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The objective of this study was to evaluate clinical signs, gas analysis, and metabolic
effects of diarrhea in milk-fed calves consuming starter feed containing citrus pulp (CP)
as a replacement for corn. Twenty-four newborn Holstein male calves were distributed
into treatments according to starter composition: (1) 0% CP, (2) 32% CP, (3) 64% CP, on
dry matter basis. The calves were housed in individual hutches, with free access to water
and concentrate, and received 4 L/d of milk replacer. After diarrhea diagnosis, evaluations
of fecal score, score of clinical signs and measurement of physiological parameters were
performed three times a day during 3-d. Blood samples were collected for electrolytes,
blood gases, and plasma biochemical analysis. Starter feed composition had no negative
effect (P>0.05) on fecal score, characteristics of diarrheic stools and on the aggravation of
diarrhea clinical signs. Biochemical, blood gases and electrolytes changes, as a function of
starter composition, did not resulted (P>0.05) in dehydration, acidosis, or other metabo-
lic disturbance animals. Total lactate and D-lactate plasma concentrations were higher for
calves on control and 64% CP, and L-lactate was highest for the 64% CP; however, calves
showed no signs of metabolic acidosis. Thermal comfort indexes influenced clinical and
physiological parameters (P<0.05). Citrus pulp may replace corn in starter composition
without prejudice to intestinal health or metabolism of young diarrheic calves.

INDEX TERMS: Clinical profile, blood gas, biochemical profile, diarrhea, citrus pulp, replacement for
corn, byproducts, dairy calves, metabolic disorders, starter feed.

RESUMO.- [Perfis clinico, de gas sanguineo e bioquimi-
co de bezerros leiteiros diarreicos alimentados com
concentrado inicial contendo polpa citrica como subs-
tituto de milho.] O objetivo desse estudo foi o de avaliar os
sinais clinicos, analise de gases e os efeitos metabdlicos da
diarreia em bezerros em aleitamento, consumindo concen-
trado inicial contendo polpa citrica (PC) como substituto
de milho. Vinte e quatro bezerros recém-nascidos da racga
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Holandesa foram distribuidos, de acordo com a composi-
¢do do concentrado, nos seguintes tratamentos: (1) 0%
PC, (2) 32% PC, (3) 64% PC, na matéria seca. Os bezerros
foram alojados em abrigos individuais, com acesso livre a
agua e concentrado, e receberam 4L/d de sucedaneo lac-
teo. Apds o diagnédstico de diarreia, avaliagdes de escore
fecal, sinais clinicos e medidas de parametros fisiologicos
foram realizadas trés vezes ao dia durante 3-d. Amostras de
sangue foram colhidas para analise de eletrélitos, hemoga-
sometria e metabdlitos plasmaticos. A composi¢do do con-
centrado ndo afetou o escore fecal, as caracteristicas das
fezes diarreicas, ou o agravamento dos sinais clinicos da
diarreia (P>0,05). Alteragdes nos parametros plasmaticos,
de hemogasometria ou de eletrdlitos, em funcdo da com-
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posicdo do concentrado, ndo resultaram em desidratacio,
acidose ou outro distirbio metabdlico nos bezerros diar-
reicos (P>0,05). As concentragdes de lactato total e D-lac-
tato foram superiores para bezerros alimentados com con-
centrado sem inclusdo de polpa ou com 64% de inclusio,
enquanto a concentracio de L-lactato foi superior somente
para aqueles consumindo concentrado com 64% de PC. No
entanto, os bezerros ndo apresentaram sinais de acidose
metabdlica. Os indices de conforto térmico influenciaram
os parametros clinicos e fisiolégicos (P<0,05). A polpa citri-
ca pode substituir o milho na composi¢ao de concentrados
para bezerros sem prejudicar a saude intestinal ou o meta-
bolismo de bezerros jovens acometidos por diarreia.

TERMOS DE INDEXAGAO: Perfil clinico, gs sanguineo, perfil bio-
quimico, diarreia, polpa citrica, substituicio de milho, co-produ-
tos, bezerros leiteiros, distirbios metabdlicos, concentrado inicial.

INTRODUCTION

Feeding concentrate to dairy calves is required for rumen
development, allowing weaning and maintenance of ade-
quate performance thereafter (Quigley et al. 1991). Starter
composition is usually based on corn as the main energy
source, with very low inclusion of alternative ingredients.
However, the availability and lower costs of some by-pro-
ducts allow the formulation of starters with the same ener-
gy values, though the literature lacks information about
levels of inclusion and possible effects on diarrhea occur-
rence. During the last years, the use of citrus pulp as an al-
ternative to reduce feeding costs has been increased. Even
though there are several studies with the inclusion of citrus
pulp for adult animals (Bampidis & Robinson 2006, Nussio
et al. 2002), few studies were conducted with its effects on
dairy calves performance. Comparing citrus pulp inclusion
rates of 0, 15, 30, and 40% is calves diets, Wing (1982) ob-
served low intake and acceptability problems for diets with
more than 15% of citrus pulp for calves under 60 days of
age. However, acceptability increased as animals aged and,
after 60 days of age, levels of 30% of DM may be fed. Inde-
ed, Harris & Staples (1989) recommend up to 10% of total
DM of citrus pulp for animals younger than 60 days. Willia-
ms et al. (1987) reported an increase in starter intake and
average daily gain of milk-fed calves receiving a mixture of
citrus pulp and beet pulp instead of barley. Schalch et al.
(2001) found no differences among treatments for average
daily gain, dry matter intake, feed conversion or rumen de-
velopment when evaluated the replacing of corn grain with
0,15, 30 or 45% citrus pulp in the starter of milk-fed calves.

Young dairy calves are unable to digest pectin, which
may be a problem when citrus pulp is included in the star-
ter because of its effects in the intestine and possibility of
diarrhea, since according to Schalch et al. (2001) it has a
laxative effect. Diarrhea is the main death cause in young
calves and results in decreased performance and increased
rearing costs. Even though most of the time diarrhea cases
are related to inadequate transfer of passive immunity and
cleanliness issues (Botteon et al. 2008), it may also occurs
because of inadequate nutrition. On the other hand, the re-
placement of a source of starch by a source of pectin, may

benefit rumen health, mainly regarding to the decreased
lactate production from fermentation and consequent ru-
men acidosis (Bampidis & Robinson 2006)

Thus, the objective of this study was to verify whether
the replacement of corn with citrus pulp in the starter con-
centrate of calves might cause negative effects for calves
such as dehydration, acid-basic imbalance and acidosis du-
ring diarrhea occurrence.

MATERIALS AND METHODS

The study was conducted at Experimental Calf Section of the Ani-
mal Science Department of the College of Agriculture “Luiz de
Queiroz”, Piracicaba, Sao Paulo, Brazil, from December 2011 to
March 2012. All procedures performed involving animals were
approved by the Ethics Committee on Animal Experimentation
(CEUA/ESALQ). Twenty-four newborn Holstein male calves were
fed 4 L/d of colostrum, divided into twice a day feedings, until
the second day of life. Animals were housed in individual shelters
distributed in a grassy field; their average initial age was 14+5
days and the average birth weight was 39+3.1 kg. The shelters
were provided with feeders and a bucket with water to guarantee
ad libitum access. The calves were distributed into blocks, accor-
ding to birth data and weight, and assigned to one of the follo-
wing treatments, according to citrus pulp (CP) replacement for
corn: 0%CP (0% CP and 64% corn), 32% CP (32% CP and 32%
corn) and 64%CP (64% CP and 0% corn). Calves were fed 4L/d of
milk replacer (Sprayfo Violeta® 20CP:16EE, 12.5% solids, Sloten
of Brazil Ltd., Santos, SP, Brazil) that were divided into two meals
(7h00 and 17h00). The starter concentrate, formulated according
to the experimental treatment (Table 1), was provided daily, and
the daily intake was monitored through the weight of orts. The
weaning was performed abruptly at the eighth week of life when
the experimental period ended.

The calves were healthy at the beginning of the study. However,
because the trial was conducted during the summer, it was expec-
ted that all calves would have at least one diarrhea episode during
the milk-feeding period. To determine the diarrhea occurrence,
evaluations of fecal score of all animals were performed every
morning according to Larson et al. (1977) and were classified ac-
cording to the fluidity: (1) when normal and solid; (2) when feces
had a pasty consistency but a generally healthy aspect; (3) when
feces had an aqueous consistency and were considered to be diar-
rhea; (4) when feces had a fluid consistency. Diarrhea cases were
considered when the fecal score was 23. Calves that were consi-
dered to have diarrhea were monitored for a three-day period to
evaluate the color, consistency and fecal components as descri-
bed by the same authors. During this period, rectal temperature,
heart rate, and respiratory rate were measured at 7h00, 12h00,
and 19h00. In addition, the clinical sign scores were evaluated in
diarrheal calves according to methodology adapted from Kasari &
Naylor (1986). The score for each variable was added to obtain a
minimum score of zero for healthy calves and a maximum score
of 12 for debilitated calves presenting with severe clinical signals.

Environment temperature, air humidity, and wind speed were
measured since thermal comfort indexes interfere with the phy-
siological parameters. To verify the peak of heat stress for the ani-
mals, the humidity and temperature index (HTI) was calculated
by using the equation described by Thom (1959): HTI = (0.8 x T
+ (AH/100) x (T - 14.4) + 46.4), where T = ambient temperature
(°C) and AH = air humidity (%).

Also, during the three days after the diarrhea diagnosis, blood
samples were collected two hours after the milk replacer morning
feeding by using tubes with sodium fluoride as an antiglicolytic
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and ethylenediamine tetraacetic acid (EDTA) as an anticoagulant,
or tubes containing sodium heparin, according to the analysis. Im-
mediately after the blood collection, the samples in the sodium
heparin tubes were evaluated for glucose, hematocrit, blood gas,
and concentrations of sodium (Na), potassium (K), chloride (Cl),
blood pH, carbon dioxide pressure (PCO,), plasma urea nitrogen
(PUN), hemoglobin (Hb), bicarbonate (HCO,), base excess (BE_ ),
and anion gap by using a portable blood analyzer i-Stat® with the
EC8+ cartridge (Abbot Point of Care Inc., Princeton, New Jersey,
USA). Samples were centrifuged at 2,000xg for 20 minutes at a
temperature of 4°C (Universal 320R, Hettich, Tuttlinger, German),
and plasma was frozen for further analyses. Commercial enzyma-
tic kits (Labtest Diagndstica S.A., Lagoa Santa, MG, Brazil) were
used for the determination of plasma glucose (Ref. 85), total pro-
tein (Ref. 99), albumin (Ref.19), and L-lactate (Ref. 138). For the
determination of B-hydroxybutyrate a commercial enzymatic
kit (RANDOX Laboratories, Life Sciences Ltd., Crumlin, UK) was
utilized. The analyses of total plasma lactate concentration were
performed based on the methodology described by Pryce (1969).
The determination of D-lactate was obtained by calculating the di-
fference between the results of total plasma lactate (mg/dL) and
plasma L-lactate (mg/dL).

The experimental design was a randomized block that con-
sidered the birth weight and date of the animal. For binomial
variables, generalized linear models were utilized with the logit
link function (GLIMMIX). Data of blood parameters and the evalu-
ations of clinical signs were analyzed in a factorial design by using
the procedure MIXED of SAS (version 9.0, SAS Institute Inc., Cary,
NC). To compare the effect of the means, the Student t-test was
utilized, where the means were estimated through the minimum
square method with a significance level of 5%.

RESULTS

The average environment temperature during the expe-
rimental period was 24.2°C (T , 14.7°Cand T _ 36.8°C)
and the average temperature and humidity index (THI) was
73.9 (THI , 71.9and THI _ 76.1). The replacement of corn
by citrus pulp in the concentrate did not affect (P>0.05) the
fecal score of the animals during the liquid-feeding phase
(Fig.1). The clinical score and physiological parameters
were also not affected by the inclusion of citrus pulp in the
starter concentrate and there was no effect of the evalua-
tion day on clinical score and physiological parameters. Ho-
wever, there was a difference (P<0.0001) among time of the
day (7h00, 12h00, and 19h00) during which the animals
were submitted to the evaluations (Table 2; Fig.2). Hema-
tocrit was not affected (P<0.05) by the composition of the
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Fig.1. Fecal scores of calves fed starter feed containing citrus pulp.
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Table 1. Ingredients e chemical composition of starter
concentrate with different levels of citrus pulp as a
replacement for corn

Ingredients, % DM Treatmentst

0%CP 32%CP 64%CP
Ground corn 64.0 32.0 0.0
Citrus pulp 0.0 32.0 64.0
Soybean meal 26.0 28.0 28.0
Wheat meal 6.0 5.5 7.0
Limestone 3.0 1.5 0.0
Minerals and vitamins* 1.0 1.0 1.0
Chemical composition
Dry matter (%) 89.9 90.5 90.9
Ashes (% DM) 5.88 7.3 9.4
Crude protein (% DM) 20.6 20.7 19.5
Ether extract (% DM) 3.4 3.0 2.8
Neutral Detergent Fiber (% DM) 13.4 17.7 21.7
Acid Detergent Fiber (% DM) 7.5 11.2 17.3
Lignin (% DM) 0.66 1.30 1.87
Non-fiber Carbohydrates (% DM) 56.7 51.3 46.6
Total Digestible Nutrients (% DM) 82.72 77.20 73.61
Calcium (g/kg) § 1.40 1.43 1.49
Phosphorus (g/kg) ¢ 0.41 0.41 0.36
Metabolizable Energy (Mcal/kg DM)$  2.94 2.97 2.96
Gain net energy (Mcal/kg MS) § 1.36 1.37 1.35

f Starter feed composition: 0% CP = starter without citrus pulp; 32% CP =
starter containing 32% CP as a replacement for corn; 64% CP = starter
containing 64% CP as a replacement for corn.

*Minerals and vitamins composition: Ca 16.8%; P 4.2%; S 2.3%; Na 11.6%);
C1 8.0%; Mg 2.4; Co 38.2 ppm; Cu 343 ppm; I 30.2 ppm; Fe 578.2 ppm;
Mn 1146.4 ppm; Se 15.5 ppm; Zn 1176.2 ppm; Vit. A 68,760 Ul/kg; Vit.
E 764 Ul/kg; Vit. D 57,300 Ul /kg.

SEstimated value by NRC (2001)

Table 2. Average values of three days of evaluation score
of clinical signs and physiological parameters of diarrhea
calves fed concentrate containing citrus pulp replacing corn

Treatments’ SEM P<#
0%CP 32%CP 64%CP T D H TxDxH
Clinical Score 3.94 3.19 395 0.73 0.67 0.48 0.0003 0.99

(0-12)

Retal T2C 39.3  39.5 39.1 0.19 0.38 0.62 <.0001 0.67

Respiratory 503 414 41.6 6.05 0.59 0.94 <.0001 0.19

rate (rpm)

Heart rate 883 806 799 299 0.19 0.21 <.0001 0.65

(bpm)

f Starter feed composition: 0% CP = starter without citrus pulp; 32% CP =
starter containing 32% CP as a replacement for corn; 64% CP = starter
containing 64% CP as a replacement for corn.

*T = treatment effect; D = day effect; H= Time of evaluation effect; TxDxH
treatment, day and time interaction.

starter concentrate, the evaluation day or the interaction
of these factors (Table 3). There was no observed effect of
the starter concentrate composition on blood gas analy-
ses, electrolyte evaluations and metabolites of animals du-
ring diarrhea cases (Table 3). However, total and D-lactate
blood concentrations were higher (P<0.05) for calves fed
with control or concentrate containing 64%CP, while the
highest concentration of L-lactate (P<0.05) was observed
for those fed 64%CP (Table 3). In addition, blood pH, HCO3
and K blood concentrations were affected by the evaluation
day (P<0.05), with reducing values as days pass by (Fig.3).
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Fig.2. Clinical scores and physiological parameters of diarrheic
calves fed starter feed containing citrus pulp.

DISCUSSION

Considering the average temperature, animals were in ther-
mal comfort since the upper critical temperature for calves
is 25°C and the lower critical temperature is 13°C (Davis
& Drackley 1998). However, maximum temperature were
always higher which may have caused some heat stress
mainly at the middle of the day, with increases in respira-
tory and heart beat rates as shown by Figure 2. In addition,
average THI was higher than that considered adequate for

dairy calves. According to Armstrong (1994), values up to
72 did not cause stress in the animal, and values from 72 to
78 represent mild stress.
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Fig.3. Effect of evaluation days on blood pH, and concentrations
of HCO3 and K of diarrheic calves fed starter feed containing
citrus pulp.

Table 3. Blood gas and electrolytes analysis assessment,
and plasma biochemical metabolites of diarrheic calves fed
concentrate containing citrus pulp replacing corn

Treatments’ SEM P<#
0%CP 32%CP 64%CP T D TxD
Hematocrit (%) 23.8 242 237 297 099 0.70 0.82
pH 7.37 735 737 0.03 0.73 0.04 0.83
HCO® (mmol/L) 28.53 26.69 26.28 2.13 0.69 0.05 0.33

PCO? (mmHg) 5413 5199 50.81 1.68 0.48 081 0.69
K (mEq/L) 466 462 457 010 0.83 0.05 024

Na (mEq/L) 1339 1343 1340 1.85 099 0.08 091
¢l (mmol/L) 956 970 967 281 095 061 041
AnGap (mmol/L) 11.7 132 116 0.89 037 0.19 029
BEecf (mmol/L) 6.2 30 49 253 069 0.08 033
Hb (g/dL) 872 832 845 173 099 071 045
B-HBA (mmol/L) 0.052  0.051 0.070 0.008 0.23 0.43 0.39
Glucose (mg/dL) 8351 87.24 8611 6.07 092 0.74 0.79

Total protein (g/dL)  5.51 556 548 0.89 099 0.15 0.83
Albumin (g/dL) 3.06 282 274 019 055 072 0.22
PUN (mg/dL) 7.9 8.7 73 153 0.76 0.40 0.84
Total lactate (mg/dL) 20.79°> 16.00* 23.78° 1.87 0.03 0.13 0.15
D-Lactate (mg/dL) 14.71*  9.17* 14.36> 0.84 0.001 0.09 0.24
L-Lactate (mg/dL) 6.08° 6.83* 9.42> 0.65 0.02 033 0.13

t Starter feed composition: 0% CP = starter without citrus pulp; 32% CP =
starter containing 32% CP as a replacement for corn; 64% CP = starter
containing 64% CP as a replacement for corn.

*T = treatment effect; D = day effect; H= Time of evaluation effect; TxDxH
treatment, day and time interaction.

abe Values in the same row without a common superscript letter are signi-
ficantly different (P<0.05).
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Replacement of corn by citrus pulp had no effect on cal-
ves’ fecal scores (P>0.05), which were evaluated according
to Larson et al. (1977), considering diarrhea when score is
higher than three. However, the inclusion of 64% CP in the
starter resulted in scores slightly higher during the 6th and
7th weeks of age, probably because of the pectin laxative
effect. The hydrophilic nature of citrus pulp may increase
peristalsis, resulting in higher fecal scores. However, Schal-
ch et al. (2001) included up to 45 % CP in the concentra-
te for calves and observed no effects on fecal scores. Fecal
characteristics evaluation from diarrheic calves show that
58% presented a yellowish color and 33% were closed to
grey; 72% had an aqueous consistency (score 3) and 28%
were fluid (score 4); 56% and 37% had a slightly and highly
offensive odor, respectively.

Clinical scores were not affected by starter feed com-
position but were worsened during the periods when the
temperature and humidity index was greater (Fig.2). On
the other hand, all observed clinical scores were below
6.5, suggesting healthy animals according to Nakagawa et
al. (2007). The main symptoms that the calves with diar-
rhea presented with during the experimental period were
a reduction in appetite, apathy, decrease in the suckling
reflex, and dehydration from light to moderate. However,
there was no effect of the starter concentrate composition
on these measures (P>0.05), so the replacement of corn
with byproducts did not alter the symptoms of diarrheic
animals.

Considering the normal range for rectal temperature
(38-39.5°C), respiratory rate (15-40 rpm), and heart beat
(60 to 120 bpm) of dairy calves (Davis & Drackley 1998),
and the lack of effect of the starter composition on phy-
siological parameters (Fig.2), it may be concluded that
variations observed are related to environmental factors.
Only measurements done at 7h00 revealed average rectal
temperature and respiratory rate within the normal ran-
ge. Measurements done at 12h00 and 19h00 were higher
than that (Fig.2). Heart beat rate was also higher at 12h00
and 19h00 than that observed in the morning, but did not
exceeded normal range in any of the measurements (Fig.2).
Therefore, altered physiological parameters suggest a mild
heat stress with the advance of the day, confirmed by the
increased THI. Heat stress may increase energy require-
ments even more for animals that are already dealing with
diarrhea. Even though there was a time effect, there was
no interaction between time of day and starter concentrate
composition (P>0.05), corroborating that the inclusion of
citrus pulp did not alter these physiological parameters in
diarrheic calves.

Hematocrit values were not affected by feed starter
composition, day of evaluation, or by the interaction of
these two factors (P>0.05; Table 3). Although calves were
affected with diarrhea, hematocrit were within the referen-
ce ranges (Ramin et al. 2012), indicating that the animals
did not suffer from dehydration during the first three days
of diarrhea. Besides dehydration, diarrhea may cause meta-
bolic acidosis in calves, as a response of the decreased renal
perfusion (Kasari & Naylor 1986). The homeostatic mecha-
nisms that control the acid-basic equilibrium are essential
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for the animal survival and when there is disturbance, an
organ dysfunction may occur, resulting in animal’s death.
To assess and make a diagnosis of these disorders, blood
gas analysis, blood pH, and electrolytes balance should
be evaluated (Fall 2000). The average values of the 3-day
evaluation of all blood gas parameters and evaluated elec-
trolytes were not affected by starter composition (P>0.05;
Table 3). However, the evaluation day had an influence on
pH (P<0.04), HCO3- (P<0.05) and potassium (P<0.05), with
reducing values with advanced day of evaluation (Fig.3).
Considering the Henderson-Hasselbach equation, the pH is
supposed to be reduced when HCO3 drops, which normally
occurs during diarrhea. Potassium concentrations also
usually drops as a result of diarrhea. However, decreasing
levels of these parameters were similar for all concentra-
te starter composition. Normal ranges for pH (7.31-7.49),
PCO2 (46-56mmHg), HCO3 (22-30mEq/L) and BEecf
(3-7mmol/L) are well established by the literature (Ada-
ms et al. 1991, Nagy et al. 2006, Do Rego Leal et al. 2008,
Bellino et al. 2012). By analyzing the acid-base imbalance,
the disorder may be classified in metabolic or respiratory
alkalosis or acidosis.

The average blood pH were within normal range, indica-
ting that even though animals were with diarrhea they were
not on metabolic acidosis during the first 3 days of diarrhea.
Even with the observed progressive and significant decrea-
se in blood pH (P<0.04; Table 3), the lowest observed value
was higher than the minimum range. It may be possible that
a longer evaluation period would reveal even lower blood
pH values, characteristic of metabolic acidosis in animals.
This pH reduction occurs due to excessive and progressive
losses of water and electrolytes (Na+, Cl-, K+ and HCO3-) in
feces during diarrhea and by the production and accumu-
lation of lactic acid in blood (Argenzio 1985). In fact, blood
pH drops with advancing days occurred along with the re-
duction on HCO3- and K+ (Fig.3). Naylor (1989) evaluated
123 diarrheic calves and concluded that metabolic acidosis
or decreased blood pH tends to worsen as days pass by. Ho-
wever, a three-evaluation day was chosen to mimic practical
diarrheic calves’ management. No producer will wait more
than 2-3 days to rehydrate and medicate dairy calves.

In all cases of acid-basic disturbance, Anion Gap, or the
plasma cation-anion difference should be evaluated becau-
se it may be altered even when pH is normal. An increased
Anion Gap means that unmeasured plasma anions, such as
lactate (lactic acidosis), acetoacetate (ketoacidosis), sulfa-
te, phosphate and urate (decreased renal perfusion) are
high. Reference values of Anion Gap for Holstein bull calves
with up to 1 month of age is between 8.5 to 13.5 mmol/L
(Kaneto et al. 2004). Values measured during three days
are within normal range and show no effect (P>0.05) of the
starter composition, days with diarrhea, or the interaction
of this two factors for anion gap (Table 3).

Base excess (BEecf) is another important parameter to
diagnose acid-basic equilibrium disorders through measu-
res of metabolic changes in the extracellular fluid (Rocco
2003). According to the literature (Nakagawa et al. 2007,
Bellino et al. 2012), calves that have BEecf values from -3
to 7mmol/L are considered normal, lower than -10mmol/L
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are in metabolic acidosis and lower than -6mmol/L are in
severe acidosis. Calves presented values higher than the
normal range, suggesting that even at the third day of diar-
rhea calves were not in acidosis.

Potassium (K) is important in the regulation of the acid
balance and it’s common to find pictures of hyperkalemia
(serum potassium higher than 5mmol/L) concentration
in diarrheic calves (Maach et al. 1992). However, Reece
(1980) consider serum potassium concentrations from 4.4
to 7.2mmol/L as normal, since healthy calves 1-15 weeks
old commonly present higher values. Even though calves
were diarrheic, serum potassium concentrations were wi-
thin normal values, and were reduced (P<0.05) with days
with diarrhea (Table 3, Fig.3). On the other hand, sodium
concentrations were near the lower limit considered as
adequate for dairy calves. Along with chlorine (Cl), so-
dium (Na) is important function for the maintenance of
the osmotic pressure, which affects water body’s meta-
bolism and the regulation of basic-acid balance. The ide-
al concentration of sodium and chlorine during the first
three months oflife of a calfis around 132-152mmol/L and
95.0 to 111mmol/L, respectively (Bouda & Jagos 1984)).
There was no concentrate composition effect for both elec-
trolytes blood concentrations (Table 3). Calves that have
diarrhea tend to lose sodium through feces and chlorine
via urine, affecting serum levels of both electrolytes. Ma-
ach et al. (1992) observed sodium blood concentrations of
131.2mmol/L and 140.0mmol/L for diarrheic and healthy
calves, respectively. The same study revealed chlorine con-
centrations of 95mmol/L for diarrheic calves as compared
to 103mmol/L for healthy calves.

The plasma concentration of (BHBA) and glucose show
that energy availability for diarrheic calves were not affec-
ted by starter composition, even with the progression of the
diarrhea (Table 3). Average values of BHBA were lower than
those observed for calves with a developing rumen, when
the epithelial rumen tissue start to oxidize butyrate produ-
ced during rumen fermentation into BHBA (Quigley et al.
1991). Reduced BHBA concentrations may indicate that ru-
men was still in development and animals were not capable
of using most of the energy provided by the starter feed. Ac-
cording to Toullec & Guilloteau (1989) calves with underde-
veloped rumen are not capable to digest certain feeds, whi-
ch may result in metabolic disturbances such as alimentary
diarrhea. In contrast, low levels of BHBA and other ketone
bodies may also suggest that energy availability was ade-
quate. When plasma glucose level declines, due to a loss of
nutrients or insufficient intake because of a gastrointestinal
disorder, there is an increase of circulating ketone bodies
in order to increase the energy supply to tissues, a disorder
so called secondary ketosis. However, BHBA concentrations
(Table 3) suggest that calves had partially developed rumen
and showed no signs of secondary ketosis.

According to Haga et al. (2008), the main energy sour-
ce for young calves is glucose from lactose present in milk
or milk replacer, however with advancing age and rumen
development, glucose concentrations tend to decrease.
Blood glucose values for calves vary from 80 to 120mg/
dL; however, diarrheic calves may have hypoglycemia due

to anorexia, poor digestion and absorption and therefore
reducing hepatic gluconeogenesis and increased anaerobic
glycolysis. In the present study, even though calves were
with diarrhea, plasma glucose levels were within normal
range (Table 3).

Higher concentrations of total protein may indicate
dehydration or any other disease, however values were
within the normal range for dairy calves according to El-
-sheikh et al. (2012), and were not affected by starter com-
position or days with diarrhea (Table 3). Albumin repre-
sents about 50 to 65% of the total protein and is essential
for maintaining osmotic pressure necessary for the proper
distribution of body fluids between the intravascular and
extravascular compartment (Pekcan et al. 2012). Even
though animals were with diarrhea, total protein and albu-
min were normal (Table 3).

The concentration of plasma urea nitrogen (PUN) de-
pends on factors such as nutrition, physiological state,
and diseases such as diarrhea and kidney problems. The
starter composition had no effect on PUN concentrations,
as well as days with diarrhea (Table 3), with average value
of 7.9mg/dL. Seifi et al. (2006) found PUN concentrations
between 4.65 to 7.68mg/dL for healthy calves, while diar-
rheic calves presented concentrations from 10.75mg/dL to
28, and of 61mg/dL in severe cases. The adequate values
observed, along with blood pH and electrolytes concentra-
tions, indicates absence of dehydration and of metabolic
disturbance in diarrheic animals, regardless of the starter
concentrate composition.

The resulting metabolic acidosis from diarrhea in calves
may be worsened due to the production and consequent
increase in lactic acid concentrations (Millemann 2009). L-
lactate is one of the acids responsible for acidosis, and its in-
creased concentration may occur because of dehydration or
the reduced liver efficiency in sick calves (Omole et al. 2001).
As well, D- lactate contributes to acidotic conditions and is
associated with poorly digested feed, favoring D-lactate pro-
ducing bacteria proliferation, common condition in animals
with severe metabolic acidosis (Ewaschuk et al. 2004). Va-
lues considered normal for calves are between 6 to 22mg/dL
for total lactate; up to 11.8mg/dL for L-lactate; and 3.9mg/
dL for D-lactate (Kasari & Naylor 1986). Trefz et al. (2012)
observed L-lactate concentrations of 16 mg/dL for diarrheic
calves, but concentrations high as 40 mg/dL in severe cases.
According to Lorenz (2004), for animals presenting diarrhea
and metabolic acidosis, the higher the concentration of D-
-lactate, the worse is the clinical status of the calf. Total and
D-lactate were higher for calves fed starter concentrate con-
taining 0 and 64% CP, although L-lactate was higher only for
calves fed 64% CP. However, while Total Lactate and L-lac-
tate concentrations are within the limits, those observed for
D-lactate are above ideal. Despite these differences, it is clear
that calves were not on metabolic acidosis, however presen-
ted values close to that considered acidotic.

CONCLUSIONS

Differences in starter composition, replacing corn by ci-
trus pulp, had no effect on diarrhea severity or metabolic
changes.

Pesq. Vet. Bras. 37(8):790-796, agosto 2017



796 Marcelo Cezar Soares et al.

Assessments of blood gas, electrolytes and metabolites
concentrations for the first three days after the beginning
of diarrhea may have been a short period to have calves
with high level of dehydration and metabolic acidosis.

However, since producers treat diarrheic calves much
before that, citrus pulp may replace corn without any pre-
judice to intestinal health or metabolism of young calves.
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