Cervantes ef al

Iranian
chAu“I‘lgc{
gn%pr’nal
Science

Importance of Water Quality in Small Ruminants’ Productivity
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ABSTRACT

Successful breeding and raising of sheep and goats depend on appropriate sanitary and nutritional manage-
ment, where water plays a crucial role. Alterations in water quality and availability might lead to alterations
in animal productivity. Small ruminants are capable of ingesting water in a wide range of qualities with
little or no effect on health and performance, however; some elements and microorganisms present in high
concentrations can produce a negative effect on health status and weight gain performance, being the qual-
ity of water, an essential factor affecting the profitability of small ruminant production. The effects on cat-
tle's productive performance of compounds like total dissolved solids, sulfates, and sulfur in drinking water
have been documented. However, there needs to be more information available on the effect on sheep and
goats, being necessary to increase the efforts to carry out studies to evaluate the effect of the physicochemi-
cal and microbiological quality of drinking water on the health and productive performance of small rumi-
nants. Water quality affects the efficiency of diet energy utilization in lambs. However, there is scares in-
formation about this topic to reevaluate the qualification of water as “well water”. This review presents the
effects of drinking water's different physicochemical and microbiological characteristics on the productivity
of small ruminants. Also, it addresses water quality and its effect on productivity from an energy perspec-
tive.
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The parameters for evaluating water quality should in-

INTRODUCTION

The total water requirement of small ruminants is a com-
plex process. It seeks to achieve a balance to ensure that the
total water intake into the body (free drinking water, water
in consumed feed, metabolic water resulting from nutrient
degradation) is equivalent to the total water loss (water ex-
creted in urine and feces, water secreted in milk, sweat, and
respiratory vapor) (Ensminger et al. 1990; Beede, 2012).
Water balance efficiency is a function of multiple factors
such as body metabolism, environmental temperature, body
surface area and mass, water quality, species, physiological
state, production stages, breed, wool cover, and physico-
chemical composition of feed (NRC, 2007).
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clude microbiological, physical, and chemical elements, as
any other element that may directly or indirectly affect the
health of animals. Water quality is defined by its elements;
however, the effects can be modified when interacting with
animals and food. Research has shown a positive relation-
ship between access to potable water and growth perform-
ance factors such as feed intake and daily weight gain
(Landefeld and Bettinger, 2005). However, the effects of
water quality on the efficiency of dietary energy utilization
are absent. It can be assumed that the water source's quality
ultimately affects its acceptability by livestock and, in turn,
affects feed intake and nutrient utilization (Fernandez-
Cirelli et al. 2010). Access to abundant and good-quality
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water supplies can improve
(Quintufia and Faican, 2019).

livestock productivity

Water intake
Daily water intake in small ruminants varies from approxi-
mately 5 to 20% of their body weight (Schoeman and Vis-
ser, 1995). This variation is influenced by factors such as
environmental temperature, feed, breed, age, and physio-
logical stage (Olkowski, 2009; Whaley et al. 2022).
Ehrlenbruch et al. (2010) reported that the type of forage
affects the daily water intake of dairy goats since they have
a significantly higher daily water intake when fed hay with
82.4% dry matter (DM) than silage with 25.3% DM (6.2 vs.
4.4 L/goat/day, respectively). On the other hand, Schoeman
and Visse (1995) report that, within the same species, water
consumption varies among breeds, mentioning that, of the
Black-headed Persian, Dorper, and South African Merino
sheep breeds, the Persian is the most efficient in terms of
metabolic water utilization, since the Dorper and Merino
can consume, respectively, up to 53% and 77% more water
per kg of body weight gain compared to the Persian.
Although water intake may vary by different factors,
Forbes (1968), used dry matter intake (DMI) to predict wa-
ter consumption through the following equation: Water
intake (L/day)= 3.86 x DMI - 0.99. This equation has been
widely tested and corroborated as a practical and accurate
method for predicting the water intake of small ruminants
(NRC, 2007).

Effect of water intake on feed intake

Under environmental comfort conditions, the amount of
water voluntarily consumed by ruminants is considered
twice the proportion of DMI. This ratio increases when
animals are fed diets with high-protein or high-salt
(Akinmoladun et al. 2019) or very dry or dusty feeds
(NRC, 2007). This case is related to their water reserve
system, which can store and use water for the ruminants
when environmental conditions demand it. When water
availability is gradually reduced from 100% to 40% of ad
libitum intake, DMI has decreased by 31 and 44% in
Katahdin lambs, 22 and 34% in Boer goats, and 19 and
35% in Spanish goats (Mengistu et al. 2016).

Physicochemical and biological quality of drinking wa-
ter

Water quality is a term used to describe water's chemical,
physical and biological properties. Water quality depends
mainly on its intended use. In the case of drinking water for
animals, the properties that water must have to qualify as
safe drinking water are stipulated. It is based on those con-
sumed by animals that do not hurt their productivity and
health (Olkowski, 2009).

The water-leading properties for animal productivity
and animal health

Temperature

Under favorable climatic conditions, water temperature has
little or no effect on water intake, although being more
preferably water with temperatures between 17 and 28 °C
(Herrera, 2012). A study performed by Petersen et al.
(2016) suggests that at a critical low-ambient temperature
(i.e., -10 °C), cows increased 30% water consumption when
water temperature was warm instead of cold. Nevertheless,
water temperature did not affect nutrient digestion in any
case.

pH

Water's pH measures the concentration of hydrogen ions
and controls the solubility and concentrations of elements
in water (Morgan, 2011). The pH value of drinking water
can vary from 6 to 8 (Olkowski, 2009). The effects of these
pH values on livestock health and production are poorly
understood. The main problem of pH alteration in drinking
water is related to the acceptability of drinking water, as
animals may refuse to drink water with extreme pH (<5 and
9<). Acidic water which has a pH of less than 5 tends to
have a sour taste. In contrast, a water with pH greater than 9
has a metallic taste (Raisbeck et al. 2008). Slightly alkaline
water (pH 7-7.3) is considered optimal for consumption.
Water that has a pH out of the normal limits has corrosive
effects on pipes and installations and possible adverse ef-
fects on health and animal production (Tuells and Erviti,
2016). For example, consuming of water with a pH below
five can reduce feed intake, contributing to metabolic aci-
dosis (Olkowski, 2009; Curran, 2014). Because such water
slightly acidifies the diet, it is not recommended for espe-
cially feedlot animals. In contrast, alkaline water with a pH
above 9 can increase the risk of metabolic alkalosis, lead to
digestive disorders, poor feed conversion, and reduce feed
and water intake (Mahdy et al. 2016).

Total dissolved solids (salinity)

Among the most critical factors determining water suitabil-
ity for livestock is the concentration of salts in the drinking
water (Marin, 2022). Salinity can be measured as Total
Dissolved solids (TDS) and is expressed in parts per mil-
lion (ppm) (which is equivalent to mg/L or mg /mL); the
constituents associated with salinity are bicarbonate (Na-
HCO;), sulfate (SO4,), and silica (Si0O,), and a group of
lower concentrations of constituents including iron (Fe),
nitrate (NO3-), strontium (Sr), potassium (K), carbonate
(C0O32-), phosphorus (P), boron (B), and fluoride (NaF)
(Bagley et al. 1997). The main disadvantage of supplying
salt water to livestock is related to acceptance problems due
to lower acceptability of water, or the behavioral response
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of animals to protect themselves from salt stress which, as a
consequence, causes a reduction in water intake per unit
body weight (Lopez et al. 2016; Sharma et al. 2017) which
causes a decrease in dry matter (and energy) intake. How-
ever, it has been reported that the salinity of drinking water
does not influence feed intake in ruminants with TDS levels
below 1% (1000 ppm) (Masters et al. 2007; Tsukahara et
al. 2016; Cervantes-Noriega et al. 2022) (Table 1).
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Behavior of dry matter intake (DMI), according to the concentra-
tion of TDS in drinking water

Safety limits for TDS are unclear and vary among spe-
cies. Different publications have recommended maximum
levels (Bagley et al. 1997; Lardy et al. 2008; Olkowski,
2009). Different studies have established that goats are
more tolerant to high drinking water TDS concentrations
than lambs. According to the above, McGregor (2004)
mentions that young sheep can consume water with 5000
mg/L TDS without adversely affecting their productivity,
while young goats can consume up to 7000 mg/L, a notably
higher level. As for adult animals, he mentions that both
species can tolerate twice as much TDS as young animals;
adult goats can take up to 14000 mg/L TDS, while adult
sheep have 10000 mg/L. Accordingly, Castro et al. (2017)
found no effect of supplementing up to 8300 mg/L TDS in
drinking water on slaughter weight, hot and cold carcass
weight, and carcass traits in adult Santa Inés lambs. How-
ever, there are contradictions about the maximum limit of
TDS consistently affecting productivity in small ruminants.
Hussein et al. (2020) reported reductions in carcass yield in
adult Ossimi lambs consuming 15000 mg/L TDS (Table 2).
However, Mdletshe et al. (2017) report a decrease in daily
weight gain of 16.2% of adult Nguni goats when they drank
only 5500 mg/L TDS. On the other hand, Assad and El-
Sherif (2002) observed more significant daily weight gain
in lambs that drank water with 13535 mg/L TDS than those
that drank fresh water. Nevertheless, this may be attributed
not precisely drinking water with a high salt content had
more water retention throughout the body rather than to
more significant muscle mass gain (Table 3).

Sulphates

Sulfate is the most common form of sulfur (S) in drinking
water for livestock, but in some water sources, due to the
highly reducing environment, sulfate can be reduced to
sulfide (Olkowski, 2009); sulfur makes up one-third of the
molecular weight of sulfate (Umar et al. 2014). Hydrogen
sulfide is the most common form of sulfur present in water,
giving it the characteristic odor associated with "rotten
eggs," which, for non-adapted animals, can be a significant
restriction (APHIS and USDA, 2000). Water's sulfate also
contributes to total sulfate in the ration and should be con-
sidered when investigating outbreaks of polioencephalo-
malacia in the feedlot. Polioencephalomalacia is a diagnos-
tic term describing necrosis of the brain's gray matter
(Niles, 2017), characterized by neuromuscular disturbances
in animals (Umar et al. 2014). This disease can occur when
total sulfate in the ration exceeds 1% on a dry matter basis
(Carson, 2000). In ruminants, almost all ingested sulfate is
reduced to sulfide by rumen microbes, absorbed, and se-
quentially oxidized to sulfite and sulfate in tissues. Sulfate
is recycled into the rumen via saliva (Olkowski, 2009).
High sulfate concentrations have been reported to nega-
tively affect ruminal microorganisms, decreasing their
number and, consequently, the total microbial metabolic
activity (Loneragan et al. 2001; Patterson and Johnson,
2003). They also interfere with the intestinal absorption of
other minerals, such as copper (Irisk, 2012). A study by
Loneragan et al. (2001) reported a linear decrease in aver-
age daily weight gain in ruminants as the sulfate concentra-
tion in the drinking water increased from 136 to 2360 mg/L.

Nitrates and nitrites

Nitrate ion (NO;) is both a product and a reactant in the
chain of animal and plant nitrogen metabolism (Pereira and
Ramirez, 2021). Their presence in water is associated with
contamination from decomposing organic matter, aquatic
plants, algae, fish, or other dead animals in water reservoirs,
and soil fertilizers (Bolafios-Alfaro et al. 2017). Reducing
nitrate to nitrite in the rumen is required against intoxica-
tion problems because nitrite is approximately ten times
more toxic than nitrate. Once nitrite passes into the blood-
stream, it reacts with hemoglobin and thus drastically re-
duces the oxygen-carrying capacity of erythrocytes, result-
ing in a condition called methemoglobinemia (Wang et al.
2021). Symptoms of this case are characterized by muscle
weakness, ataxia, tremors, hypersensitivity and difficulty
breathing, as well as abortions and deaths (Trheebilcock-
and Montoya, 2018). Nitrate toxicity or safety is deter-
mined by many factors, including the amount of nitrate
consumed daily, the animal’s previous exposure to high
nitrate levels, feeding practices, nutrition quality and gen-
eral health.
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IR Hot carcass weight (kg) and hot carcass yield (%) of sheep with different concentrations of total dissolved solids (TDS)

TDS, mg/L Final weight, kg  Hot carcass weight, kg Hot carcass yield, % Author

<1000 44.8 19.7 44 Hussein et al. (2020)
<1000 23.4 9.3 40 Yousfi et al. (2016)
<1000 37.0 20.3 55 De Almeida et al. (2021)
<1000 27.2 12.4 46 Castro et al. (2017)
<1000 56.2 33.6 60 Cervantes-Noriega et al. (2022)
1000 54.1 31.8 59 Cervantes-Noriega et al. (2022)
1500 34.7 14.9 43 Hussein et al. (2020)
2500 23.6 9.2 39 Yousfi et al. (2016)

3200 252 11.8 47 Castro et al. (2017)

5800 27.3 12.7 46 Castro et al. (2017)

8000 23.1 9.4 40 Yousfi et al. (2016)

8300 26.5 12.2 46 Castro et al. (2017)

L] 57 Average daily gain (ADG, g/d) of sheep with different concentrations of total dissolved solids (TDS)

TDS, mg/L ADG g/d Author

<1000 260.0 Cervantes-Noriega et al. (2022)
<1000 110.0 De Albuquerque et al. (2020)
<1000 156.0 De Araujo et al. (2019)
1000 239.0 Cervantes-Noriega et al. (2022)
1000 128.6 Wilson et al. (1966)

1500 171.4 Wilson et al. (1966)

2000 177.0 De Matos et al. (2021)
2000 162.0 De Matos et al. (2021)
3000 153.0 De Araujo et al. (2019)
6000 120.0 De Albuquerque et al. (2020)
8500 100.0 De Albuquerque et al. (2020)
8500 75.0 Castro et al. (2017)

> 10000 25.0 Assad and El-Sherif (2002)

> 10000 24.0 Hussein et al. (2020)

Therefore, not only the nitrate concentration of water
should be considered, but food and other sources as well.
Anyway, total nitrates concentrations up to 1g/L of water
did not cause adverse effect in healthy lambs fed balanced
diet (Undersander et al. 2016).

Chlorides

Chlorides are the most common form of chlorine in water;
they can be present in various chemical forms naturally or
when added during water treatment (Olkowski, 2009).
Chlorides are generally sodium, magnesium, calcium, and
potassium, which give water a bitter taste and can cause
diarrhea (Cajape, 2021). The estimates of the adverse ef-
fects of chloride in the water itself are assumptions because
chloride in water under normal circumstances is generally
associated with sodium. Sodium chloride (NaCl) or com-
mon salt confers a salty taste to water. It is the most benefi-
cial combination of chlorides as a nutrient since it stimu-
lates consumption and favors food digestion. However, in
excess, it limits water consumption (Walker, 2021).

Microorganisms

Water can be an important reservoir and route of transmis-
sion for microorganisms. Although most of these microor-
ganisms are harmless, some can cause health problems in
livestock and be transmitted to humans (Carrasco-Letelier
et al. 2016; Mechan et al. 2021). Among these microorgan-
isms, we can find bacteria (e.g., Salmonella spp., Vibrio
cholera, Leptospira spp., Clostridium spp., and Escherichia
coli), viruses (rotavirus, some coronaviruses, etc.) and pro-
tozoan parasites (Cryptosporidium spp. and Giardia spp.)
(McAllister and Topp, 2012). Microorganisms, unlike
physical and chemical parameters that only show the punc-
tual situations at the time the sample was taken, reflect the
changes that have occurred in a water resource over time
and constitute an indicator of the degradation of water bod-
ies (Pullés, 2014; Rios-Tobon et al. 2017). Exposure of
grazing animals to pathogens in their drinking water
sources has been reported to pose a health risk and may
compromise livestock productivity. Lewerin et al. (2019)
reported using hydrological and hydrodynamic modeling
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that exposure of grazing cattle to pathogens such as E. coli,
Salmonella, and Cryptosporidium in their water source
poses a risk to both livestock and human health, as cattle
can be reservoirs and disseminators of these types of enteric
pathogens. In the regard to the presence of enteric bacteria
in drinking water sources for cattle, LeJeune et al. (2001)
sampled 473 cattle water troughs, from which they isolated
Salmonella spp. in 0.8% and E. coli 0157 in 1.3% of the
troughs, mentioning that the level of contamination by E.
coli increased as the distance between the troughs and the
feeders decreased, and as the exposure of the drinking wa-
ter to sunlight decreased. Likewise, other studies have re-
ported the detection of E. coli O157 in livestock water
sources, including ponds, free-flowing water such as
streams, and water tanks (Van Donkersgoed et al. 2001;
Shere et al. 2002; Renter et al. 2003). However, these stud-
ies do not evaluate the effects of the presence and consump-
tion of these bacteria in drinking water on health status and
productivity of livestock, so there is a necessity for in-
creased efforts to assess the health risk of exposing live-
stock to pathogenic microorganisms in their drinking water
sources. In this way, Cervantes-Noriega et al. (2022) con-
ducted a study where they evaluated the effects on health
and productivity of sheep that drank water without the de-
tectable presence of bacteria and sheep that drank water
with 93 MPN/ml of total coliforms, 47 MPN/mL of fecal
coliforms and 43 MPN/ml of E. coli. These authors report
an 8% increase in daily weight gain, a 3% improvement in
dietary energy utilization, and a 33% decrease in diarrhea in
sheep that drank water with no bacteria present.

Calcium and magnesium (hardness)

Hardness measures the concentration of divalent (positively
charged) metal cations dissolved in water. It is generally
expressed as the sum of calcium and magnesium concentra-
tions expressed as calcium carbonate equivalents; it is con-
sidered a global indicator of mineralization (Higgins and
Agouridis, 2008). Other cations such as zinc, strontium,
iron, aluminum, and manganese also contribute to hardness
but are generally present in lower concentrations (German
et al. 2008).

Some authors do not recommend the consumption of
'hard' water since it can increase the risk of urinary tract
disorders, such as urolithiasis. They mention that animals
should not drink this type of water since it increases the
content of mineral salts in the urine, causing saturation of
these salts, causing them to precipitate and allowing the
creation of crystals that adhere to each other when they are
not dissolved, increasing the growth of uroliths (Carrillo-
Diaz et al. 2015; Matto et al. 2015; Ramirez et al. 2020).

Water quality and dietary energy utilization

Most of the reports that study the effect of water quality on
animal productivity is focused on the relationship gain-to-
feed ratio. However, this ratio does not explain in a precise
manner the efficiency with which of the diet energy is util-
ized, due to confounding effects of ADG and DMI
(Andreini et al. 2020). Another approach to measure the
efficiency of diet energy utilization by animals is the ob-
served-to expected dietary net energy which is important
and practical applications of current standards for energet-
ics in nutrition research (Zinn et al. 2008; Estrada-Angulo
et al. 2013). The estimation of dietary net energy (NE)
based on measures of growth-performance and the ratio of
apparent energy retention per unit DMI reveal differences
in the efficiency of energy utilization of the diet itself, in-
dependently of confounding effects of average daily gain
(ADG) and DMI associated with gain efficiency measures
(gain-to-feed ratios). Thus, it provides important insight
into potential treatment (or environmental) effects on the
efficiency of energy utilization (Urias-Estrada et al. 2021).
An observed-to-expected dietary NE ratio of 1.00 indicates
that performance is consistent with dietary NE values based
on tables of feedstuff standards and observed DMI. A ratio
that is greater than 1.00 is indicative of greater efficiency of
dietary energy utilization. Whereas, a ratio that is lower
than 1.00 indicates lower than expected efficiency of en-
ergy utilization (Castro-Pérez et al. 2022). It is important to
highlight that the prediction equations are accurate as long
as the energy content of the diets is greater than 1.80 Mcal
of net energy for maintenance (range >1.80<2.30 Mcal
NEm/kg diet; Urias et al. 2021). Therefore, with diets with
lower energy content, this approach is not valid. There is
very little information about the effect of water quality on
efficiency of energy utilization of diet. Taken growth per-
formance data of Loneragan et al. (2001) from feedlot cat-
tle (consumed a diet with 2.18 Mcal NEm/kg) drinking wa-
ter contained high sulfur concentration (2,360 mg/L)
showed a lower 5.3% lower efficiency of energy utilization
when compared with cattle that receive water with low sul-
fur concentration (136 mg/L). Similarly, Zinn et al. (1997)
reported a diminished efficiency on energy utilization of
diet (2.26 Mcal NEm/kg diet) by 7% when cattle consumed
sulfur at a rate of 0.25% of DM intake. The impact on en-
ergy utilization when comparing “well water” (1933 SO,
mg/L) with filtered water (reverse osmosis, 608 SO, mg/L)
was less in feedlot cattle. In this sense, cattle that were of-
fered filtered water showed only 1.2% greater efficiency on
dietary energy utilization (1.003 vs. 0.991). Regarding feed-
lot lambs, no information about efficiency of energy utiliza-
tion is available.
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Furthermore, the literature available does not permit this
type of estimation because the diets offered in these ex-
periments are below of 1.80 Mcal NEm/kg diet. A recent
study (Cervantes-Noriega et al. 2022) evaluated well water
(WW, 776 mg/L TDS and CFU=93/mL) vs the same well
water filtered and sanitized (FILT, 256 TDS, non-detectable
UCF) in feedlot lambs fattening during 89 days with a high-
energy diet (1.98 Mcal NEm/kg diet). Lamb drinks FILT
showed an increase of 3% of dietary energy utilization
(1.02 vs. 0.99) and reduced 33% diarrhea frequency. In the
same way, FILT increased 5.3% carcass weight and 9.2%
longissimus muscle area. Those authors concluded that re-
duction of total solids at minimum and the elimination of
bacterial load promote a better energy utilization which is
reflected in improvements in growth and in some traits of
the carcass. It is necessary for further research to quantify
the effects of water quality on the efficiency utilization of
diet energy. For that, the recommendation of net energy
concentration in diets should be greater than 1.80 Mcal/kg
in those experiments.

CONCLUSION

Water is an essential nutrient, often disregarded since it is
consumed in large quantities. Poor quality water increases
the risk that its contaminants reach a level that can harm
health. Therefore, the quality and availability of drinking
water should be evaluated as a possible cause of inefficient
productive performance and non-specific diseases in live-
stock. Efforts to assess water quality must include obtaining
a complete history, considering existing standards, and rec-
ommending allowable limits for livestock drinking water
quality. The general recommendation is that each livestock
farm must carry out a physicochemical and microbiological
characterization of its drinking water and thus take the ap-
propriate actions to offer drinking water with the quality
characteristics that allow the animals, according to their
zootechnical purpose, to express their full potential. It is
necessary for further research to quantify the effects of wa-
ter quality on the efficiency utilization of diet energy. For
that, the recommendation of net energy concentration in
diets should be greater than 1.80 Mcal/kg in those experi-
ments.

ACKNOWLEDGEMENT

The authors are thankful for the efforts of their collabora-
tors at the University Autonumus of Sinaloa and the Uni-
versity Autonumus of Baja California.

REFERENCES

Akinmoladun O.F., Muchenje V., Fon F.N. and Mpendulo C.T.
(2019). Small ruminants: Farmers’ hope in a world threatened
by water scarcity. Animals. 9(7), 456-467.

Andreini E.M., Augenstein S.M., Fales C.S., Sainz R.D. and
Oltjen J.W. (2020). Effects of feeding level on efficiency of
high- and low-residual feed intake beef steers. J. Anim. Sci. 9,
1-9.

APHIS and USDA. (2000). Animal and Plant Health Inspection
Service and United States Department of Agriculture. Water
Quality in US. Feedlots: Info WebMD.
https://www.aphis.usda.gov/animal_health/nahms/feedlot/dow
nloads/feedlot99/Feedlot99 is Water Quality.pdf Accessed
Dec. 2022.

Assad F. and El-Sherif M.M.A. (2002). Effect of drinking saline
water and feed shortage on adaptive responses of sheep and
camels. Small Rumin. Res. 45, 279-290.

Bagley C., Kotuby-Amacher J. and Farrell-Poe K. (1997). Analy-
sis of Water Quality for Livestock (N.° 28; p. 7). Analysis of
water quality for livestock. Animal Health Fact Sheet. All Ar-
chived Publications, Utah State University, USA.

Beede D.K. (2012). What will our ruminants drink? Anim. Front.
2,36-43.

Bolafios-Alfaro J.D., Cordero-Castro G., Segura-Araya G., Bo-
lafios-Alfaro J.D., Cordero-Castro G. and Segura-Araya G.

sheet.

(2017). Determinacion de nitritos, nitratos, sulfatos y fosfatos
en agua potable como indicadores de contaminaciéon oca-
sionada por el hombre, en dos cantones de Alajuela (Costa
Rica). Rev. Tecnol. Marcha. 30, 15-27.

Cajape J.F. (2021). indice de calidad de agua de las fuentes
hidrica que abastecen al ganado bovino, parroquia Quiroga
MS. Thesis. Universidad Delarepublica Uruguay, USA.

Carrasco-Letelier L., Giannitti F. and Caffarena D. (2016). Cali-
dad del agua para la produccion animal. Rev. INIA Uruguay.
47, 35-37.

Carrillo-Diaz F., Salgado-Moreno S., Escalera-Valente F., Car-
mona-Gasca C., Pefia-Parra B. and Macias-Coronel H. (2015).
Urolitiasis en ovinos. Abanico Vet. 5, 49-57.

Carson T.L. (2000). Current knowledge of water quality and
safety for livestock. Vet. Clin. 16, 455-464.

Castro D.P.V., Yamamoto S.M., Araujo G.G.L., Pinheiro R.S.B.,
Queiroz M.A.A., Albuquerque I.R.R. and Moura JH.A.
(2017). Influence of drinking water salinity on carcass charac-
teristics and meat quality of Santa Inés lambs. Trop. Anim.
Health Prod. 49, 1095-1100.

Castro-Pérez B.1., Nuiiez-Benitez V.H., Estrada-Angulo A., Urias-
Estrada J.D., Gaxiola-Camacho S.M., Rodriguez-Gaxiola
M.A., Angulo-Montoya C., Barreras A., Zinn R.A., Perea-
Dominguez X.P. and Plascencia A. (2022). Evaluation of
standardized mixture of synbiotic-glyconutrients supple-
mented in lambs finished during summer season in tropical
environment: Growth performance, dietary energetics, and
carcass characteristics. Can J. Anim. Sci. 102, 155-164.

Cervantes-Noriega A., Lopez N., Estrada A., Castro-Pérez B.,
Ponce-Barraza E., Valencia G., Barreras-Serrano A. and Plas-
cencia A. (2022). The reduction of bacterial load and total
solid in drinking water qualified as “Clean” for livestock, in-

Iranian Journal of Applied Animal Science (2024) 14(1), 1-9


https://www.aphis.usda.gov/animal_health/nahms/feedlot/downloads/feedlot99/Feedlot99_is_Water%20Quality.pdf%20Accessed%20Dec.%202022
https://www.aphis.usda.gov/animal_health/nahms/feedlot/downloads/feedlot99/Feedlot99_is_Water%20Quality.pdf%20Accessed%20Dec.%202022
https://www.aphis.usda.gov/animal_health/nahms/feedlot/downloads/feedlot99/Feedlot99_is_Water%20Quality.pdf%20Accessed%20Dec.%202022

Cervantes ef al

creases growth performance and reduce diarrhea frequency in
finishing lambs. Adv. Anim. Vet. Sci. 10, 980-984.

Curran G. (2014). Water for livestock: Interpreting water quality
tests. NSW  Government. Primefact 533. WebMD.
https://www.dpi.nsw.gov.au/ data/assets/pdf file/0018/1113
48/water-for-livestock-interpreting-water-quality-tests.pdf Ac-
cessed Nov. 2022.

De Albuquerque {.R.R., De Araujo G.G.L., De Voltolini T.V.,
Moura J.H.A., Costa R.G., Gois G.C., Costa S.A.P., Campos
F.S., Queiroz M.A.A. and Santos N.M.S.S. (2020). Saline wa-
ter intake effects performance, digestibility, nitrogen and wa-
ter balance of feedlot lambs. Anim. Prod. Sci. 60(13), 1591-
1597.

De Almeida A.C., Magalhdes A.L.R., De Araujo G.G.L., Campos
E.S., Gois G.C., De Matos M.H.T., Queiroz M.A.A., Menezes
V.G., Costa C.J.P., dos Santos K.C. and Leite A.C.S.P. (2021).
Effect of reduced of water supply on carcass characteristics,

non-carcass components and the volume of digestive com-
partments of Santa Inés ewes. Livest. Sci. 245, 104402-
104410.

De Aratijo G.G.L., Costa S.A.P., Moraes S.A., Queiroz M.AA.,
Gois G.C., Santos N.M.S.S., De Albuquerque I.R.R., Moura
J.H.A. and Campos F.S. (2019). Supply of water with salinity
levels for Morada Nova sheep. Small Rumin. Res. 171, 73-76.

De Matos J.L., Furtado D.A., Ribeiro N.L., Medeiros G.R., Lopes
Neto J.P., Leite P.G., Rodrigues L.R. and Miranda J.R. (2021).
Salinity-water levels on productive performance, physiological
and behavioral responses of 2 Dorper x 2 Santa Inés cross-
bred sheep. Semin. Cienc. Agrar. 42(3), 1825-1836.

Ehrlenbruch R., Eknas M., Pollen T., Andersen I.L. and Bee K.E.
(2010). Water intake in dairy goats-The effect of different
types of roughages. Italian J. Anim. Sci. 9, 400-403.

Ensminger M.E., Oldfield J.E. and Heinemann W.W. (1990).
Feeds and nutrition: Formerly Feeds and nutrition. Ensminger
Publishing Company, Clovis, California, USA.

Estrada-Angulo A., Valdés Y.S., Carrillo-Muro O., Castro-Perez
B.I., Barreras A., Lopez-Soto M.A., Plascencia A., Davila-
Ramos H., Rios F.G. and Zinn R.A. (2013). Effects of feeding
different levels of chromium-enriched live yeast in hairy
lambs fed a corn-based diet: Effects on growth performance,
dietary energetics, carcass traits and visceral organ mass.
Anim. Prod. Sci. 53, 308-315.

Fernandez-Cirelli A., Schenone N., Pérez-Carrera A. and Volpedo
A. (2010). Calidad de agua para la produccion de especies
animales tradicionales y no tradicionales en Argentina. AUGM
DOMUS. 1, 45-66.

Forbes J. M. (1968). The water intake of ewes. British J. Nutr. 22,
33-43.

German D., Thiex N. and Wright C. (2008). Interpretation of Wa-
ter Analysis for Livestock Suitability. Agricultural Experiment
Station Circulars. Agricultural Experiment Station, South Da-
kota State University, Dakota, USA.

Herrera C.D. (2012). Comportamiento productivo y reproductivo
de vacas holstein que consume agua de pozo profundo y de
o6smosis inversa. MS Thesis. Chapingo Autonomous Univ.,
Texcoco de Mora, Mexico.

Higgins S.F. and Agouridis C.T. (2008). ID-170: Drinking Water
Quality Guidelines for Cattle. Publication No. ID-170, Univer-

sity of Kentucky Cooperative Extension Service, USA.

Hussein A., El-Ati M.A. and Abdelsattar M. (2020). The influence
of betaine supplementation on the deleterious effects of saline
water consumption on carcass characteristics and meat quality
of growing lambs. Egyptian J. Anim. Prod. 57, 33-41.

Irisk M. (2012). Water Quality for Livestock. University of Flor-
ida College of Veterinary Medicine. Available at:
https://vetmedextension.sites.medinfo.ufl.edu/files/2012/02/W
ater-quality-for-Livestock-FCA-mag-article-2010-
april210sent.pdf Accessed Nov. 2022.

Landefeld M. and Bettinger J. (2005). Water Effects on Livestock
Performance. Fact Sheet ANR-13-02. Ohio State University,
Agriculture and Natural Resources. Columbus, Ohio.

Lardy G., Stoltenow C. and Johnson R. (2008). Livestock and
Water. AS-954. Fargo, North Dakota State University, North
Dakota State, USA.

Lejeune J.T., Besser T.E., Merrill N.L., Rice D.H. and Hancock
D.D. (2001). Livestock drinking water microbiology and the
factors influencing the quality of drinking water offered to cat-
tle. J. Dairy Sci. 84, 1856-1862.

Lewerin S.S., Sokolova E., Wahlstrom H., Lindstrom G., Pers C.,
Stromqvist J. and Sorén K. (2019). Potential infection of graz-

ing cattle via contaminated water: A theoretical modeling ap-
proach. Animal. 13, 2052-2059.

Loneragan G.H., Wagner J.J., Gould D.H., Garry F.B. and Thoren
M.A. (2001). Effects of water sulfate concentration on per-
formance, water intake, and carcass characteristics of feedlot
steers. J. Anim. Sci. 79, 2941-2948.

Lépez A., Arroquy J.I. and Distel R.A. (2016). Early exposure to
and subsequent beef cattle performance with saline water.
Livest. Sci. 185, 68-73.

Mahdy C.I., Boaru A., Popescu S. and Borda C. (2016). Water
Quality, Essential Condition Sustaining the Health, Produc-
tion, Reproduction in Cattle-A review. Bull. UASVM Anim.
Sci. Biotechnol. 73(2), 113-125.

Marin U. (2022). Evaluacion de los recursos hidricos en explo-
taciones de ganaderia extensiva del suroeste ibérico. Ph D.
Thesis. Extremadura Univ., Spanish.

Masters D.G., Benes S.E. and Norman H.C. (2007). Biosaline
agriculture for forage and livestock production. Agric. Ecosyst.
Environ. 119, 234-248.

Matto C., Artia L., Belassi S. and Rivero R. (2015). Descripcion
de un foco de urolitiasis obstructiva obstructiva en un corral de
engorde de bovinos. Veterinaria. 51, 3-13.

Mcallister T.A. and Topp E. (2012). Role of livestock in microbi-
ological contamination of water: Commonly the blame, but
not always the source. Anim. Front. 2, 17-27.

Mcgregor B.A. (2004). Water quality and provision for goats. A
report for the Rural Industries research and Development Cor-
poration. RIRDC Publication, Barton, Australia.

Mdletshe Z.M., Chimonyo M., Marufu M.C. and Nsahlai I.V.
(2017). Effects of saline water consumption on physiological
responses in Nguni goats. Small Rumin. Res. 153, 209-211.

Meehan M., Stokka G. and Mostrom M. (2021). Livestock Water
Quality. Fargo, North Dakota State University, Dakota, USA.

Mengistu U.L., Puchala R., Sahlu T., Gipson T.A., Dawson L.J.
and Goetsch A.L. (2016). Comparison of different levels and
lengths of restricted drinking water availability and measure-



https://www.dpi.nsw.gov.au/__data/assets/pdf_file/0018/111348/water-for-livestock-interpreting-water-quality-tests.pdf%20Accessed%20Nov.%202022
https://www.dpi.nsw.gov.au/__data/assets/pdf_file/0018/111348/water-for-livestock-interpreting-water-quality-tests.pdf%20Accessed%20Nov.%202022
https://www.dpi.nsw.gov.au/__data/assets/pdf_file/0018/111348/water-for-livestock-interpreting-water-quality-tests.pdf%20Accessed%20Nov.%202022
https://vetmedextension.sites.medinfo.ufl.edu/files/2012/02/Water-quality-for-Livestock-FCA-mag-article-2010-april210sent.pdf
https://vetmedextension.sites.medinfo.ufl.edu/files/2012/02/Water-quality-for-Livestock-FCA-mag-article-2010-april210sent.pdf
https://vetmedextension.sites.medinfo.ufl.edu/files/2012/02/Water-quality-for-Livestock-FCA-mag-article-2010-april210sent.pdf

Water Quality and Small Ruminants’ Productivity

ment times with Katahdin sheep and Boer and Spanish goat
wethers. Small Rumin. Res. 144, 320-333.

Morgan S.E. (2011). Water quality for cattle. Vet. Clin. North Am.
27, 285-295.

Niles G.A. (2017). Toxicoses of the ruminant nervous system. Vet.
Clin. North Am. 33, 111-138.

NRC. (2007). Nutrient Requirements of Small Ruminants, Sheep,
Goats, Cervids, and New World Camelids. National Academy
Press, Washington, D.C., USA.

Olkowski A.A. (2009). Livestock Water Quality: A Field Guide
for Cattle, Horses, Poultry and Swine. University of Sas-

Ph D. Thesis. of Saskatche-
wan/Minister of Agriculture and Agri-Food, Canada.

Patterson T. and Johnson P. (2003). Effects of water quality on
beef cattle. Pp. 121-128 in Proc. 18" the Range Beef Cow
Symp., Mitchell, Nebraska.

Pereira M.L. and Ramirez B.D.G. (2021). Nitratos y nitritos, la
doble cara de la moneda. Rev. Nutr. Clin. Metab. 4(1), 1-16.
Petersen M.K., Muscha J.M., Mulliniks J.T. and Roberts A.J.
(2016). Water temperature impacts water consumption by

range cattle in winter. J. Anim. Sci. 94, 4297-4306.

Pullés M.R. (2014). Microorganismos indicadores de la calidad
del agua potable en cuba. Rev. CENIC Cienc. Biol. 45(1), 25-
36.

Quintuila A.B.C. and Faican R.P.F. (2019). Efecto de la calidad y
cantidad de agua administrada a los bovinos de leche y su
relacion con el bienestar animal. Rev. Ecuatoriana Cienc.
Anim. 3, 176-187.

Raisbeck M., BS S., Jackson R., Smith M., Reddy K.J. and BS J.
(2008). Water Quality for Wyoming Livestock and Wildlife. A
Review of the Literature Pertaining to the Health Effects of
Inorganic Contaminants. University of Wyoming, Laramie.
DCN CWT00481.

Ramirez M.A., Martinez A. and Robles C.A. (2020). Urolitiasis en
pequefios rumiantes (review). Rev. Cient. FAV-UNRC Ab In-
tus. 5, 112-122.

Renter D.G., Sargeant J.M., Oberst R.D. and Samadpour M.
(2003). Diversity, frequency, and persistence of Escherichia
coli O157 strains from range cattle environments. Appl. Envi-
ron. Microbiol. 69, 542-547.

Rios-Tobén S., Agudelo-Cadavid R.M. and Gutiérrez-Builes L.A.
(2017). Patogenos e indicadores microbioldgicos de calidad
del agua para consumo humano. Rev. Fac. Nac. Salud Publica.
35, 236-247.

Schoeman S.J. and Visser J.A. (1995). Water intake and consump-
tion in sheep differing in growth potential and adaptability.
South African J. Sci. 25, 75-79.

Sharma A., Kundu S.S., Tariq H., Kewalramani N. and Yadav
R.K. (2017). Impact of total dissolved solids in drinking water
on nutrient utilization and growth performance of Murrah buf-
falo calves. Livest. Sci. 198, 17-23.

Shere J.A., Kaspar C.W., Bartlett K.J., Linden S.E., Norell B.,
Francey S. and Schaefer D.M. (2002). Shedding of Es-
cherichia coli O157:H7 in dairy cattle housed in a confined
environment following waterborne inoculation. Appl. Environ.
Microbiol. 68, 1947-1954.

katchewan. University

Trheebilcock P.E. and Montoya H.J.A. (2018). Concentraciones
de nitratos en Brachiaria sp y su relacion con la metahemoglo-
binemia bovina en fincas ganaderas de Cérdoba. Instituto Co-
lombiano WebMD.
http://hdl.handle.net/20.500.12324/22769  Accessed  Dec.
2022.

Tsukahara Y., Puchala R., Sahlu T. and Goetsch A.L. (2016).
Effects of level of brackish water on feed intake, digestion,

Agropecuario.

heat energy, and blood constituents of growing Boer and
Spanish goat wethers. J. Anim. Sci. 94, 3864-3874.

Tuells I.G. and Erviti N.E. (2016). Determinacion e interpretacion
de calidad de agua destinadas a uso ganadero. Universidad

Available at:
https://repo.unlpam.edu.ar/handle/unlpam/1642 Accessed Oct.
2022.

Umar S., Munir M.T., Azeem T., Ali S., Umar W., Rehman A.
and Shah M. (2014). Effects of water quality on productivity
and performance of livestock: A mini review. Veterinaria. 2,
11-15.

Undersander D., Combs D., Shaver R., Schaefer D. and Thomas
D. (2016). Nitrate poisoning in cattle sheep and goats. Univer-
sity of Wisconsin-Extension. Available at:
https://fyi.extension.wisc.edu/forage/files/2016/09/NITRATE-
revised.pdf Accessed May. 2023.

Urias-Estrada J.D., Estrada-Angulo A., Castro-Pérez B.I., Plas-
cencia A., Perea-Dominguez X.P., Barreras A., Corona-Gochi

Nacional de La Pampa.

L. and Zinn R.A. (2021). Partial replacement of broom sor-
ghum panicle residue and tallow with whole cottonseed in
growing-finishing diets for lambs. J. Hellenic Vet. Med. Soc.
73, 4153-4158.

Van Donkersgoed J., Berg J., Potter A., Hancock D., Besser T.,
Rice D., LeJeune J. and Klashinsky S. (2001). Environmental
sources and transmission of Escherichia coli O157 in feedlot
cattle. Canadian Vet. J. 42, 714-720.

Walker F. (2021). Evaluacion de la aptitud del agua para consumo
animal. Pp. 42-84 in Manual de Buenas practicas para el Uso
del Agua para Ganaderia. D. Sosa and E. Diaz, Eds., Instituto
Nacional del Agua y Universidad Nacional de Entre Rios, Ar-
gentina, USA.

Wang H.B., Wu Y.H., Luo L.W., Yu T., Xu A., Xue S., Chen
G.Q., Ni X\Y., Peng L., Chen Z., Wang Y.H., Tong X., Bai
Y., Xu Y.Q. and Hu H.Y. (2021). Risks, characteristics, and
control strategies of disinfection-residual-bacteria (DRB) from
the perspective of microbial community structure. Water Res.
204, 117606.

Wilson A.D. (1966). The tolerance of sheep to sodium chloride in
food or drinking water. Australian J. Agric. Res. 17(4), 503-
514.

Whaley J., Froehlich K. and Carroll H. (2022). Sheep Water Re-
quirements and Quality Testing (H-4). South Dakota State
University, Dakota, USA.

Zinn R.A., Alvarez E., Mendez M., Montafio M., Ramirez E., and
Shen Y. (1997). Influence of dietary sulfur level on growth
performance and digestive function in feedlot cattle. J. Anim.
Sci. 75, 1723-1728.

Yousfi L., Ben Salem H., Aouadi D. and Abidi S. (2016). Effect of



http://hdl.handle.net/20.500.12324/22769
https://repo.unlpam.edu.ar/handle/unlpam/1642
https://fyi.extension.wisc.edu/forage/files/2016/09/NITRATE-revised.pdf
https://fyi.extension.wisc.edu/forage/files/2016/09/NITRATE-revised.pdf

Cervantes ef al

sodium chloride, sodium sulfate or sodium nitrite in drinking
water on intake, digestion, growth rate, carcass traits and meat
quality of Barbarine lamb. Small Rumin. Res. 143, 43-52.
Zinn R.A., Barreras A., Owens F.N. and Plascencia A. (2008).
Performance by feedlot steers and heifers: ADG, mature
weight, DMI and dietary energetics. J. Anim. Sci. 86, 1-10.




