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ABSTRACT: An experiment was conducted to assess 
the impact of increasing levels of supplemental soybean 
meal (SBM; 45.7% CP) in cattle consuming tropical 
grass hay (Panicum maximum cultivar Gatton; 7.0% CP 
and 81.8% NDF) and drinking low salt water (LS) or 
high salt water (HS). Six ruminally fistulated beef steers 
(BW = 375 ± 43 kg) were used in a 6-treatment, 4-period 
crossover experiment. Treatments were arranged as a 2 × 
3 factorial, with 2 levels salt in the water (LS and HS: 786 
and 6,473 mg/kg of total dissolved solids [TDS], respec-
tively) and 3 levels of SBM (0, 0.2, and 0.4% BW/d). 
After 15 d of adaptation to treatments, periods consisted 
of 5 d for intake and digestibility determination, 1 d for 
monitoring ruminal fermentation, 1 d for ruminal evacu-
ation, and 1 d for blood sampling. Supplemental SBM × 
water quality interactions were significant (P < 0.05) for 
most measures of intake, except for total tract digest-
ible OM intake (P = 0.38) and total tract digestible NDF 
intake (TTDNDFI; P = 0.32). At greater levels of SBM, 
forage OM intake, NDF intake, and water intake seemed 
to reach a plateau in LS while this was not observed in 

HS. Total tract digestible OM intake increased linearly 
(P = 0.01) and TTDNDFI tended to increase (P = 0.09) 
in response to increased SBM. Digestibility of OM and 
NDF were not affected by treatment (P > 0.21). Passage 
rate of acid detergent insoluble ash linearly increased (P < 
0.01) in response to SBM, although it was not affected 
by water quality (P = 0.98). Total VFA concentrations 
and ruminal pH were not affected (P > 0.60 and P > 
0.31, respectively) by treatment. Ruminal ammonia N 
levels were linearly increased by SBM supplementation 
(P < 0.01) but were not affected by water quality (P = 
0.25). However, ruminal ammonia tended (P = 0.09) to 
be greater in HS at 0.2% of SBM supplementation. No 
interaction was observed for plasma urea N (PUN; P = 
0.20). Plasma urea N was affected by SBM supplemen-
tation (P = 0.05) and water quality (P < 0.01). However, 
PUN did not differ for 0.4% SBM supplementation (P = 
0.30) either at LS or HS treatments. In conclusion, a high 
level of SBM supplementation (0.4% BW) counteracted 
the detrimental effect of high TDS in drinking water on 
low-quality forage consumption by cattle.

Key words: beef cattle, digestion, grass hay, intake, saline water, sulfate

© 2014 American Society of Animal Science. All rights reserved.  J. Anim. Sci. 2014.92:2152–2160
 doi:10.2527/jas2013-7138

INTRODUCTION

In the arid and semiarid subtropics of Argentina and 
other parts of the world, saline water (Basán-Nickisch, 
2007; FAO, 2007) and low-quality grass during the dry 
season can markedly reduce beef cattle performance. 
Protein supplementation to improve low-quality forage 
utilization by cattle has been well documented (Caton 
et al., 1988; Guthrie and Wagner, 1988; Cochran et al., 
1998). Meanwhile, previous research has also shown the 
adverse effect of saline water on feed and water intake 
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in cattle (Weeth and Hunter, 1971; Loneragan et al., 2001; 
Grout et al., 2006). However, the effect of the interaction 
between protein supplementation and saline water on low-
quality forage utilization by cattle has not been studied.

When ruminants are fed low-quality forages, the 
kidneys play a significant role in saving and recycling 
N. Sheep fed low N diets showed lower plasma filtration 
(Leng et al., 1985; Cirio and Boivin, 1990) and greater 
urea reabsorption in distal convoluted tubules of the kid-
ney (Isozaki et al., 1994; Starke et al., 2012). But kidney N 
reabsorption capacity may be affected by high consump-
tion of salt. Godwin and Williams (1984) and Meintjes 
and Engelbrecht (2004) observed greater urinary N excre-
tion and lower plasma urea N (PUN) in sheep consuming 
high levels of sodium chloride. Therefore, drinking of sa-
line water, in addition to the depression in feed and water 
intake, could modify the ability of ruminants to handle 
situations with N deficient forages. Hence, we hypoth-
esized that protein supplementation needed to maximize 
low-quality forage utilization is greater in cattle drink-
ing saline water. The objective of this study was to de-
termine the impact of increasing levels of soybean meal 
(SBM) supplementation on intake, digestion, and ruminal 
fermentation in beef steers fed low-quality forage, when 
drinking high or low salt water.

MATERIALS AND METHODS

The experimental animals were managed according 
to the institutional protocols approved by the Instituto 
Nacional de Tecnología Agropecuaria (National Institute 
of Agricultural Technology) for Experimental Animal 
Care and Use (INTA, 2013).

Experimental Design

Experimental treatments were applied according to a 
4-period crossover experiment. Ruminally fistulated beef 
steers (n = 6; 375 ± 43 kg BW) were assigned to individual 
pens (2 by 3.5 m) and fed chopped (40- by 40-mm screen) 
low-quality grass hay (Panicum maximum cultivar Gatton 
panic; Table 1). Treatments were arranged in a 2 × 3 fac-
torial, which resulted from the combination of 2 levels of 
salt in the water and 3 levels of SBM. The levels of salt 
in free-available water were 786 mg/kg of total dissolved 
solids (TDS; low salt water [LS]) or 6,473 mg/kg of TDS 
(high salt water [HS]; Table 2), whereas the levels of SBM 
were 0, 0.2, or 0.4% BW/d (DM basis). Low salt water was 
obtained from local tap water, whereas HS was artificially 
prepared by adding sodium chloride (NaCl) and sodium 
sulfate (Na2SO4) salts until a target concentration was 
reached: 7,000 mg/kg of TDS and 3,000 mg/kg of sulfates. 
The level of TDS of HS was fixed to reach the threshold by 
which feed and water intake is limited (NRC, 2000).

The basal diet of grass hay was offered once daily 
(0800 h) at 130% of voluntary intake after the steers con-
sumed all of the SBM. Steers were also fed daily 60 g of a 
trace mineral–salt mixture (mineral mix: 33% limestone, 
1.47% copper sulfate, 0.04% calcium iodate, 0.014% co-
balt carbonate, 6.67% magnesium oxide, 7.20% zinc sul-
fate, 0.014% sodium selenite, 3.88% iron sulfate, 2.67% 
calcium carbonate), formulated to meet or slightly exceed 
NRC (2000) recommendations. The mineral mixture was 
offered mixed with the SBM supplement.

Steers were subjected to each combination of wa-
ter quality and SBM for four 23-d periods. Days 1 to 
15 were for adaptation, 16 to 20 for forage and water 
intake and digestion measurements, 21 for monitoring 
ruminal fermentation, 22 for ruminal evacuation, and 23 
for blood sampling.

Sampling

Forage and orts samples were collected just before feed-
ing from d 16 to 20 and d 17 to 21, respectively, in each period. 
Fecal grab samples were collected from each steer every 6 h 
from d 16 to 18 to determine digestibility of the grass hay by 
an internal marker (acid detergent insoluble ash [ADIA]), ad-
vancing the sampling time 4 h each day to minimize concerns 
about diurnal variation in marker excretion. Composed wa-
ter samples were collected for each water quality throughout 
each experimental period. Ruminal fluid samples were col-
lected from each steer at 0, 4, 8, and 12 h after feeding on d 21. 
Ruminal fluid pH was determined using a portable pH meter 
with a combination electrode (Orion Research, Boston, MA) 
immediately following each collection. For ammonia analysis, 
2 mL of ruminal fluid from each collection were acidified with 
8 mL of 0.1 N HCl. Two milliliters of 25% (wt/vol) metapho-
sporic acid were also combined with 8 mL of ruminal fluid 
from each collection to be analyzed for VFA. Samples of ru-
minal fluid were kept frozen until analysis.

On d 22 of each period, ruminal evacuations were 
performed manually just before (0 h) and 4 h after feed-
ing to determine ruminal liquid and solid contents. Total 
ruminal contents were weighed, mixed, and sampled in 
triplicate for determination of moisture and ADIA con-
centrations. The remainder of the ruminal contents was 

Table 1. Grass hay and soybean meal chemical composition

 
Item

Grass hay Soybean meal
% of DM

OM 87.9 92.7
CP 7.0 45.7
NDF 81.8 28.4
ADF 54.0 11.8
ADIA1 4.9 0.4

1ADIA = acid detergent insoluble ash.
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replaced immediately into the rumen of each animal fol-
lowing sample collection.

On d 23 of each experimental period blood samples 
were collected from the jugular vein into heparinized 
tubes at approximately 8 h after feeding. Blood samples 
were placed on ice until the analysis was performed. For 
collections, steers were sedated with 1 mL of xylazine 
(100 mg/mL; Sedomin; König, Buenos Aires, Argentina).

Forage intake was calculated by subtracting OM re-
fused from dietary OM offered daily. Water consump-
tion was measured by the daily change in water depth in 
the tank of each steer. Digestibility was estimated by us-
ing ADIA as the internal marker following the procedure 
described by Cochran and Galyean (1994). Similarly, 
solid passage rate was estimated by dividing the rate at 
which the internal marker was consumed (ADIA intake; 
kg/h) by the amount of internal marker (kg ADIA) in the 
rumen at each evacuation time.

Laboratory Analysis

Forage, orts, fecal, and ruminal digesta samples 
were partially dried in a forced-air oven (96 h and 55°C), 
weighed, and ground (number 4 Wiley Mill; Thomas 
Scientific, Swedesboro, NJ) to pass through a 1-mm 
screen. Ground feeds and refusal samples collected were 
composed on an equal weight basis across days within 
each water quality and period. Fecal samples were com-
posed across day within steer and period. Ruminal digesta 
samples were composed by steer within each time period 
on an equal weight basis. Partially dried ground samples 
of feed, orts, and feces were dried for 24 h at 105°C for 
DM determination and then ashed for 3 h at 600°C for 
ash determination. Feed, orts, and fecal samples were 
analyzed for NDF and ADF with the ANKOM-Fiber 
Analyzer 200 (ANKOM Technology, Fairport, NY) using 
the procedure described by Komarek (1993). Sodium sul-
fite was used in the NDF analysis. Ruminal contents and 
fecal samples were analyzed for NDF, ADF, and ADIA 
using the standard procedures described by Van Soest et 
al. (1991). The NDF and ADF values reported contain re-

sidual ash. Feed samples were analyzed for total N using 
the procedure of Kjeldahl described by the Association of 
Official Analytical Chemists (AOAC, 1990). Frozen ru-
minal fluid samples were thawed at room temperature and 
centrifuged at 30,000 ×g for 10 min at 4° C, and the super-
nate was decanted to determine ammonia and VFA con-
centrations. Ruminal ammonia concentration was deter-
mined using the colorimetric procedure of Broderick and 
Kang (1980). Ruminal VFA were measured using a gas 
chromatograph (HRGC-3000C; Konik Group, Barcelona, 
Spain) equipped with a Zebron ZB-FFAP Capillary GC 
Column (15 m × 0.32 mm i.d., 0.25 μm film thickness; 
Phenomenex, Inc. (Torrance, CA). Oven temperature was 
programmed at 100°C, hold for 3 min, and increasing at 
8°C/min from 100 to 230°C. The carrier gas was N2 at 
1.2 mL/min. Split ratio was 30:1. Plasma urea N concen-
trations were determined by the Berthelot reaction.

Statistical Analysis

Intake, digestibility, ruminal contents, passage rate and 
PUN data were analyzed by the MIXED procedure of SAS 
(SAS Inst. Inc., Cary, NC) using the following model:

yijkl = μ + pi + sj + rk + cl + (rc)kl + εijkl,

in which yijkl is the response for the period i on steer j in 
SBM level k and water quality l, μ is the overall mean, 
pi is a random effect of period i, sj is a random effect of 
steer j, rk is a fixed effect of SBM level k, cl is a fixed ef-
fect of water quality l, (rc)kl is a fixed effect of the interac-
tion between SBM level k with water quality l, and εijkl is 
random error. Treatment means were calculated using the 
LSMEANS option. Ruminal pH and ruminal concentra-
tions of ammonia and VFA were also analyzed using the 
MIXED procedure of SAS as repeated measures (Littell et 
al., 1998). In this case the model of statistical analysis was

yijklz = μ + pi + sj + rk + cl + tz + (rc)kl + (rt)kz +  
   (ct)lz + (rct)klz + εijklz,

in which yijklz is the response for the period i on steer j in 
SBM level k and water quality l at time z, μ is the overall 
mean, pi is a random effect of period i, sj is a random ef-
fect of steer j, rk is a fixed effect of SBM level k, cl is a 
fixed effect of water quality treatment l, tz is a fixed effect 
of time, (rc)kl is a fixed effect of the interaction between 
SBM level k with water quality l, (rt)kz is a fixed effect 
of the interaction between SBM level k with time z, (ct)lz 
is a fixed effect of the interaction between water quality 
l with time z, (rct)klz is a fixed effect of the interaction 
between SBM level treatment k with water quality treat-
ment l and time z, and εijkl is random error. Treatment 
means were calculated using the LSMEANS option. 

Table 2. Total dissolved solids as well as mineral con-
tent of drinkable water

 
Item

LS1 HS
mg/kg

Total dissolved solids 786 6,473
Calcium 51 144
Magnesium 9 22
Sodium 196 2,026
Sulfate 240 2,890
Carbonate 235 244
Chloride 153 1,512

1LS = low salt water; HS = high salt water.
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Orthogonal polynomial contrasts (linear and quadratic) 
were used to partition treatment sum of squares.

RESULTS

Feed and Water Intake
Supplemental SBM × water quality interactions were 

significant for most measures of intake, except for total 
tract digestible OM intake (TTDOMI; P = 0.39) and 
total tract digestible NDF intake (TTDNDFI; P = 0.32). 
When steers drank LS, forage OM intake (FOMI), to-
tal OM intake (TOMI), NDF intake (NDFI), and water 
intake seemed to reach a plateau with the greatest level 
of supplemental SBM, whereas when they drank HS, 
protein supplementation increased all intake estimates 
(Table 3). Although there was no interaction, TTDOMI 
linearly increased (P = 0.01) and TTDNDFI tended to 
increase (P = 0.09) when low-quality grass hay was sup-
plemented with SBM (Table 3). It is important to note 
that there were not differences between water quality in 
TTDOMI (P = 0.45) and TTDNDFI (P = 0.27) for the 
highest level of SBM supplementation. Total OM and 
water intake (P < 0.01) as well as TTDNDFI (P < 0.05) 
increased linearly in response to SBM supplementation. 
Meanwhile FOMI and NDFI tended (P = 0.06) to im-
prove with supplemental SBM. Water quality adversely 
affected the consumption of water (P < 0.01) and forage 
(P < 0.01). However, water intake did not differ between 
LS and HS at the greatest level of SBM supplementation 
(P = 0.58; Table 3). Protein supplementation × water 
quality interactions were significant for water to TOMI 
ratio (P < 0.01). Water intake: TOMI ratio for HS was 
lower (P < 0.05) than for LS, due to a relatively low wa-
ter intake of steers drinking HS at the medium level of 
SBM supplementation (P < 0.01).

Total Tract Digestibility

There was no supplemental SBM × water quality in-
teraction for either total tract OM digestibility (TTOMD; 
P = 0.99) or total tract NDF digestibility (TTNDFD; P = 
0.96). Supplemental SBM and water quality did not affect 
either TTOMD (P = 0.64 and P = 0.21, respectively) or 
TTNDFD (P = 0.29 and P = 0.31, respectively; Table 4).

Ruminal Contents and Solid Passage Rate

Soybean meal supplementation × water quality inter-
action did not affect ruminal DM content (P = 0.34) or 
passage rate (P = 0.38; Table 4). Ruminal DM content 
was affected by water quality (P < 0.01) with values being 
lower for HS treatments (Table 4). Passage rate increased 
linearly (P < 0.01) in response to SBM supplementation, 
although it was not affected by water quality (P = 0.98).

Ruminal Fermentation Profile

Treatments did not affect either total VFA concentra-
tion or molar proportions, except for propionate and bu-
tyrate (Table 5). The former decreased (P < 0.05) and the 
latter increased (P = 0.05) with increasing supplemental 
SBM. High salt water tended to increase molar propor-
tion of propionate (P < 0.08). Ruminal pH was affected 
by sampling time (P < 0.01) only. The lowest pH was 
reached between 8 and 12 h after feeding. There was a 
SBM supplementation ×water quality × time interaction 
(P < 0.05) for ruminal ammonia. The interaction was pri-
marily due to greater ammonia concentration at 8 (P < 
0.01) and 12 (P < 0.05) h after feeding. Ruminal ammonia 
concentration increased linearly (P < 0.01) in response to 
supplemental SBM, whereas it tended to be greater (P = 
0.09) for HS than for LS at 0.2% of SBM (Fig. 1).

Table 3. Effects of supplemental soybean meal (SBM; 0, 0.2, and 0.4% BW) and water quality (WQ) on forage OM 
intake (FOMI), total OM intake (TOMI), NDF intake (NDFI), total tract digestible OM intake (TTDOMI), total tract 
digestible NDF intake (TTDNDFI), water intake (WI), and water intake to TOMI ratio (WI:TOMI) in beef steers fed 
low-quality grass hay

  

Items

Water quality1
 
 

SEM

P-value
LS HS SBM  

WQ
 

SBM × WQ0 0.2 0.4 0 0.2 0.4 Linear Quadratic
FOMI, g/kg BW0.75 46.0 55.7 55.5 33.0 40.9 48.1 4.07 0.06 0.52 <0.01 0.02
TOMI, g/kg BW0.75 46.0 63.4 71.1 33.0 48.6 63.7 3.96 <0.01 0.51 <0.01 0.02
NDFI, g/kg BW0.75 38.1 45.8 45.9 27.6 33.9 39.7 3.22 0.06 0.53 <0.01 0.03
TTDOMI, g/kg BW0.75 28.5 36.2 43.1 21.1 29.5 40.9 4.50 0.01 0.85 <0.01 0.39
TTDNDFI, g/kg BW0.75 27.4 29.2 31.6 19.7 23.3 28.9 3.99 0.09 0.79 <0.01 0.32
WI, g/kg BW0.75 250.0 378.5 341.5 156.0 194.7 357.0 26.60 <0.01 0.54 <0.01 <0.01
WI:TOMI, g/g 5.6 6.0 4.8 4.7 4.0 5.6 0.48 0.93 0.66 <0.05 <0.01

1LS = low salt water; HS = high salt water.
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Plasma Urea Nitrogen

Soybean meal supplementation × water quality inter-
action was not present for PUN (P = 0.20). Plasma urea 
N linearly increased in response to SBM supplementation 
(P < 0.05; Table 5), whereas HS increased PUN com-
pared with LS (P < 0.01). Plasma urea N was (P < 0.01) 
or tended (P = 0.06) to be greater for HS compared with 
LS for the first and second level of supplemental SBM, 
respectively, whereas it was not affected by water quality 
at 0.4% of SBM supplementation (P = 0.30).

DISCUSSION

The major aim of this experiment was to investigate 
the potential for an interaction between protein supple-
mentation (i.e., SBM level) and water quality (i.e., LS 
vs. HS) relative to their effect on low-quality forage and 
water intake as well as ruminal fermentation and total 
tract digestion. Significant interactions between SBM 
and water quality were observed for FOMI, TOMI, and 
NDFI, indicating that water quality differentially affects 
the response to protein supplementation. Additionally, 
protein supplementation and water quality also exerted 
an independent impact on feed and water intake such 
as was observed in previous works. In general, provid-
ing supplemental protein to cattle consuming low and 
medium quality grass hay improves forage utilization 
(Köster et al., 1996; Bandyk et al., 2001; Wickersham 
et al., 2004). On the other hand, high concentrations of 
salts in drinking water (especially sulfates) reduce feed 
and water intake in cattle (Weeth and Hunter, 1971; 
Harper et al., 1997; Loneragan et al., 2001). In gen-
eral, in our experiment we observed a similar response 
(i.e., 20%) in forage intake independent of water quality 
when SBM supplementation increased from 0.0 to 0.2% 
BW. At greater levels of supplementation (0.4% BW), 
forage intake seemed to reach a plateau in LS, whereas 
it kept increasing at the same pace in steers consuming 
HS. In fact, forage intake increased almost 40% when 
it was supplemented with the greatest level of SBM in 
steers drinking HS. The plateau observed in LS was 

an expected response because we selected SBM levels 
above ruminal degradable protein (RDP) requirements 
to maximize forage utilization. Mathis et al. (1999) ob-
served a plateau for FOMI when SBM was fed at 0.16% 
BW to beef cows consuming low-quality forage.

Protein supplementation has been observed to stim-
ulate low-quality forage intake basically by increasing 
digestion and passage rate. Wickersham et al. (2004) ob-
served that TTOMD as well as TTNDFD and rate of pas-
sage increased linearly when RDP was supplemented to 
steers fed low-quality grass hay. In our study, increased 
forage intake in response to SBM supplementation is 
largely explained by an increase in rate of passage, be-
cause there were no differences in total tract digestibility 
or ruminal contents. The lack of effect on TTOMD and 
TTNDFD may have been due to the fact that the increase 
in passage rate was probably similar to the increase in di-
gestion rate, to the quality of the basal forage used, or to 
a combination of both. The response of fiber digestion to 
protein supplementation is somewhat variable in the lit-
erature. Mathis et al. (2000) conducted 3 experiments in 
which they assessed the effects of supplemental RDP on 
intake of medium to low-quality forages by beef steers. 
They observed effects of protein supplementation on 
FOMI, TOMI, and TTOMD when forage CP was 4.3%, 
whereas when forage CP was greater (i.e., 5.9 or 8.1%), 
they did not observe any response to RDP supplementa-
tion. A range of 6 to 8% CP in the basal forage is consid-
ered to be the threshold for a response to protein supple-
mentation (DelCurto et al., 2000). In our study, forage 
CP (7.0%) and NDF (81.8%) were greater than those in 
forages used in other experiments (Köster et al., 1996; 
Mathis et al., 1999; Bandyk et al., 2001). Therefore, in 
our study it appears that ruminal N availability may not 
have been limiting fiber digestion. In their studies with 
low-quality forages, Köster et al. (1996), Mathis et al. 
(1999), and Bandyk et al. (2001) reported ruminal am-
monia values lower than 0.7 mM when no protein was 
supplemented, while we measured 2.55 mM in the treat-
ment with 0% SBM. On the other hand, the increase 
in the rate of passage in our experiment was similar to 

Table 4. Effects of supplemental soybean meal (SBM) and water quality (WQ) on total tract OM digestibility 
(TTOMD), total tract NDF digestibility (TTNDFD), ruminal content, and passage rate in beef steers fed low-quality 
grass hay

 
 
Items

Water quality1
 
 

SEM

P-value
LS HS SBM  

WQ
 

SBM × WQ0 0.2 0.4 0 0.2 0.4 Linear Quadratic
TTOMD, % 60.7 56.3 60.4 64.6 60.6 64.3 5.46 0.95 0.39 0.21 0.99
TTNDFD, % 63.0 52.9 55.9 65.5 57.6 58.7 5.65 0.25 0.28 0.31 0.96
Ruminal content, g/kg BW0.75 105.9 101.7 92.3 99.1 84.0 85.1 7.68 0.24 0.76 <0.01 0.34
Passage rate, %/h 1.90 2.40 3.40 1.22 2.85 3.60 <0.01 <0.01 0.79 0.98 0.38

1LS = low salt water; HS = high salt water.
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those reported by other researchers (Guthrie and Wagner, 
1988; Bodine et al., 2000; Wickersham et al., 2004). We 
observed a marked increase in the rate of passage in 
response to increasing level of SBM supplementation, 
which would partially explain the concurrent increase in 
forage intake. Egan and Moir (1965) stated that protein 
supplementation stimulates passage rate and intake by 
increasing gastrointestinal motility. However, passage 
rate was not affected by water quality, so it does not 
seem to explain the interaction between FOMI, TOMI, 
and NDFI with water quality. On the other hand, it is 
important to note that even though there was no inter-
action between either TTDOMI or TTDNDFI and wa-
ter quality, no differences were observed between LS 
and HS in TTDOMI or TTDNDFI at the greatest level 
of SBM supplementation. The greater proportional in-
creases in TTDOMI compared to TOMI observed in 
this study seems to have been due to SBM supply per se 
rather than a combined effect with TTOMD. The addi-
tion of SBM did not increase TTDNDFI in LS but did in 
HS (approximately 47% compared to the control). But 
the potential to stimulate OM intake via RDP has lim-
its (Mathis et al., 1999; Moore et al., 1999). Köster et 
al. (1996) observed that FOMI increased quadratically 
with increasing protein supplementation of low-quality 
forage. They concluded that TTDOMI was maximized 
when RDP to TTDOMI ratio was about 11%, although 
RDP requirements vary with inherent characteristics 
of forage. Therefore, it is generally accepted that RDP 
should fall in the range of 7 to 13% of the organic matter 
digestibility OMD (Hollingsworth-Jenkins et al., 1996; 
Cochran et al., 1998) to achieve maximum forage utili-
zation. In the present study, the lowest content of RDP 
was about 6% of TTDOMI. Therefore, our results sug-

gest that saline water might alter RDP’s requirements 
to maximize forage utilization. However, it is unlikely 
that these levels of ruminally available N had not been 
enough to meet the needs of ruminal microorganisms. 
Ruminal ammonia concentration and RDP to TTDOMI 
ratio were far above the values proposed by other au-
thors (Cochran et al., 1998; Satter and Slyter, 1974; 
Hollingsworth-Jenkins et al., 1996). We have calculated 
RDP to TTDOMI ratios of 13 and 18% for 0.2 and 0.4% 
BW of SBM supplementation, respectively.

An important factor not taken into account in studies 
of protein supplementation of low quality forages is water 
consumption. Because of the close relationship between 
the consumption of water and food, it is reasonable to 
expect a decrease in DMI with water intake restriction 
(Silanikove, 1992). Some research indicates that restric-
tions greater than 30% in water intake decrease voluntary 
DMI (Weeth et al., 1968; Utley et al., 1970; Burgos et al., 
2001). High amounts of sulfate reduces water intake and 
hence the consumption of food (Weeth and Hunter, 1971; 
Digesti and Weeth, 1976; Grout et al., 2006). Patterson 
et al. (2003) conducted a study in which food and wa-
ter intake of growing steers decreased quadratically and 
linearly, respectively, in response to increases TDS and 
sulfates concentration in drinking water. They conclud-
ed that water with 7,000 mg/kg TDS and 4,600 mg/kg 
sulfates reduce animal health and performance. Other 
factors such as digestion and renal protein excretion may 
also be affected by water restriction (Weeth et al., 1970; 
Van der Walt et al., 1999; Burgos et al., 2001). Similarly 
to Weeth and Hunter (1971) and Grout et al. (2006), 
we observed a reduction of 40 and 28% in water and 
TOMI, respectively, in HS without SBM relative to LS 
without SBM supplementation. However, at the great-

Table 5. Effects of increasing amount of soybean meal (SBM) and water quality (WQ) on ruminal pH, ruminal ammo-
nia, plasma urea nitrogen, total ruminal VFA concentration, and proportions in beef steers fed low-quality grass hay

  

Item

Water quality1
 
 

SEM

P-value
LS HS SBM  

WQ
 

SBM × WQ0 0.2 0.4 0 0.2 0.4 Linear Quadratic
pH 6.92 6.67 6.57 6.73 6.67 6.63 0.09 0.16 0.70 0.32 0.30
Ammonia N, mM 1.70 7.75 15.48 3.39 12.28 14.03 1.66 <0.01 0.34 0.25 0.23
PUN,2 mg/dL 20.5 28.5 38.5 31.0 34.3 41.5 5.2 0.02 0.64 <0.01 0.20
Total VFA, mM 99.7 116.5 112.6 105.5 100.1 110.1 9.4 0.43 0.89 0.60 0.54
Percentage of ruminal VFA,3 mol/100 mol

ACE 81.5 81.9 81.2 81.0 81.5 81.4 0.4 0.93 0.16 0.35 0.47
PROP 13.9 13.4 13.4 14.5 13.6 13.8 0.4 0.03 0.06 0.08 0.78
BUT 3.40 3.64 3.99 3.43 3.65 3.57 0.12 0.05 0.67 0.32 0.29
ISOBUT 0.43 0.42 0.55 0.43 0.48 0.47 0.06 0.12 0.58 0.81 0.34
VAL 0.24 0.21 0.28 0.18 0.27 0.22 0.03 0.25 0.81 0.46 0.24
ISOVAL 0.44 0.48 0.57 0.40 0.56 0.54 0.07 0.12 0.61 0.94 0.68

1LS = low salt water; HS = high salt water.
2PUN = plasma urea N.
3VFA: ACE = acetate; PROP = propionate; BUT = butyrate, ISOBUT = isobutyrate; VAL = valerate; ISOVAL = isovalerate.
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est level of SBM supplementation, there were no differ-
ences in water intake between steers drinking HS or LS. 
Increasing protein content of the diet has been reported 
to elicit water intake (Holter and Urban, 1992; NRC, 
2000). According to Godwin and Williams (1984), total 
water intake shows a curvilinear increase with increas-
ing nitrogen intake. These authors suggested that urine 
production is increased in response to increasing N in-
take. This may be due to the diuretic effect of increased 
protein intake (Dinn et al., 1998) through an increased 
glomerular filtration rate (Eriksson and Valtonen, 1982; 
Godwin and Williams, 1984). Results of our experiment 
suggest that high levels of protein supplementation can, 

to some extent, reverse the effect of TDS and sulfates on 
water intake. As water intake:TOMI ratio remained con-
stant, increases in water intake resulted in an increase in 
TOMI. These results support Wilson and Hindley (1970) 
and Wilson and Dudzinski (1973) studies, in which they 
suggested that the reduction in DMI is attributable to 
low consumption of HS instead of a lower salt toler-
ance. Wilson and Dudzinski (1973) conducted a study 
in which they assessed the influence of not only the con-
centration but also the volume of saline water (1.5 and 
2% sodium chloride) consumed on food intake by sheep. 
Saline water decreased food intake, except when ani-
mals increased saline water consumption. In our study, 
increases in saline water and sulfates intake did not alter 
animal health. Waters with high sulfates content have 
the potential to generate polioencephalomalacia (PEM; 
McAllister et al., 1997), due to the production of a toxic 
gas (hydrogen sulfide [H2S]) from the reduction of sul-
fates by ruminal bacteria. However, we did not observe 
any symptoms characteristics of PEM in the present 
study. One possible explanation may be that H2S pro-
duction had not been high enough to induce PEM. The 
amount of gas in the rumen increases with diets high 
in nonfiber carbohydrates and low in fiber (Gould et al., 
1997; Gould, 2000), where ruminal pH is generally low-
er. We recorded pH > 6.60, which may have inhibited 
the formation H2S from sulfide decreasing the accumu-
lation of gas in the rumen (Richter, 2011).

The lack of response in total VFA concentration in our 
study may have been due to the fact that TTOMD was 
not affected by increasing levels of SBM supplementation 
(McCollum and Galyean, 1985; DelCurto et al., 1990).

Ruminal ammonia levels and PUN increased linearly 
with increasing SBM supplementation, which is in con-
cordance with the literature (Bodine et al., 2000; Bandyk 
et al., 2001; Muscher et al., 2010). However, some im-
portant considerations should be taken into account with 
respect to the effect of water quality. Although ruminal 
ammonia concentration was not affected by water qual-
ity, PUN was increased. When the animal body needs 
to save water, urea reabsorption in the kidney increases. 
Reduction in the amount of urea loss through urine was 
observed when water intake was restricted (Leng and 
Szanyiová, 1987; Van der Walt et al., 1999). Previous 
works highlighted the importance of the kidney as a 
mechanism to conserve N (Leng and Szanyiová, 1987; 
Faix et al., 1988; Marini et al., 2004). In a recent experi-
ment, Starke et al. (2012) observed that N reabsorption 
in goat increased in response to a low protein diet by an 
increase in the expression of specialized urea transport-
ers localized in the kidney. In our study, the high concen-
tration of PUN in HS may have been due to restriction of 
water intake, which resulted in a lower removal of urea 
through the urine. However, when water intake did not 

Figure 1. Effect of water quality on ruminal ammonia concentration 
after feeding for 3 levels of soybean meal (SBM) supplementation: 0, 0.2, and 
0.4% BW/d. Effects: SBM linear, P < 0.01; SBM quadratic, P = 0.34; water, 
P = 0.25; SBM × water, P = 0.23; and SBM × water × Time, P < 0.05. “×” in-
dicates significant difference (P < 0.05) between low salt water (LS) and high 
salt water (HS) for each sampling time within level of SDM supplementation. 
Error bars represent ±1 SEM.
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differ (at the greatest level of SBM), PUN was similar 
between LS and HS. The level of PUN is an important 
factor in determining the amount of urea recycled to the 
rumen (NRC, 2000; Wickersham et al., 2008). At rumi-
nal ammonia concentration lower than 4 mM, PUN is 
positively correlated with the amount the urea-N recy-
cled to the rumen (Lapierre and Lobley, 2001). Previous 
work has demonstrated the importance of N recycling 
when low-quality forage is fed (Wickersham et al., 2008, 
2009). Bandyk et al. (2001) conducted an experiment in 
which assessed the effects of ruminal vs. postruminal ad-
ministration of casein on utilization of low-quality for-
ages in beef steers. They attributed the improved forage 
utilization to recycling of postruminal infused protein. 
In our study, although N recycling was not measured, 
the greater concentration of ruminal ammonia observed 
for HS over LS both at 0.2% SBM may have been as a 
result of recycling mechanisms. Because of the impor-
tance of urea recycling in providing ruminally available 
N in animals consuming low quality forages and the po-
tential effect that HS has on the retention of N in the kid-
ney, this issue requires more investigation in the future.

According to our results, high levels of SBM supple-
mentation (0.4% BW) counteracted the detrimental ef-
fect of saline water on low-quality forage consumption 
by cattle, thereby showing the existence of an interaction 
between water quality and supplemental protein for total 
and forage intake. However, such an interaction was not 
evident for digestible OM intake. Observed values of 
PUN suggest that high levels of salt in water decreases 
urinary N excretion, which may increase N recycling to 
the rumen. However, the mechanism by which protein 
supplementation could alleviate the negative effects of 
salty water remains unclear and will be an objective of 
future research directions.

LITERATURE CITED
Association of Official Analytical Chemists (AOAC). 1990. Official 

methods of analysis. 15th ed. AOAC, Arlington VA.
Bandyk, C. A., R. C. Cochran, T. A. Wickersham, E. C. Titgemeyer, 

C. G. Farmer, and J. J. Higgins. 2001. Effect of ruminal vs. 
postruminal administration of degradable protein on utilization 
of low-quality forage by beef steers. J. Anim. Sci. 79:225–231.

Basán-Nickisch, M. 2007. Manejo de los recursos hídricos en zonas 
áridas y semiáridas para áreas de secano. (In Spanish.) Instituto 
Nacional de Tecnología Agropecuaria, Buenos Aires, Argentina.

Bodine, T. N., H. T. Purvis, C. J. Ackerman, and C. L. Goad. 2000. 
Effects of supplementing prairie hay with corn and soybean 
meal on intake, digestion, and ruminal measurements by beef 
steers. J. Anim. Sci. 78:3144–3154.

Broderick, G. A., and J. H. Kang. 1980. Automated simultaneous de-
termination of ammonia and total amino acids in ruminal fluid 
and in vitro media. J. Dairy Sci. 63:64–75.

Burgos, M. S., M. Senn, F. Sutter, M. Kreuzer, and W. Langhans. 
2001. Effect of water restriction on feeding and metabolism 
in dairy cows. Am. J. Physiol. Regul. Integr. Comp. Physiol. 
280:R418–R427.

Caton, J. S., A. S. Freeman, and M. L. Galyean. 1988. Influence of 
protein supplementation on forage intake, in situ forage dis-
appearance, ruminal fermentation and digesta passage rates 
in steers grazing dormant blue grama rangeland. J. Anim. Sci. 
66:2262–2271.

Cirio, A., and R. Boivin. 1990. Extractionrenale du para-aminohip-
purate et de l’inulinechez le moutoncarence en proteines. (In  
French.) Ann. Rech. Vet. 21:167–170.

Cochran, R. C., and M. L. Galyean. 1994. Measurements of in vivo for-
age digestion by ruminants. In: G. C. Fahey Jr., M. C. Collins, D. 
R. Mertens, and L. E. Moser, editors, Forage quality, evaluation, 
and utilization. ASA-CSSA-SSSA, Madison, WI. p. 613–643.

Cochran, R. C., H. H. Köster, K. C. Olson, J. S. Heldt, C. P. Mathis, 
and B. C. Woods. 1998. Supplemental protein sources for graz-
ing cattle. In: 9th Florida Ruminant Nutrition Symposium, 
Gainesville. p. 123–136.

DelCurto, T., R. C. Cochran, L. R. Corah, A. A. Beharka, E. S. 
Vanzant, and D. E. Johnson. 1990. Supplementation of dormant 
tallgrass-prairie forage: II. Performance and forage utilization 
characteristics in grazing beef cattle receiving supplements of 
different protein concentrations. J. Anim. Sci. 68:532–542.

DelCurto, T., B. W. Hess, J. E. Huston, and K. C. Olson. 2000. Optimum 
supplementation strategies for beef cattle consuming low-quality 
roughage in the western of United States. J. Anim. Sci. 77:1–16.

Digesti, R. D., and H. J. Weeth. 1976. A defensible maximum for inor-
ganic sulfate in drinking water of cattle. J. Anim. Sci. 42:1498–1502.

Dinn, N. E., J. A. Shelford, and L. J. Fisher. 1998. Use of the Cornell 
Net Carbohydrate and Protein System and rumen-protected ly-
sine and methionine to reduce nitrogen excretion from lactating 
dairy cows. J. Dairy Sci. 81:229–237.

Egan, A. R., and R. J. Moir. 1965. Nutritional status and intake regu-
lation in sheep. I. Effects of duodenally infused single doses of 
casein, urea, and propionate upon voluntary intake of a low-
protein roughage by sheep. Aust. J. Agric. Res. 16:437–449.

Eriksson, L., and M. Valtonen. 1982. Renal urea handling in goats 
fed high and low protein diets. J. Dairy Sci. 65:385–389.

Faix, S., L. Leng, M. Szanyiova, and K. Boda. 1988. Effect of dietary 
energy intake on tubular reabsorption of urea in sheep. Physiol. 
Bohemoslov. 37:493–501.

Food and Agriculture Organization of the United Nations (FAO). 
2007. Water quality for livestock and poultry. In: Water qual-
ity for agriculture. www.fao.org/docrep/003/t0234e/T0234E07.
htm#ch6 Accessed Sep. 29, 2011.

Godwin, I. R., and V. J. Williams. 1984. Renal control of plasma 
urea level in sheep: The diuretic effect of urea, potassium and 
sodium chloride. Exp. Physiol. 69:49–59.

Gould, D. H. 2000. Update on sulfur-related polioencephalomalacia. 
Vet. Clin. North Am. Food Anim. Pract. 16:481–495.

Gould, D. H., B. A. Cummings, and D. W. Hamar. 1997. In vivo indi-
cators of pathologic ruminal sulfide production in steers with di-
et-induced polioencephalomalacia. J. Vet. Diagn. Invest. 9:72–76.

Grout, A. S., D. M. Veira, D. M. Weary, M. A. G. von Keyserlingk, and D. 
Fraser. 2006. Differential effects of sodium and magnesium sulfate 
on water consumption by beef cattle. J. Anim. Sci. 84:1252–1258.

Guthrie, M. J., and D. G. Wagner. 1988. Influence of protein or grain 
supplementation and increasing levels of soybean meal on in-
take, utilization and passage rate of prairie hay in beef steers 
and heifers. J. Anim. Sci. 66:1529–1537.

Harper, G. S., T. J. King, B. D. Hill, C. M. L. Harper, and R. A. 
Hunter. 1997. Effect of coal mine pit water on the productivity 
of cattle II. Effect of increasing concentrations of pit water on 
feed intake and health. Aust. J. Agric. Res. 48:155–164.

Hollingsworth-Jenkins, K. J., T. J. Klopfenstein, D. C. Adams, and 
J. B. Lamb. 1996. Ruminally degradable protein requirement 
of gestating beef cows grazing native winter sandhills range. J. 
Anim. Sci. 74:1343–1348.



López et al.2160

Holter, J. B., and W. E. Urban. 1992. Water partitioning and intake predic-
tion in dry and lactating holstein cows. J. Dairy Sci. 75:1472–1479.

Instituto Nacional de Tecnología Agropecuaria (INTA). 2013. 
Guía para cuidado y uso de animales de experimentación. (In 
Spanish.) http://inta.gob.ar/documentos/manuales-sobre-cuida-
do-y-supervisacion-y-uso-de-animales Accessed Feb. 19, 2013.

Isozaki, T., A. G. Gillin, C. E. Swanson, and J. M. Sands. 1994. 
Protein restriction sequentially induces new urea transport pro-
cesses in rat initial IMCD. Am. J. Physiol. 266:F756–F761.

Komarek, A. R. 1993. A filter bag procedure for improved efficiency 
of fiber analysis. J. Anim. Sci. 76(Suppl. 1):250 (Abstr.).

Köster, H. H., R. C. Cochran, E. C. Titgemeyer, E. S. Vanzant, I. 
Abdelgadir, and G. St-Jean. 1996. Effect of increasing degrad-
able intake protein on intake and digestion of low-quality, tall-
grass-prairie forage by beef cows. J. Anim. Sci. 74:2473–2481.

Lapierre, H., and G. E. Lobley. 2001. Nitrogen recycling in the rumi-
nant: A review. J. Dairy Sci. 84:E223–E236.

Leng, L., and M. Szanyiová. 1987. Renal retention of urea in sheep. 
Vet. Med. 32:201–208.

Leng, L., M. Szanyiova, and K. Boda. 1985. The renal response of sheep 
to a low dietary nitrogen intake. Physiol. Bohemoslov. 34:147–154.

Littell, R. C., P. R. Henry, and C. B. Ammerman. 1998. Statistical 
analysis of repeated measures data using SAS procedures. J. 
Anim. Sci. 76:1216–1231.

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

Marini, J. C., J. D. Klein, J. M. Sands, and M. E. Van Amburgh. 2004. 
Effect of nitrogen intake on nitrogen recycling and urea trans-
porter abundance in lambs. J. Anim. Sci. 82:1157–1164.

Mathis, C. P., R. C. Cochran, J. S. Heldt, B. C. Woods, I. E. Abdelgadir, 
K. C. Olson, E. C. Titgemeyer, and E. S. Vanzant. 2000. Effects 
of supplemental degradable intake protein on utilization of me-
dium to low-quality forages. J. Anim. Sci. 78:224–232.

Mathis, C. P., R. C. Cochran, G. L. Stokka, J. S. Heldt, B. C. Woods, 
and K. C. Olson. 1999. Impacts of increasing amounts of sup-
plemental soybean meal on intake and digestion by beef steers 
and performance by beef cows consuming low-quality tallgrass-
prairie forage. J. Anim. Sci. 77:3156–3162.

McAllister, M. M., D. H. Gould, M. F. Raisbeck, B. A. Cummings, 
and G. H. Loneragan. 1997. Evaluation of ruminal sulfide con-
centrations and seasonal outbreaks of polioencephalomalacia in 
beef cattle in a feedlot. J. Am. Vet. Med. Assoc. 211:1275–1284. 

McCollum, F. T., and M. L. Galyean. 1985. Influence of cottonseed meal 
supplementation on voluntary intake, rumen fermentation and rate 
of passage of prairie hay in beef steers. J. Anim. Sci. 60:570–577.

Meintjes, R. A., and H. Engelbrecht. 2004. Changes in the renal han-
dling of urea in sheep on a low protein diet exposed to saline 
drinking water. Onderstepoort J. Vet. Res. 71:165–170.

Moore, J. E., M. H. Brant, W. E. Kunkle, and D. I. Hopkins. 1999. 
Effects of supplementation on voluntary forage intake, diet di-
gestibility, and animal performance. J. Anim. Sci. 77:122–135.

Muscher, A. S., B. Schröder, G. Breves, and K. Huber. 2010. Dietary 
nitrogen reduction enhances urea transport across goat rumen 
epithelium. J. Anim. Sci. 88:3390–3398.

NRC. 2000. Nutrient requirements of beef cattle. 7th rev. ed. Natl. 
Acad. Press, Washington, DC.

Patterson, H. H., P. S. Johnson, W. B. Epperson, and R. Haigh. 2003. Effect 
of total dissolved solids and sulfates in drinking water for growing 
steers. Proc. - Am. Soc. Anim. Sci., West. Sect. 54:378–380.

Richter, E. L. 2011. The effect of dietary sulfur on performance, min-
eral status, rumen hydrogen sulfide, and rumen microbial popu-
lations in yearling beef steers. MS Thesis. Iowa State University, 
Ames, IA.

Satter, L. D., and L. L. Slyter. 1974. Effect of ammonia concentration on 
rumen microbial protein production in vitro. Br. J. Nutr. 32:199–208.

Silanikove, N. 1992. Effects of water scarcity and hot environment 
on appetite and digestion in ruminants: A review. Livest. Prod. 
Sci. 30:175–194.

Starke, S., A. S. Muscher, N. Hirschhausen, E. Pfeffer, G. Breves, and K. 
Huber. 2012. Expression of urea transporters is affected by dietary 
nitrogen restriction in goat kidney. J. Anim. Sci. 90:3889–3897.

Utley, P. R., N. W. Bradley, and J. A. Boling. 1970. Effect of re-
stricted water intake on feed intake, nutrient digestibility and 
nitrogen metabolism in steers. J. Anim. Sci. 31:130–135.

Van der Walt, J. G., E. A. Boomker, and A. Meintjes. 1999. Effect 
of water intake on the nitrogen balance of sheep fed a low or a 
medium protein diet. S. Afr. J. Anim. Sci. 29:105–119.

Van Soest, P. J., J. B. Robertson, and B. A. Lewis. 1991. Methods for 
dietary fiber, neutral detergent fiber and nonstarch polysaccha-
rides in relation to animal nutrition. J. Dairy Sci. 74:3583–3597.

Weeth, H. J., and J. E. Hunter. 1971. Drinking of sulfate-water by 
cattle. J. Anim. Sci. 32:277–281.

Weeth, H. J., A. L. Lesperance, and V. R. Bohman. 1968. Intermittent 
saline watering of growing beef heifers. J. Anim. Sci. 27:739–744.

Weeth, H. J., R. Witton, C. F. Speth, and C. R. Blincoe. 1970. Renal pro-
tein excretion by cattle deprived of water. J. Anim. Sci. 30:219–224.

Wickersham, T. A., R. C. Cochran, E. C. Titgemeyer, C. G. Farmer, E. 
A. Klevesahl, J. I. Arroquy, D. E. Johnson, and D. P. Gnad. 2004. 
Effect of postruminal protein supply on the response to ruminal 
protein supplementation in beef steers fed a low-quality grass 
hay. Anim. Feed Sci. Technol. 115:19–36.

Wickersham, T. A., E. C. Titgemeyer, R. C. Cochran, and E. E. 
Wickersham. 2009. Effect of undegradable intake protein supple-
mentation on urea kinetics and microbial use of recycled urea in 
steers consuming low-quality forage. Br. J. Nutr. 101:225–232.

Wickersham, T. A., E. C. Titgemeyer, R. C. Cochran, E. E. 
Wickersham, and D. P. Gnad. 2008. Effect of rumen-degradable 
intake protein supplementation on urea kinetics and microbial 
use of recycled urea in steers consuming low-quality forage. J. 
Anim. Sci. 86:3079–3088.

Wilson, A. D., and M. L. Dudzinski. 1973. Influence of the concen-
tration and volume of saline water on the food intake of sheep, 
and on their excretion of sodium and water in urine and faeces. 
Aust. J. Agric. Res. 24:245–256.

Wilson, A. D., and N. L. Hindley. 1970. Variations in the performance 
of sheep when introduced to saline drinking water. CSIRO Div. 
Plant Ind. Field Stn. Rec. 9:45–53.


