued at ¥13,650,000
monthly. Fetal characteristics remain a reliable biometric parameter in the determination of
gestation age in cattle, and fetal wastage due to pregnant cattle slaughter has negative
reproductive and economic implications.
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been estimated with annual growth rates
that are too low to satisfy the requirements
of the increasing human population (FAO
2014). Research findings revealed that the
Nigerian cattle industry generates USD 6.8
billion of a potential USD 20 billion
annually (Bénard et al., 2010). Meat and

Introduction

Livestock are a source of food and their
products are used as animal feed, clothing,
shelter, weapons, utensils and industrial
items (Church 1993). Nigeria’s livestock
(cattle, sheep and goat) populations have
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meat products provide a means for reducing
malnutrition and increasing household food
and food security (Babatunde et al., 2017).
Ninety-nine per cent of global cattle are
utilized for meat and other products such as
hides and skins which are processed into
leather before being used (Liu 2009; AFRIS
2010). However, the increasing human
population is an indication that more cattle
for meat production will be needed.
Unfortunately, the slaughter of pregnant
cattle leading to fetal wastage is a bane to
achieving this much-needed increase
(Ngbedea et al., 2012). Fetal wastage
accounts for 20-25% fall in livestock
production in  sub-Saharan  Africa
(Chaudhari and Paul-Bokko, 2000;
Ngbedea et al., 2012), in addition to huge
economic losses have been reported (Alhaji
2011; Ngbedea et al., 2012; Dunka et al.,
2017). The composition of the fetal

Materials and Methods

Animal source and collection

The study was carried out at the Ibadan
Central Abattoir, Amosun, Oyo State. Data
on the total number of cattle slaughtered
including pregnant cows and fetuses were
collected daily

Fetal morphometry

The fetuses were collected immediately
after slaughter and transported to the point
where  measurements  were  taken.
Parameters such as crown-rump length
(CRL), weight, bi-parietal diameter(cm),
fore- and hind-limb lengths (cm), eye-
socket length (cm), and tail length (cm)
were determined (Kouamo ef al., 2018).

Determination of Fetal Age
The age of the fetus was determined
according to Noakes et al. (2009) as shown

below:

X =2.5(Y +21); X = age of fetus in days,
and Y = CRL in cm.

amniotic fluid and maternal serum was
reported previously (Khadjah et al., 2017;
Essawi et al., 2020)

Despite the various reports on the
magnitude of fetal wastage (Cadmus and
Adesokan, 2009; Idahor et al, 2009;
Ibironke, 2010; Alhaji 2011), the
challenges still linger. There is a need to
have up-to-date information on the fetuses
evacuated during the slaughter of pregnant
cattle in the Abattoirs. This will allow for
easy assessment of the reproductive and
economic implications. Therefore, this
study aims to provide information on
fetuses at different stages of development
and generate data for the basic composition
of amniotic fluid at different stages of
gestation.

Ampniotic fluid biochemistry

The levels of total protein, albumin,
globulin, and glucose were determined in
the amniotic fluid using a standard
diagnostic kit (DIALAB®, Austria). The
glucose liquid colour kit (Human -
Gesellschaft  fur  Biochemica  und
Diagnostica mbH, Germany). TECO®
diagnostics test kits were used to determine
both sodium and potassium levels. For
progesterone  determination, 10ml of
amniotic fluid was collected from each of
the randomly selected 27 slaughtered
pregnant cows into plain sample bottles.
The samples were then transported with the
use of an iced-pack cooler and stored at
4°C. The progesterone level was
determined

as described by the manufacturer
(CALBIOTECH) using a progesterone-
enzyme conjugate solution Kkit.

Calculation on the economic implication of
fetal wastage

Taking the average market price of cattle
(M/tropical livestock unit) to be ¥240,000
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as reported by Sosina (2020) and the
calculation on the economic losses was
determined.

Results

Two hundred and ten samples were
collected from seven breeds of cows; White
Fulani (41%), Sokoto Gudali (28.1%),
Adamawa Gudali (10.5%), Red Bororo
(10%), Red Fulani (7.6%), Kuri (2.4%), and
N’dama (0.5%), at the Ibadan Central
Abattoir. The samples were collected from
an equal number of male and female
fetuses.

Fetal morphometry

Seven fetal morphometric parameters were
measured as shown (Table 1). The fetuses
were grouped by periods of 30 days to show
the mean age in these periods. According to
the findings of this study, an average fetus
in Ibadan Central Abattoir within 241-270
days has a crown-rump length of
78.79£2.47cm, body weight of
16.90+2.05kg, biparietal diameter of
41.59+1.99cm, hind limb length of
60.33£2.22cm, fore limb length of
50.03+2.67cm, tail length of
36.47+4.19cm, and eye-socket length of
2.16+0.44 (Table 1).

Secondary data from the Abattoir shows
that 71.43% of all fetuses evacuated during
slaughter were in the second trimester
(Figure 1). Tables 2 - 7 show the variation
that exists across breeds with the
gestational ages of the fetuses. It was
observed that fetal gestational ages (91-
120, 121-150, 151-180, and 181-210 days)
were seen in more than one breed, and
compared with observable fetal
morphometries (Table 2). There was an
increased value in the fetal morphometries
of the Sokoto Gudali breed with other

Statistical analysis

The data were expressed as mean =+
standard error mean (SEM) and analysis
was done using student t- test and analysis
of variance (ANOVA) with SPSS software
package version 20.

breeds for gestational ages 91-120 days
(Table 2). Similarly, the Kuri, White
Fulani, and Adamawa Gudali have
increased mean values of the fetal
morphometries for gestational ages 121-
150, 151-180, and 181-210 days,
respectively (Tables 3 - 5). There was no
particular  pattern  for  the  fetal
morphometries in gestational ages 211-240
and 241-270 days for all the breeds (Tables
6-7).

Gestational age correlations with fetal
morphometries

In Tables 8 - 9, there was a strong positive
and significant correlation between fetal
gestational age and crown-rump length
(r=1.000), biparietal diameter (r=0.984),
hind limb length(r=0.985), fore limb length
(r=0.985), tail length (r=0.964), eye-socket
length (r=0.923), and body weight
(r=0.943). Despite this positive and
significant correlation, the variation that
exists among the various breeds was not
significant (Tables 8 - 9).

Biochemistry of the Amniotic Fluid

Twenty-seven samples were collected from
fetuses in the three trimesters (2, 16, and 9
in the first, second, and third trimesters of
pregnancy, respectively). There was no
significant difference (p>0.05) in the
fetuses’ amniotic fluid progesterone, total
protein, albumin, globulin, glucose,
sodium, and potassium levels in all three
trimesters (Table 11).

Observable morphological features based
on gestational age
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Physical observation revealed that the
number of morphological features in the
fetuses increased from two to fourteen as
the fetal age increased (Table 10). The fetus
with the least gestational age was in the
third month, and at this stage, claw bud and
scrotum were the only observable features.
An estimated 10.5% of fetuses evacuated in
the abattoir were in the 7% month of
gestation with additional morphological
features (Table 10). At the 8" and 9%
months of gestation, equal morphological
features were noticed on the fetuses.

Fetal wastage

In figure 1, 210 fetal samples (0.48%,
71.43%, 2.09% at Ist, 2nd, and 3rd
trimester, respectively) were collected from
the Abattoir in two months and used in this
study. This translates to an average fetal
wastage of 105 fetuses per month and 1260
fetuses per year. An average slaughtered
cattle cost 240,000 Naira in the abattoir.
This amounts to an economic wastage of
25,200,000 million Naira monthly and
annual financial losses of 302,400,000
million Naira.

Table 1: Fetal morphometric parameter with gestational ages

Fetal Fetus age (days)

parameter | (61-90) (91-120) (121-150) (151-180) (181-210) (211-240) (241-270)
Sample 1 33 71 46 22 19 18

size

BW 0.00 0.62+0.31 1.424+0.46 3.08+0.84 6.93+1.67 11.48+2.23 16.90+2.05
CRL 11.50 23.1242.77 33.46+3.47 44.0843.59 | 56.91+3.30 66.95+90 78.79+2.47
BPD 6.50 15.7842.03 21.43+1.82 26.75£2.26 | 32.98+2.21 37.67£2.12 | 41.59+1.99
HLL 5.00 13.1242.26 20.52+3.55 29.03+£3.57 | 41.91+524 | 53.53+4.38 | 60.33+2.22
FLL 3.00 10.98+2.03 16.65+2.43 23.73£2.94 | 34.50+4.64 | 42.97+4.17 | 50.03+2.67
TL 3.00 8.71+1.26 12.08+2.07 16.5742.14 | 23.64+2.75 | 30.97+£3.36 | 36.47+4.19
ESL 0.00 0.02+0.05 0.23+0.19 0.62+0.40 1.53+0.42 1.88+0.31 2.16+0.44

BW = Body weight (kg), CRL = Crown-rump length (cm), BPD = Biparietal diameter (cm), HLL = Hind
limb length (cm), FLL = Fore limb length (cm), TL = Tail length (cm), ESL = Eye-socket length (cm)

Table 2: Fetal morphometry with age of gestation (91-120 days)

Fetal parameter 91-120days

Adamawa Gudali Red Bororo White Fulani Sokoto Gudali N’dama
Total Sample 5 3 19 5 1
BW 0.46+0.20 0.50+0.36 0.66+0.35 0.76+0.11 0.20
CRL 22.86+0.69 20.50+2.60 23.05+2.47 26.40+1.34 17.00
BPD 14.50+2.00 14.67+1.53 15.84+1.58 18.38+0.80 11.50
HLL 12.80+1.25 11.00+£2.65 13.13£2.12 15.50+0.87 9.00
FLL 11.20+1.64 9.67+2.31 10.71£1.97 13.14+0.55 8.00
TL 8.86+0.77 8.17+1.44 8.55+1.12 10.14+0.22 5.50
ESL 0.02+0.04 0.00 0.03+.0.07 0.00 0.00

Table 3: Fetal morphometry with age of gestation (121-150 days)
Fetal parameter 121-150days
Adamawa Kuri Red Bororo Red Fulani White Sokoto

Gudali Fulani Gudali
Total Sample 8 4 3 3 28 25
BW 1.23+0.51 1.68+0.25 1.53+0.91 1.27+0.21 1.46+0.38 1.41+0.52
CRL 31.69+3.35 | 36.00+1.83 31.50+5.63 34.67+0.58 | 34.32+3.34 | 32.74+3.47
BPD 20.31+1.83 | 23.12+2.25 | 21.17+3.31 22.00£1.00 | 21.71£1.69 | 21.18£1.66
HLL 18.94+3.04 | 22.13+3.47 | 20.33+£5.86 20.50+1.32 | 21.79+£3.89 | 19.38+2.83
FLL 15.44+2.58 | 18.754£3.40 17.33+4.93 16.33+£0.58 17.10+£2.24 | 16.14+2.08
TL 11.81+1.28 | 13.7541.71 12.33£2.08 11.50£1.50 12.17+2.75 | 11.84+1.43
ESL 0.14+0.11 0.40+0.82 0.23+0.32 0.37+0.12 0.28+0.22 0.18+0.15
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Table 4: Fetal morphometry with age of gestation (151-180 days)

Fetal parameter 151- 180days
Adamawa Red Bororo Red Fulani White Fulani Sokoto Gudali
Gudali
Total Sample 5 2 2 5 4
BW 3.10+0.69 2.90+0.72 2.44+0.59 3.31+1.01 3.14+0.72
CRL 44.00+4.12 40.67+0.29 42.07+2.56 45.53+3.99 44.07+3.05
BPD 27.30+2.33 25.00+1.50 25.29+1.63 27.214+2.63 27.11+1.85
HLL 28.40+3.78 27.33+0.58 26.86+2.50 31.15+3.84 28.14+2.93
FLL 23.10+3.21 21.67+1.15 22.07+1.69 25.32+3.20 23.2942.53
TL 16.10+1.67 15.83+£2.47 15.29+0.95 17.09+£2.38 16.89+2.26
ESL 0.60+0.29 0.41+0.10 0.31+0.09 0.85+0.48 0.55+0.33
Table 5: Fetal morphometry with age of gestation (181-210 days)

Fetal 181- 210days
parameter Adamawa Kuri Red Bororo | Red Fulani White Sokoto

Gudali Fulani Gudali
Total Sample 2 1 2 2 7 8
BW 8.05+1.63 4.50 7.10+2.55 7.15+0.49 7.14+1.40 6.66+2.00
CRL 60.00+1.41 54.50 57.25+4.60 | 57.00£2.83 | 57.5742.94 | 55.75+3.92
BPD 35.00+1.41 31.00 33.75+¢3.18 | 32.50+0.71 | 33.14+2.19 | 32.50+2.55
HLL 45.00+7.07 34.00 42.50+7.78 | 40.00+1.41 | 43.29+5.02 | 41.25+5.42
FLL 37.50+4.95 28.00 34.50+6.36 | 32.00+1.41 | 35.50+4.37 | 34.31£5.23
TL 25.50+3.54 21.00 24.50+3.54 | 23.50+0.71 | 24.21+2.04 | 22.81+3.48
ESL 1.80+0.14 0.80 1.60+0.42 1.75+0.21 1.59+0.42 1.42+0.47

Table 6: Fetal morphometry with age of gestation in different

breeds
Fetal 211-240days 80.00%
parameter | Red Red Fulani | White Sokoto _—
Bororo Fulani Gudali
Total 5 2 9 3 .
Sample 50.00%
BW 12.06+2.62 | 9.40+2.97 | 11.96+2.16 | 10.50+0.52 20.00%
CRL 68.00+2.92 | 65.00+1.41 | 67.44+3.28 | 65.00£1.00 . amogs | nmester of Pregnangy
BPD 36.72+2.45 | 36.00+£3.54 | 38.79+1.65 | 37.00+0.00 )
HLL 53.80+2.77 | 50.50+6.36 | 54.78+5.29 | 51.33+1.15 20.00%
FLL 42.80+2.68 | 38.50+7.78 | 44.28+4.54 | 42.33+1.15 10.00% T
TL 31.00+2.35 | 27.50+2.12 | 32.50+3.80 | 28.67+0.58 i ‘
ESL 1.76+0.38 1.9+0.28 1.87+£0.31 2.13+0.06 IstTrimester  2nd Trimester  3rd Trimester

Figure 1: Percentage of fetuses
evacuated in each trimester

Table 7: Fetal morphometry with age of gestation in different breeds

Fetal parameter 241- 270 days
Adamawa Red Bororo Red Fulani White Fulani Sokoto Gudali
Gudali
Total Sample 5 2 2 5 4
BW 19.60+2.69 15.22+1.43 16.50+0.57 16.77+0.89 18.45+£2.45
CRL 82.50+£6.36 78.20£1.92 77.50£0.71 79.06+1.29 78.00+1.41
BPD 44.00+1.41 40.90+0.74 40.30+0.99 40.504+2.18 43.25+1.71
HLL 63.00+4.24 58.60+1.14 60.00£0.00 60.40+£2.27 61.25+1.50
FLL 53.50+0.71 47.60+£2.07 49.504+3.53 49.9£1.75 57.75+£2.06
TL 37.50+£0.71 33.30+3.83 37.75+£1.77 38.20+5.81 37.13£3.12
ESL 2.15+0.21 2.00+£0.37 1.70+0.57 2.18+0.54 2.55+0.21
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Table 8: Association between gestational age and fetal

Table 9: Association between gestational age

morphometry and fetal morphometry

Breed Regression model Correlation Breed Regression Correlation
R2 [ Pvalue R | Pvalue model

Gestational age and crown-rump length R? P R P

Adamawa 1.000 0.000 | 1.000 | 0.000 value value

Gudali Gestational age and tail length

Kuri 1.000 0.003 | 1.000 | 0.000 Adamawa | 0.963 | 0.000 | 0.981 | 0.000

Red 1.000 0.000 | 1.000 | 0.000 Gudali

Bororo Kuri 0.937 | 0.007 | 0.968 | 0.007

Red Fulani 1.000 0.000 | 1.000 | 0.000 Red 0.939 | 0.000 | 0.969 | 0.000

Sokoto 0.996 0.000 | 0.998 | 0.000 Bororo

Gudali Red 0.972 | 0.000 | 0.986 | 0.000

White 1.000 0.000 | 1.000 | 0.000 Fulani

Fulani Sokoto 0.947 | 0.000 | 0.973 | 0.000

Gestational age and biparietal diameter Gudali

Adamawa 0.974 0.000 | 0.987 | 0.000 White 0.908 | 0.000 | 0.953 | 0.000

Gudali Fulani

Kuri 0.896 0.015 | 0.947 | 0.015 Gestational age and eye-socket Length

Red 0.979 0.000 | 0.990 | 0.000 Adamawa | 0.874 | 0.000 | 0.935 | 0.000

Bororo Gudali

Red Fulani 0.973 0.000 | 0.987 | 0.000 Kuri 0.951 | 0.005 | 0.975 | 0.005

Sokoto 0.974 0.000 | 0.987 | 0.000 Red 0.889 | 0.000 | 0.943 | 0.000

Gudali Bororo

White 0.965 0.000 | 0.982 | 0.000 Red 0.754 | 0.000 | 0.868 | 0.000

Fulani Fulani

Gestational age and hind limb length Sokoto 0.885 | 0.000 | 0.941 | 0.000

Adamawa 0.977 0.000 | 0.989 | 0.000 Gudali

Gudali White 0.853 | 0.000 | 0.924 | 0.000

Kuri 0.875 0.019 | 0936 | 0.019 Fulani

Red 0.988 0.000 | 0.994 | 0.000 Gestational age and body weight

Bororo Adamawa | 0.896 | 0.000 | 0.947 | 0.000

Red Fulani 0.982 0.000 | 0.991 | 0.000 Gudali

Sokoto 0.965 0.000 | 0.982 | 0.000 Kuri 0.996 | 0.000 | 0.998 | 0.000

Gudali Red 0.933 | 0.000 | 0.966 | 0.000

White 0.969 0.000 | 0.984 | 0.000 Bororo

Fulani Red 0.944 | 0.000 | 0.971 | 0.000

Gestational age and forelimb length Fulani

Adamawa 0.973 0.000 | 0.987 | 0.000 Sokoto 0.883 | 0.000 | 0.940 | 0.000

Gudali Gudali

Kuri 0.813 0.036 | 0.902 | 0.036 White 0.881 | 0.000 | 0.938 | 0.000

Red 0.979 0.000 | 0.989 | 0.000 Fulani

Bororo

Red Fulani 0.965 0.000 | 0.982 | 0.000

Sokoto 0.967 0.000 | 0.983 | 0.000

Gudali

White 0.971 0.000 | 0.986 | 0.000

Fulani

Discussion to allow for easy assessment of the

There is a need to have correct information
on the fetuses evacuated during the
slaughter of pregnant cattle in the Abattoirs

reproductive and economic implications.
The increased fetal body weight from the
sixth to ninth months of gestation in this
study was about three-fold greater than the
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foetal body weight from the third to sixth
months of gestation. This finding

corroborates earlier reports (Ferell 1991;
Orourke et al., 1991; Mao et al., 2008).

Table 10: Observable morphological features based on age in month

Gestation | Number Observable features

period of

(month) fetuses

3ud 1 Claw bud, Scrotum present

4t 33 Claw bud, Scrotum present, Teat developing

5t 71 Claw bud, Scrotum present, Teat developing, Hair on lips, eyelids, chin, muzzle

6n 46 Claw bud, Scrotum present, Teat developing, Hair on lips, eyelids, chin, inside the ear,
around the horn pit, tail tip, muzzle

7% 22 Claw bud, Scrotum present, Teat developing, Hair on lips, eyelids, chin, inside the ear,
around the horn pit, tail tip, muzzle, metatarsal, metacarpal, skin

gt 19 Claw bud, Scrotum present, Teat developing, Hair on lips, eyelids, chin, inside the ear,
around horn pit, tail tip, muzzle, metatarsal, metacarpal, and skin, Milk teeth

gth 18 Claw bud, Scrotum present, Teat developing, Hair on lips, eyelids, chin, inside the ear,
around horn pit, tail tip, muzzle, metatarsal, metacarpal, and skin, Milk teeth

Table 11: Amniotic fluid biochemistry in the trimesters of pregnancy

Trimester of Gestation First Second Third
Progesterone concentration (ng/ml) 0.9+£0.01* 0.7£0.02° 0.8+0.05*
Total Protein (mg/dl) 37.50+2.50° 37.13£1.74* 35.22+3.00°
Albumin (mg/dl) 9.950+0.25% 10.62+0.62? 10.66+£1.27%
Globulin (mg/dl) 27.5542.75° 26.51+1.422 24.57+1.88*
Sodium (mEg/L) 236.8+0.40° 238.6+1.44* 238.54+2.25°
Potassium (mEg/L) 48.50+0.50° 48.94+0.55* 49.78+1.41°
Glucose (mg/dl) 36.50+0.50* 36.69+0.412 37.89+1.78*

First trimester (0 - 90 days), Second trimester (91 - 180 days), Third trimester (181 - 270 days). The means with

the same superscript are not significantly different (p>0.05).

The body weight of the fetuses in our study
was lower compared with the report made
by Prior and Laster (1979). The report
stated that growth in a developing fetus
follows an exponential equation with a
body weight gain of 25 g/day up to four
months of gestation and a maximum body
weight gain of 352 g/day by the late seventh
month. The disparity might be due to the
genetic makeup of the dam as well as the
fetus (Bellows ef al., 1993), and could also
result from the management. The
slaughtered pregnant cows in this present
study were free-ranged, where nutrition is
inadequate.

The fore and hind limb lengths increased
from the third to ninth months in all breeds
studied in this study. This is similar to the
findings of Evans and Sack (1973) who
reported a linear increase in crown-rump

length from three to nine months. Long
bone and crown-anus length have been
considered the most predictable parameters
for a given gestational age (Richardson et
al., 1991; Chavatte-Palmer et al., 2006;
Kohan Ghardr et al., 2008). Several studies
have shown that the age and weight of the
fetus have a high correlation with other fetal
parameters, thus making it possible to
measure the most accessible parameter and
to predict age from ultrasonography (Singh
et al., 2004; Van Hanh et al., 2013; Djallel
et al, 2017). In this study, the correlation
and regression between the estimated age of
gestation and other parameters were shown
to be very strong. There exists a very strong
positive relationship between crown-rump
length and age of gestation (r = 1.00; R?=
0.999) for the combined breed which is
slightly higher than previous reports (Kahn
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1989; Van Hanh et al., 2013; Camilla et al.,
2018).

In this study, the Kuri breed has the least
positive relationship between the age of
gestation and the biparietal diameter
contrary to what was reported by Camilla et
al. (2018). Reports in a wide range of
species have shown a significant correlation
between the biparietal diameter and age of
gestation (Ferreira et al., 2012; Ardkani et
al., 2022). Furthermore, this study reported
no differences between the number of
female (50%) and male (50%) fetuses that
were evacuated. Similar reports have been
reported in other Abattoirs in Nigeria (Bello
et al., 2008; Odeh et al., 2015).

From this study, it was observed that the
size of organs and appearance of
morphological features increased as the
fetuses developed. The full complement of
the morphological features was noticed in
the second and third semesters. The
fluctuation in fetal amniotic fluid
progesterone and total protein levels in this
study is contrary to the earlier reports
(Melampy et al, 1958; Khadjeh et al,
2007). The non-significant levels of sodium
and potassium observed in this present
study were not in tandem with the report of
Prestes et al. (2001). Their study reported a
significant reduction in sodium and
potassium levels in the amniotic fluid of
pregnant sheep. The glucose from maternal
circulation is the main energy source for
fetuses during pregnancy in farm animals
(Bauman and Curri, 1980). The non-
significant increase in the level of glucose
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