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Abstract: The study objective was to evaluate the effect of
single and/or extra doses of vitamin C (VC) on water-
restricted (WR) Xhosa goats, by evaluating their intake,
digestibility, nitrogen, and mineral balance during
summer. Goats (42) were randomly divided into seven
groups: GI (control, received ad libitum water daily), GII
(WR-70% of ad lib.), GIII (WR-50% of ad lib.), GIV (WR-
70% of ad lib. + VC [3 g/day orally]), GV (WR-50% of
ad lib. + VC [3 g/day orally]), GVI (WR-70% of ad lib. + VC
[3 g/day orally + 5 g extras every eighth day]), and GVII
(WR-50% of ad lib. + VC [3 g/day orally + 5 g extras on
every eighth day]). The experiment was a complete ran-
domized design. Data obtained were analysed using the
general linear model (PROC GLM) of SAS procedure. The
depression in nutrients intake was lessened with VC sup-
plementation. Water-restriction effect was not significant
on nutrient intake/metabolic weight. Retained nitrogen
increased with water-restriction levels but not influenced
by VC. NH3–N significantly decreased as the level of
water restriction increases, while the pH was similar
across the WR groups. Supplementation of VC failed to

significantly influence the depression in apparent digest-
ibility and digestible nutrients induced by water restric-
tion levels. The retained Ca, K, and Mg increased with
levels of water restriction.

Keywords: water restriction, Xhosa goats, digestibility,
nutrient intake, ascorbic acid

1 Introduction

The multiplicity role of livestock in supporting livelihood,
especially to developing nations, ranges from household
income generation, food security, and employment
opportunities to many socioeconomic attribute (Moyo
and Swanepoel 2010). These immense attributes and con-
tributions require that their productions be increasingly
sustained to meet the need of the ever growing human
population. Unfortunately, a huge percentage of live-
stock population especially ruminants, widely distri-
buted in water-limiting and dry zones of the world, are
faced with the challenge of water scarcity and seasonal
draught (Marino et al. 2016). This burden of water stress
is further heightened by fluctuations in weather and rain-
fall patterns (global warming), consequently limiting the
volume of water resources in most areas (IPCC 2007).

Drinking water is very important in the nutrition of
livestock and suboptimal intake can critically impact on
physiology and productivity. This is because of its role in
the maintenance of body heat balance, efficient diges-
tion, absorption of food, and as the main solvents for
both intra- and extracellular fluids (Alamer 2010). In a
review on the adaptation of livestock to water scarcity,
small ruminants seem to be more resilient to limited
water intake compared to other livestock species (Akin-
moladun et al. 2019). However, the extent to which spe-
cies can effectively use limited water differs with respect
to breed and animal type. Desert adaptable breeds in arid
regions have evolved survival mechanism in terms of effi-
cient use of water and body reserves during the period of
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water shortfalls (Alemneh and Akeberegn, 2019). Unlike
monogastric where body water loss above 15% can be
detrimental, water losses of 18, 20, and 25% of body
weight can be tolerated by cattle, sheep and goat, and
camel, respectively. Such resilience by ruminants to
dehydration effects is because of the improvements in
feed intake digestibility, lower energy deficiency induced
by dry matter (DM) intake reduction, and the rumen capa-
city to conserve water up to 15% body weight for use
during scarcity (Al-Ramamneh et al. 2012). Despite this
adaptive mechanism, exposure of ruminants to limited
water intake portends a stressful condition, negatively
impacting on body weight, and production performances
in animals (Mpendulo et al. 2020).

In ruminant nutrition, administration of vitamin C
(VC) is a practice that is not common. This is because
VC is usually biosynthesized in ruminants and may
require no exogenous supplementation. However, stress
and disease conditions can easily deplete plasma VC in
livestock (Chambial et al. 2013). As an antioxidant, VC
helps in the scavenging of free oxidative radicals induced
by oxidative stress and also plays an active role in immuno-
modulation (Tan et al. 2018). Body weight loss, depres-
sion in feed intake as well as other affected physiological
variables in water and transportation stressed sheep and
goats were reduced following vitamin C supplementation
(Ghanem et al. 2008; Kassab and Mohammed 2014; Akin-
moladun et al. 2020).

Xhosa goat is an indigenous breed, adaptable to the
Eastern Cape Province. The summer months in South
Africa (December–March) are characterized by hot and
dry temperature extremes and water scarcity. During
this period, it is always difficult for ruminants to maintain
their body weights because most of the water points are
dried up and the goats are forced to trek long distance in
search of water while grazing the sparsely distributed
grasses and browse plants. Variations among species of
ruminants to digestibility, water use abilities, and feed
utilization have been documented (Jaber et al. 2013). It is
hypothesized that different digestive mechanism may
have been evolved by adaptable breeds to water scarcity
and marginal feeding circumstances, and a possible
improvement when VC is supplemented. This might
likely result in differences in the efficiency of nutrient
utilization. In addition, the limitation of VC bioavail-
ability because of urinary excretion losses may reduce
when boosted with extra VC doses. This research work
was therefore undertaken to evaluate the intake, rumen
products, digestibility, nitrogen, and mineral balance in
water-restricted (WR) Xhosa goats supplemented with
single and/or extra doses of VC.

2 Materials and methods

2.1 Location

The experiment was conducted at the Honeydale farm,
University of Fort Hare, Alice campus, located in the
False Thornveld of the Eastern Cape, South Africa (lati-
tude, 32°46ʹ and longitude, 26°50ʹ) and at an altitude of
535 m above sea level. It is a warm climate with a tem-
perature range between 11.1 and 24.6°C, and an average
annual rainfall of about 575 mm (Schulze et al. 2006).

2.2 Management of animals

A total of 42 female goats (Xhosa breed) with an average
age of 12 months and body weight 15.92 ± 2.12 kg were
used in a 75-day experiment. Before commencement of
the experiment, de-worming using ivermectin and vacci-
nation against foot-and-mouth disease was carried out
on the goats. The indices of digestibility were taken
during the last 10 days of the experiment. The goats
were kept in individual metabolic cages (1.33 × 0.58m), pro-
vided with feeder, water trough, and a separate system for
collecting urine and faeces. The animals were offered feed as
total mixed ration based on 4% of their body weights in the
ratio of 70:30 of Lucerne hay and concentrated (maize
gluten, 55.43%; sunflower husk, 42.42%; limestone,
0.70%; monocalcium diphosphate (MCDP), 0.75%;
salt, 0.5%; mineral mix, 0.2%) on DM basis, respectively.
The concentrated diet was formulated to meet the nutrient
requirements for growing goats (NRC 1981). The diet com-
position is shown in Table 1. The physical condition of
each animal was closely monitored daily and proper sani-
tary conditions were maintained during the trial period.

Ethical approval: The research related to animal use has
been complied with all the relevant national regulations
and institutional policies for the care and use of animals,
and has been approved by the Animal Research Ethics
Committee of the University of Fort Hare (Reference No:
MUC011SAKI01).

2.3 Dietary treatments and design

The goats were allocated to the seven dietary treatment
groups comprising of six animals per group: GI (control),
WR-ad lib.; GII,WR-70%; GIII,WR-50%; GIV,WR-70% + 3 g
VC; GV, WR-50% + 3 g VC; GVI, WR-70% + 3 g VC (+extra
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5g VC); GVII, WR-50% + 3g VC (+extra 5g VC). Experimental
goats on VC treatment were given the respective amount
after it was dissolved in 50mL drinking water shortly
before feeding in the morning. Extra VC supplementation
was given every eighth day in the affected group. L-ascorbic
acid (VC) used as a supplement was sourced from Minema
Chemical Stores, Gauteng, South Africa. The 3 g/day VC
dose was selected based on previous findings on its effec-
tiveness and higher bioavailability at lower doses (Jaber et
al. 2011). In addition, the bio-availability of VC could be
increased with multiple dosing than single dosing (Hidir-
oglou et al. 1997). Experimental feed was offered twice
daily, at 9:00 and 16:00 h in equal proportions. Water
restriction percentages for experimental groups were cal-
culated based on daily ad libitum intake of the control
group. Water was supplied in containers of known volume
and was topped-up once a day. In W100 group, the Xhosa
goats receive water daily at two different times of the day, at
8:00 and 15:00 h to determine the quantity of water
ingested. Total water intake was calculated as the differ-
ence between the amounts offered and left overs, rebating
loss of water because of evaporation. Water loss because of
evaporation was calculated by putting buckets filled with

water at focal points in the pen, so that loss because of
evaporation can be inputted when calculating for total
water intake. WR-70% and WR-50% groups did receive
drinking water daily at a level of 70 and 50% of the intake
recorded in the W100 group, respectively. Before the com-
mencement of the 7-day collection period, there was a 3-
day period of adaptation of the animals to the metabolic
crates. The feed and water intake were recorded daily all
through the trial period.

2.4 Meteorological data

A portable data logger (Model: MT669, Major Tech, South
Africa) was used to take hourly records of relative
humidity and the ambient temperature inside the pen.
The average temperature-humidity index (THI) inside
the pen was 25.57, and it was calculated using the for-
mula for heat stress conditions; THI = db°C − [(0.31 – 0.31
RH%) (db°C − 14.4)], where db°C = dry bulb thermometer
in Celsius and RH = relative humidity (%). The degree of
heat stress was then calculated based on the THI values
(i.e., THI ≤22.2 absence of heat stress; 22.2 to ≤23.3 mod-
erate heat stress; 23.3 to ≤25.6 severe heat stress; and
≥25.6 extreme severe heat stress) (Marai et al. 2007).
Diurnal temperature and humidity pattern in the housing
units are presented in Figure 1 as average values.

2.5 Digestibility trial

Feed offered and feed refused (if any) for each goat were
collected and weighed every morning to obtain an esti-
mate of feed intake. Total urine and faecal output from

Table 1: Ingredient and chemical composition of experimental diet
(expressed in g kg−1 DM)

Ingredient Quantity

Lucerne 700
Maize glutten 166.3
Sunflower husk 127.3
Limestone 2.1
MCDP 2.3
Salt 1.5
Premixa 0.6
Calculated composition
Organic matter 889.5
Crude protein 216.7
Ether extract 17.5
Crude fibre 215.3
Nitrogen-free extract 440
Phosphorous 3.8
Calcium 15.7
Magnesium 6.0
Potassium 8.3
Sodium, mg/kg 2,263
Copper, mg/kg 41
Iron, mg/kg 116
Manganese, mg/kg 38
Zinc, mg/kg 18

aCa = 220 g/kg; P = 55 g/kg; Mg = 35 g/kg; S = 22 g/kg; Cl = 105 g/kg;
Na = 70 g/kg; Mn = 1,500mg/kg; Fe = 500mg/kg; Zn = 1,550mg/kg;
Cu = 440mg/kg; Co = 50mg/kg; I = 40mg/kg; Se = 20mg/kg.

-5

5

15

25

35

45

55

65

75

0--15 16-30 31-45 46-60

Days

0

5

10

15

20

25

30

61-75

0

5

0

5

0

Am
bi

en
t t

em
pe

ra
tu

re
 (o

C)

RH

THI

ambttemp

Re
la

�v
e 

hu
m

id
ity

 (%
) a

nd
 T

em
pe

ra
tu

re
hu

m
id

ity
 In

de
x

Figure 1: Diurnal temperature and humidity patter in the
housing unit.

170  Oluwakamisi F. Akinmoladun et al.



each animal were collected daily and weighed. Of the
total faeces collected, 10% was taken and thereafter dried
in an oven at 70°C for 48 h. Faecal DM and DM intake
were calculated as appropriate. The dried samples of
faeces and feed were screened through a 1 mm mesh
size, sieved, and stored before analysis. Urine samples
were collected in plastic containers that have been pre-
viously washed with 10% HCL for 4 h, rinsed with de-
ionized water, and allowed to dry before use. Total urine
output was collected daily into 10 L plastic container that
contained 6N H2SO4 and de-ionized water to prevent the
urine N from volatilization. Ten per cent of urine aliquot
was daily collected in a 3 L plastic container during the
7-day collection period and frozen at −20°C until further
analysis.

2.6 Rumen content sampling for pH
and NH3–N

Rumen contents were sampled from goats for experi-
mental meat studies following slaughtering at a regis-
tered abattoir (Adelaide abattoir, South Africa). Goats
were electrically stunned for 5 s at 200 V, to render
them unconscious prior exsanguinations and eviscera-
tion. Rumen samples were obtained from the reticulo-
rumen of each goat and squeezed through two layers of
cheesecloth. The ruminal pH was determined with the
help of a pH meter (Dascor, Inc., Escondido, CA). It was
inserted into the rumen fluid collected after calibration
with buffer solutions, pH 4 and 7. After the pH was mea-
sured, a 5 mL bottle was used to collect rumen samples
for NH3–N determination and followed by the addition of
1 mL of 1% H2SO4. Samples were kept frozen (−20°C) until
NH3–N analysis.

2.7 Chemical analysis

Triplicates of feed, refusals, and faecal samples were
used to determine DM, organic matter (OM), ether extract
(EE), Ash, and crude protein (CP) according to the proce-
dure of AOAC (2000). Approximately 1 g of each sample
was measured in a glass beaker and dried for 48 h at
70°C. Samples were thereafter cooled in a desiccator
for 2 h, and the weights of the dried samples were
recorded. The dried samples were ashed in a muffle fur-
nace (630°C for 6 h), cooled for 2 h in a desiccator, and
weights recorded. OM intake (OM = 100-ash content) was

calculated by multiplying the per cent OM of the feed
sample with the amount consumed for each goat.
A similar thing was done to calculate the faecal OM.
Nitrogen (N) was determined using the Kjeldahl method
(AOAC 2000) and CP calculated as N × 6.25. Nitrogen
retained (NR) was calculated from the amounts of N
(g/day) consumed and excreted in the faeces and urine
as follows: NR (g/day) = Nconsumed – Nfaeces − Nurine.

A dilution rate of 1:60 and 1:9 in 1% nitric acid for
urine and faecal samples, respectively, was used in the
analysis of Na, Ca, K, and Mg (Richter et al. 2012) with
the aid of the optical emission spectrophotometry (ICP;
Optima 7000 DV; PerkinElmer, Waltham, MA). Samples
were analysed in triplicate and the mean values recorded.
The mineral content of individual components of feed
offered, refusals, total faeces, and urine was calculated
by multiplying respective values of minerals determined
by their total quantities. The daily mineral content of
mineral intake, refusals, faecal output, and urine output
was determined by dividing total mineral content of the
respective components by the number of days of collec-
tion. Apparent mineral absorption was calculated by
subtracting faecal mineral from consumed mineral and
multiplying by 100.

The frozen rumen samples were thawed at 4°C. The
NH3–N concentration in rumen fluid was analysed by
the alkaline phenol-hypochlorite colorimetric method
(Broderick and Kang 1980).

The coefficient of digestibility (%) (Givens et al.
2000), digestible nutrient, and total digestible nutrient
(TDN) (Banerjee 1998) were calculated as follows:

Coefficient of digestibility
Nutrient consumed Nutrient in faeces

Nutrient consumed
100,=

−

 

×

Digestible nutrient
% Nutrient amount in feed % of nutrient digestibility

100
,

=

×

TDN %DCP %DCF %DNFE %DEE 2.25 ,= + + + ( × )

where DCP is the digestible crude protein; DCF is the
digestible crude fibre (CF); DNFE is the digestible
nitrogen-free extract (NFE); and DEE is the digestible
ether extract (NRC 2001).

2.8 Statistical analysis

Data for intake, apparent digestibility of dietary consti-
tuents, digestible nutrients, nitrogen balance, mineral
absorption, and rumen products were subjected to
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PROC GLM procedure of SAS 8.0 (SAS 2001). Mean treat-
ment differences were determined by Duncan multiple
range test at a probability level of 0.05. The model
used was

Y μ T ε ,ij i ij= + +

where Yij = values of observation; µ = general mean;
Ti = effect of water treatments; and εij = residual error.

3 Results

The diurnal temperature (°C) and humidity (RH%) in the
housing unit are shown in Figure 1. The average THI in
the experimental room was 25.57 ± 0.15 throughout the
experiment. DM intake (DMI; g/day), OM intake (OMI;
g/day), and CP (g/day) intake were similar (P > 0.05) in
the entire WR groups but lower than (P < 0.05) what was
obtained in the control (GI) (Table 2). The EE and the
nutrients’ intake per metabolic weight for both the WR
groups and control were similar (P > 0.05). The TDN was
significantly higher (P < 0.05) in the WR-treated groups
(GII–GVII) than in GI (Figure 2). However, VC supplemen-
tation (single and/or extra) did not influence (P > 0.05)
the TDN values. The faecal and urine output decreased
(P < 0.05) with levels of water restriction. The total N
intake decreased (P < 0.05) with levels of water restric-
tion and linearly increased in the VC-treated groups.
Faecal N, faecal N/N%, urinary N, and urinary N/N%
significantly decreased (P < 0.05) with water restriction
levels. The %N retained increases (P < 0.05)with levels of
water restriction, but was not affected (P > 0.05) by VC
supplementation. The pH was similar (P > 0.05) in the
WR groups, and values obtained were higher (P < 0.05)
than the control (GI). The NH3–N decreased (P < 0.05) as
the water restriction levels increases and was not influ-
enced (P > 0.05) by VC supplementation at various doses.

The coefficient of digestibility and digestible nutri-
ents percentages (CP, CF, NFE, EE, DM, and OM) among
the differently watered groups (with or without VC treat-
ment) is shown in Table 3. In the water-restriction groups
(GII–GVII), the digestibility of DM, OM, CF, CP, and NFE
increased (P < 0.05)with water restriction levels and were
higher than the control (GI). The digestibility of EE was
similar (P > 0.05) for treatments GII–GVII but lower (P <
0.05) than in GI. Unlike the EE, the digestible nutrients
(CP, CF, NFE, DM, and OM) in the WR groups were sig-
nificantly higher (P < 0.05) than the control (GI). The
digestible nutrients (except EE) increase (P < 0.05) with
water restriction levels. Supplementation of VC at various

doses to the WR groups did not improve (P > 0.05) the
digestible nutrients.

Macro-mineral intake, excretion, absorption, and
retention are reported in Table 4. The number of macro-
minerals (Ca, P, Mg, Na, and P) intake significantly
decreased (P < 0.05) because of water restriction in
GII–GVII compared to GI. However, a similar amount
(P > 0.05) of the macro minerals was consumed regard-
less of the levels of water restriction and VC dosage. Com-
pared to other mineral elements, a greater amount of Ca
(g/day) and K (g/day) (P < 0.05) was excreted via urine
than faecal. Supplementation of VC did not create a pat-
tern of influence on the minerals excreted via faeces
or urine. The apparent absorption of Ca was highest
in GIII (P < 0.05), while GVII had the highest absorption
(P < 0.05) of Mg and K. The retained Ca (%) was highest
(P < 0.05) in GIII and lowest in GI. The retained K (%)
increased (P < 0.05) with water restriction levels. A
similar amount of P (%) and Na (%) were retained in
GI, GIII, GV, and GVII. The retained Mg (%) increased
(P < 0.05) with levels of water restriction. The retentions
of Ca, Mg, and K significantly increased with water
restriction levels.

4 Discussion

The average THI recorded in the experimental house is
above the threshold values (Marai et al. 2007), and this
has resulted in severe stress on the goats. This implies a
negative heat balance as more heat will be gained by the
animal from the environment. Efficient digestion and
absorption require a water medium for the physical soft-
ening of feed (Doreau et al. 2012). When water supply is
adequate, the breakdown of feed is enhanced, thus facili-
tating fermentative and digestive processes. Giving the
correlation between feed intake and water consumption
(Thang et al. 2012), the reduced nutrients intake in the
WR groups could be as a result of limited water intake.
Usually, the amount of feed consumed by ruminants
is affected by the osmolality of body fluids. This is
because the secretion of gastric juices and saliva in
response to feed intake usually results in hyperosmolality
and hypovolemia, urging animals to drink while eating or
stop when dehydrated (Langhans et al. 1991). Severe
responses to feed intake under various water restriction
regimen has been reported in Turkana goats, fat-tailed
sheep, and Zebu (Maloiy et al. 2008). Other studies have
also reported a drop in DM intake following water restric-
tion (Casamassima et al. 2016).
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Regardless of VC supplementation, the reduced urine
and faecal output in the WR groups could be attributed to
suboptimum water intake. During water scarcity, rumi-
nants reduce water loss by reducing faecal water and
urine volume, thereby resulting in higher urine osmol-
ality (Naqvi et al. 2015). This drop in urine volume could
be attributed to reduced filtration rate of the glomerulus
and renal plasma flow in the WR groups (Schwartz and
Furth 2007). This tendency of generating hyperosmotic
urine is attributed to the length of the loops of Henlè
which is longer compared to non-adaptable breeds (McNab
2002). This greater urine concentration and reduced
urine output are the adaptive mechanism that enhances
their chances of survival. The decrease in nitrogen con-
sumption could be attributed to reduced voluntary DM
intake by the WR groups. In a similar vein, there was
a decrease in the amount of nitrogen excreted because
of limited water intake by the animal. When expressed
as a percentage of N-intake, high losses of nitrogen
were recorded through faeces compared to urine across
the treatment groups. The high faecal nitrogen loss in the
control group compared to the WR groups mirrors the

high feed consumed and faecal output in the control
group. The increased nitrogen retention obtained by the
WR group in this study was facilitated by low nitrogen
excretion. Contrarily, the control group had a negative
nitrogen balance but the WR groups were able to keep
hold of a significant amount of the consumed nitrogen.
The higher digestible and retained N, and CP digestibility
in the WR groups compared to the control is a reflection
of the low nitrogen excretion in faeces and urine,
resulting in positive N retention. This may be an indica-
tion of N recycling via the wall of the rumen and saliva for
microbial synthesis (Nejad et al. 2014). Because of sub-
optimal water intake, degradation process in the rumen is
slowed down and this helps to facilitate protein escape.
The escaped protein may be digested in the abomasum and
small intestine, leading to increased uptake of nitrogen
from the small intestine. Thus, protein metabolism in the
liver is increased as well as enhanced nitrogen recycling
into the rumen from possible amino acid deamination for
non-essential protein synthesis or energy utilization.

The decreased urinary N loss following water restric-
tion in this study could be attributed to reduced filtration

Table 2: Nutrient intake, output, nitrogen metabolism, and rumen product of WR Xhosa goats supplemented with VC

Parameters GI GII GIII GIV GV GVI GVII SEM P-value

Dose (n) 4 4 4 4 4 4 4
Nutrient intake
DMI (g/day) 633.37a 546.94b 536.22b 552.08b 538.68b 551.86b 538.32b 7.18 0.045
DMI (g/BW0.75) 74.41 78.88 78.02 73.92 73.42 75.95 73.81 16.72 0.996
OMI (g/day) 524.62a 453.03b 444.15b 457.29b 446.19b 457.10b 445.89b 5.95 0.036
OMI (g/BW0.75) 61.14 65.34 64.63 61.23 60.81 62.91 61.14 4.37 0.895
CP (g/day) 137.25a 118.52b 116.20b 119.64b 116.73b 119.59b 116.65b 1.56 0.035
CP (g/BW0.75) 16.12 17.09 16.91 16.01 15.91 16.46 15.99 0.35 0.766
EE (g/day) 11.08 9.57 9.38 9.66 9.42 9.66 9.42 0.13 0.045
EE (g/BW0.75) 1.30 1.38 1.37 1.29 1.28 1.33 1.29 0.13 0.906
Output
Faecal output (g/day) 199.59a 144.39b 124.23c 143.98b 126.07c 144.10b 123.56c 5.28 <0.001
Urinary output (mL/day) 383.33a 233.95b 156.67c 223.33b 157.38c 226.43b 153.81c 14.94 <0.001
Nitrogen metabolism
N intake (g/day) 21.96a 18.96b 18.59c 19.14b 18.68c 19.13b 18.66c 0.12 0.033
N faeces (g/day) 4.77a 2.25b 2.02cd 2.42b 2.17c 2.19c 1.90d 0.09 0.003
Digest. N (g/day) 19.30a 16.95b 16.43b 16.44b 15.91b 16.48b 16.77b 0.54 0.041
N urine (g/day) 1.55a 1.00b 0.31d 0.80c 0.34d 0.92b 0.37d 0.05 0.004
N retention (g/day) 15.63c 15.71c 16.26ab 15.92c 16.18b 16.02bc 16.43a 0.15 0.021
Faecal N/N% 21.70a 11.85c 10.87d 12.62b 11.63c 11.44c 10.17e 0.23 0.003
Urine N/N% 7.04a 5.28b 1.68d 4.17c 1.83d 4.80bc 1.98d 0.49 0.022
Retained N/N% 71.16c 82.86b 87.45a 83.18b 86.60a 83.75b 88.04a 1.05 0.012
Rumen parameters
pH 6.78b 7.09a 7.02a 7.03a 7.05a 7.10a 7.08a 0.08 0.001
NH3–N 27.06a 25.02b 22.44c 24.90b 21.42d 27.16a 21.68cd 0.18 <0.001

a,b,c,dMeans with different superscripts across the row are significantly different (P < 0.05); GI: W100%; GII: W70%; GIII: W50%; GIV: W70% +
3 g VC; GV: W50% + 3 g VC; GVI: W70% + 3 g VC + extra 5 g VC; GVII: W50% + 3 g VC + extra 5 g VC; DMI: dry matter intake; OMI: organic matter
intake.
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in the kidney glomeruli. The decrease in urine excretion
and by extension reduced urinary N loss in the WR groups
agrees with Nejad et al. (2014) who conducted a study on
WR Corriedale ewes. The decline in urea output and
urinary nitrogen following water restriction in this study
was similar to what was reported in a water deprivation
study involving sheep and goats (Abdelatiff et al. 2010).

Ammonia-N decreased with decreased water intake in
this study. According to Mathews et al. (2019), when
intake is below optimum, rumen ammonia production
drops because of low rate of degradation. The increased
rumen pH in the WR groups could be because of the
combined effect of heat and water stress. Lactating dairy
cattle undergoing heat stress had their ruminal pH
increased from 5.82 to 6.03 (Hall 2009) and was slightly
different from the 6.78 to 7.10 recorded in this study. In a
similar study on growing heat-stressed Korean cattle
steers fed rumen-protected fat, the rumen pH was found
to slightly increase from 6.88 to 7.02 and 6.74 to 7.10 in
July and August, respectively (Kang et al. 2019).

Water restriction of any form would generally
enhance the digestibility of nutrients by enhancing feed
intake reduction and allowing sufficient time for digesta.
Increased retention of digesta implies that rumen
microbes will have enough time for degradation and
synthesis (Casamassima et al. 2016). In this study, digesti-
bility of nutrients significantly increases as water intake
decreases. This is similar to the increased total tract
digestibility of DM and OM in WR St. Croix sheep
(Hussein et al. 2018). However, the findings of Nejad
et al. (2014) showed no differences in nutrient digest-
ibility between 2 and 3 h water restrictions after feeding
in Corriedale ewes. This non-significant effect maybe as a
result of the limited time of exposure to reduced water
intake, compared to the 75 days of prolonged exposure
in this study. Single and/or multiple dosing with VC
did not improve nutrient digestibility, as values obtained
between treated and untreated WR groups were similar.

Figure 2: TDNs of WR Xhosa goats supplemented with single or
multiple VC dosage. Error bars with different alphabets are signifi-
cantly different (P < 0.05); GI: control (ad libitum); GII: WR-70%;
GIII: WR-50%; GIV: WR-70% + 3 g VC; GV: WR-50% + 3 g VC; GVI: WR-
70% + 3 g VC + extra 5 g VC; GVII: W50% + 3 g VC + extra 5 g VC.

Table 3: Digestibility coefficients (%) and digestible nutrients (%) of different nutrients in WR Xhosa goats supplemented with VC

Nutrient GI GII GIII GIV GV GVI GVII SEM P-value

Dose (n) 4 4 4 4 4 4 4
1. Digestibility coefficients %

CP 85.21d 86.00cd 88.13ab 85.93d 87.07bc 85.95d 88.99a 0.73 0.023
CF 56.65c 63.31b 68.55a 63.85b 68.14a 64.17b 68.52a 1.56 0.001
EE 76.19a 65.62b 63.62b 66.66b 64.32b 66.11b 63.85b 2.63 0.055
NFE 64.92c 70.05b 75.29a 71.87b 75.52a 71.66b 75.25a 1.32 0.001
DM 68.39c 73.37b 76.85a 73.87b 76.60a 73.89b 77.05a 1.13 0.001
OM 65.82c 70.59b 74.94a 71.67b 74.57a 71.64b 75.46a 1.25 0.001
1. Digestible nutrients %

CP 18.47d 18.64cd 19.09ab 18.62cd 18.87bc 18.63cd 19.28a 0.16 0.023
CF 12.19c 13.63b 14.76a 13.75b 14.67a 13.82b 14.75a 0.34 0.001
EE 1.33a 1.15b 1.11b 1.17b 1.13b 1.16b 1.12b 0.05 0.055
NFE 28.57c 30.82b 33.13a 31.62b 33.23a 31.53b 33.11a 0.58 0.001
DM 45.21d 48.49c 50.79ab 48.82b 50.63ab 48.83b 50.93a 0.75 0.001
OM 58.54c 62.79b 66.66a 63.75b 66.33a 63.73b 67.13a 1.15 0.001

a,b,c,dMeans with different superscripts across the row are significantly different (P < 0.05); GI: W100%; GII: W70%; GIII: W50%; GIV: W70% +
3 g VC; GV: W50% + 3 g VC; GVI: W70% + 3 g VC + extra 5 g VC; GVII: W50% + 3 g VC + extra 5 g VC.
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The amount of minerals in dietary constituents and
what is required by animals compared to protein, carbo-
hydrates, and/or fat are often low. This does not under-
mine their importance, as an absence or imbalance may
elicit deficiencies, and consequently impair performance
(Suttle 2010). In addition, the mineral nutrition of goats is
yet to be fully worked out, as recommended mineral con-
sumption values are still based on extrapolations from
intermediate values between sheep and cattle (Meschy
2000). The low mineral intake in the WR groups may be
as a result of reduced feed intake, given the fact that
nutrients ingested by livestock are positively correlated
with feed intake. As an adaptive mechanism coupled
with the role of water for proper digestion, a reduction
in feed intake usually accompanies limited water intake
in small ruminants (Akinmoladun et al. 2019), consequently

impairing the amount of nutrients ingested. However, a
marginal improvement in DMI intake following VC sup-
plementation in the WR groups did not significantly
translate to higher mineral intake. In this study, GI
ingested higher minerals but excreted more of these
minerals, especially Ca, Mg, P, and K, in faeces and urine
compared to the water-restriction groups. The affirmation
of Boswald et al. (2017) on higher excretion of P in herbi-
vores through faeces agrees with the report of this study.
However, the excretion of Ca in this study is higher in
urine but decreased with water restriction levels. When
dehydrated, animals adapt by reducing faecal water
and urine output. This might explain the higher retention
of Ca, K, P, and Mg among the WR groups compared to
the control. However, a minimum threshold of 45% in
apparent Ca absorption is recommended for ruminants

Table 4: Daily macro mineral intake, faecal and urine excretion, and apparent absorption and retention in WR Xhosa goats supplemented
with VC

Parameters GI GII GIII GIV GV GVI GVII SEM P-value

Dose (n) 4 4 4 4 4 4 4
Mineral intake (g/day)
Ca 9.94a 8.58b 8.42b 8.67b 8.46b 8.66b 8.45b 0.32 0.033
P 2.41a 2.08b 2.04b 2.10b 2.06b 2.09b 2.04b 0.08 0.047
Mg 3.80a 3.28b 3.22b 3.31b 3.23b 3.30b 3.22b 0.12 0.048
Na 1.43a 1.24b 1.21b 1.25b 1.22b 1.24b 1.21b 0.05 0.021
K 5.26a 4.54b 4.45b 4.58b 4.47b 4.58b 4.46b 0.17 0.017
Faecal excretion (g/day)
Ca 2.11a 1.83bc 1.36d 2.47a 1.08d 1.82bc 1.50cd 0.28 0.051
P 1.36a 0.63d 1.00c 1.14bc 1.05bc 1.19b 0.78d 0.08 <0.001
Mg 0.94a 0.72b 0.57cd 0.52d 0.68bc 0.60bcd 0.36e 0.06 <0.001
Na 0.41a 0.37ab 0.30bc 0.35ab 0.33ab 0.16d 0.20cd 0.05 0.048
K 1.33ab 0.90cd 1.11bc 1.48a 1.06c 0.76d 0.69d 0.11 0.002
1. Urinary excretion (g/day)

Ca 7.29a 3.77bc 2.77c 4.00b 3.98bc 3.41bc 3.68bc 0.59 0.003
P 0.49a 0.28b 0.22bc 0.50a 0.20bc 0.12cd 0.07d 0.05 <0.001
Mg 0.78a 0.53b 0.24d 0.42bc 0.30cd 0.35cd 0.39bcd 0.07 0.003
Na 0.69ab 0.53bc 0.72ab 0.30d 0.36cd 0.76a 0.81a 0.11 0.044
K 3.71a 2.25b 1.35c 2.85b 2.08b 2.25b 2.17b 0.39 0.023
Apparent absorption (%)
Ca 78.82b 78.50b 83.88ab 70.75c 87.30a 78.97b 82.26ab 3.70 0.135
P 43.18b 68.67a 50.98b 45.42b 48.49b 43.35b 61.82a 4.23 0.004
Mg 75.32e 78.06d 82.24b 84.39b 78.98cd 81.74bc 89.00a 1.52 0.001
Na 72.41b 70.52b 75.02b 71.84b 72.82b 87.08a 83.84a 3.36 0.019
K 75.03b 80.14a 75.10b 67.33c 76.22b 83.32a 84.66a 2.24 0.001
Mineral retention (%)
Ca 5.60d 33.87bc 50.65a 24.79c 40.13ab 39.60abc 38.73abc 7.72 0.025
P 23.09c 54.52a 40.13b 21.35c 38.66b 37.56b 58.31a 6.25 0.006
Mg 55.33d 61.87c 74.64ab 71.70b 69.78b 71.20b 77.09a 2.59 0.001
Na 24.25bc 28.61abc 14.77c 47.64a 43.45ab 26.50abc 17.60c 11.28 0.036
K 5.35b 29.29a 44.73a 5.70b 29.61b 34.25b 36.04b 7.68 0.017

a,b,c,dMeans with different superscript across the row are significantly different (P < 0.05); GI: W100%; GII: W70%; GIII: W50%; GIV: W70% +
3 g VC; GV: W50% + 3 g VC; GVI: W70% + 3 g VC + extra 5 g VC; GVII: W50% + 3 g VC + extra 5 g VC.
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(McDowell 1992). In the current study, apparent absorp-
tion of Ca was higher than the threshold recommended,
regardless of water restriction levels. The increase in
apparent absorption of Na and K in the WR groups fol-
lowing multiple VC supplementations could probably
facilitate Na flux in the fibroblast cells (Morla et al.
2016) because of the increased bioavailability of this
vitamin (Hidiroglou et al. 1997). The more significant
result of Na and K retention compared to absorption is
similar to what was reported by Salles et al. (2008). The
reason is that urine is the main excretion path for these
minerals, and it is usually factored in the calculation for
retention. Improvement in the amount of K and Na
retained following water stress is very important in the
mineral balance. This is because of their role in trans-
porting substrates into and out of the cells and also
in osmotic pressure regulation. A similar improvement
in K retention was reported in heat-stressed steers fed
diets supplemented with monensin (Salles et al. 2008).
Water-restriction levels and multiple VC supplementa-
tions significantly improve the absorption and retention
of Mg. This may be linked to decreased excretion through
the urine.

5 Conclusions

Exposure of small ruminants to limited water affects
nutrients intake and digestibility and can be more pro-
nounced under high thermal load. Supplementation of
VC at various doses failed to significantly improve the
depression in digestibility and nutrients intake induced
by water restriction. The mineral balance was affected by
levels of water restriction, with higher losses of Ca and K
observed in the urine than faeces, compared to other
minerals.
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