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Abstract 
The objective of this study was to evaluate the profile of the main serum bio-
chemical variables in buffalo heifers receiving diets with different concentra-
tions of concentrate. Twenty buffalo heifers of the Murrah breed, aged six to 
eight months, were randomly assigned to four groups, with five replicates 
each, to be adapted to levels of 20%, 40%, 60%, and 80% of concentrate in the 
diet, composed of sugarcane (bulk) and concentrated feed based on wheat, 
corn, and soybean meal. The experimental diets were constituted in the pro-
portion “bulk: concentrate”, based on dry matter, of “80:20” (Treatment 1), 
“60:40” (Treatment 2), “40:60” (Treatment 3), and “20:80” (Treatment 4). 
Biomarkers were evaluated for energy, protein, mineral, and endocrine pro-
files, as well as enzymatic activity. A positive linear effect was observed for 
Final Body Weight. In the energy profile, there was a positive linear effect for 
total cholesterol and HDL cholesterol and a quadratic effect for plasma glu-
cose. In the protein profile, a quadratic effect was observed for the urea: crea-
tinine ratio and a positive linear effect for total protein and albumin. For the 
enzymatic activity, only the variable gamma-glutamyltransferase presented a 
quadratic effect. In the mineral profile, a quadratic effect was observed for 
calcium levels and a positive linear effect for phosphorus levels and negative 
for chlorine levels. In the endocrine profile, no statistical differences were ob-
served. Diet with until 80% of concentrate does not negatively influence bio-
chemical parameters that represent the profile of energy, protein, mineral and 
thyroid hormones for growing buffalo heifers and favors the performance of 
the animals.  
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1. Introduction 

Metabolic or production diseases can be caused by imbalances in the animal or-
ganism, metabolism, and nutrient egress (glycides, proteins, minerals, and wa-
ter) in feces, urine, milk, and fetuses. The majority of these diseases or nutrition-
al and metabolic disorders are difficult to detect and limit the production of the 
animals, causing economic losses in livestock [1]. 

The buffalo species is a species with its own characteristics, and the buffalo is a 
species with its own characteristics, and should be treated as such, without over-
lapping it with management methods developed specifically for the bovine spe-
cies. When one understands and respects the needs of the species, one can ob-
serve animals of easy handling, docile, with good economic return, and high 
longevity of production and reproduction [2].  

However, studies on metabolism in the buffalo species are mostly restricted to 
specific physiological phases of production, such as the transitional period and 
early lactation. Care during the growth phase is very important to ensure the 
longevity of the animals in the productive system, especially with regard to 
highly intensified management, with diets that guarantee high energy levels in 
buffalo feed. Based on this premise, the objective of this study was to evaluate 
the profile of the main biochemical variables related to energy, protein, minerals, 
and enzymatic and hormonal activity in buffalo heifers receiving diets with dif-
ferent concentrations of concentrate.  

2. Material and Methods 

The experiment was conducted in the Buffalo farming Sector of the Animal 
Science Department of the Federal Rural University of Pernambuco (DZ-UFRPE), 
located in the municipality of Recife, Pernambuco, under the geographic coor-
dinates 8˚04'03'S and 34˚55'00"W, from September to December 2017. This 
study received a favorable opinion from the Ethics Committee for the Use of 
Animals (CEUA) of the Federal Rural University of Pernambuco under license 
number 062/2018 CEUA/UFRPE. 

Twenty buffalo heifers of the Murrah breed were used, aged six to eight 
months at the beginning of the experiment, and with an initial mean body 
weight of 115.51 kg. The animals were confined in individual stalls, with dimen-
sions of 2.0 m × 0.8 m (1.6 m2), with a masonry floor and covered with ceramic 
tiles. The animals had access to individual feed and water troughs. 

The animals were randomly assigned to four groups, with five replicates each, 
to be adapted to levels of 20%, 40%, 60%, and 80% of concentrate in the diet, 
composed of sugarcane (bulk) and concentrated feed based on wheat, corn, and 

https://doi.org/10.4236/ojvm.2019.97007


C. A. da Costa et al. 
 

 

DOI: 10.4236/ojvm.2019.97007 81 Open Journal of Veterinary Medicine 
 

soybean meal. The experimental diets were constituted in the proportion “bulk: 
concentrate”, based on dry matter, of “80:20” (Group 1), “60:40” (Group 2), 
“40:60” (Group 3), and “20:80” (Group 4). 

The diets were formulated based on nutritional requirements for buffaloes 
(Paul, 2011), estimating a daily weight gain of between 0.500 and 0.800 kg. The 
proportions of the concentrated ingredients (corn meal, wheat bran, and soy-
bean meal) in the diets with sugarcane were adjusted according to the need to 
complement the proposed levels of crude protein (CP) and total digestible nu-
trients (TDN) to formulate isoproteic diets (Table 1).  

The diets were provided as a complete mixture in individual feeding troughs 
twice daily at 08:00 and 16:00. To estimate the voluntary consumption, the lef-
tovers were collected and weighed before each feeding; the consumption was 
measured as the difference between the feed supplied and leftover of each ani-
mal. The amount of feed provided was adjusted based on the voluntary intake of 
the animal, with estimated daily leftovers of between 5% and 10%. Samples of 
the diets supplied and daily leftovers, per animal and treatment, as well as the 
foods used to formulate the diets, were collected weekly for further analysis of 
bromatological control. 

The animals were weighed at the beginning and end of the experimental pe-
riod to obtain the initial body weight (IBW) and final body weight (FBW) for the 
evaluation of total weight gain (TWG) and mean daily gain (MDG). The TWG  
 
Table 1. Percentage composition of the ingredients and chemical composition of the ex-
perimental diets. 

Ingredients (g∙kg−1) 
Levels of concentrate in diets with sugarcane (%) 

20 40 60 80 

Wheat bran 0.283 0.378 0.410 0.426 

Corn meal 0.147 0.107 0.092 0.084 

Soybean meal 0.283 0.378 0.410 0.426 

Mineral complex 0.126 0.070 0.057 0.052 

Urea 0.161 0.067 0.031 0.012 

Chemical composition (g∙kg−1 MS)     

Dry matter (g∙kg−1 MN) 478.03 581.86 686.25 790.86 

Organic matter 939.33 934.42 924.76 913.20 

Crude protein 157.83 157.81 157.13 156.19 

Ethereal Extract 15.49 20.13 24.58 28.95 

Total Carbohydrates 766.01 756.48 743.05 728.06 

Neutral Detergent Fiber 458.22 411.60 363.52 314.86 

NDFi* 167.17 132.79 98.25 63.65 

Non-Fibrous Carbohydrates 307.79 344.88 379.53 413.20 

Total Digestible Nutrients1 589.94 631.08 668.35 704.07 

*Indigestible Neutral Detergent Fiber. 1Values estimated according to Valadares Filho et al. (2006). 
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was obtained by the difference between the final body weight and the initial 
body weight [TWG = (FBW − IBW)]. The MDG estimate was obtained by the 
relation between the TWG and the total number of days in the experimental pe-
riod [MDG = (TWG/84)]. 

To evaluate the metabolic and endocrine profiles, blood samples were col-
lected during the experimental period, at four moments, every 21 days. The 
samples were collected by jugular venipuncture, with the animals at rest, in va-
cutainer® siliconized tubes, without anticoagulants and with sodium fluoride and 
ethylenediaminetetraacetic acid (EDTA), to obtain serum and plasma, respec-
tively.  

The blood samples without anticoagulant were maintained at room tempera-
ture, while those with anticoagulant were homogenized, kept under refrigera-
tion, and taken to the laboratory for further processing. All tubes were centri-
fuged for 15 minutes at 500 G. Subsequently, the serum and plasma aliquots 
were packed in Eppendorf® tubes and stored at −20˚C for further laboratory 
analysis of the biochemical and hormonal indicators. 

Biochemical analyses were performed at the Laboratory of Nutritional and 
Metabolic Diseases at the Center for Advanced Research in Goats, located in the 
Department of Veterinary Medicine of the Federal Rural University of Pernam-
buco. The biochemical blood determinations were performed in a LABMAX 240 
automated biochemical analyzer (LABTEST) using a commercial LABTEST kit. 

The hormonal analyzes were carried out at the Laboratory of Analytical Che-
mistry of the Research Support Center (CENAPESQ) of the Federal Rural Uni-
versity of Pernambuco (CAPES/UFRPE Pro-Equipment Notice). To evaluate the 
endocrine profile, total thyroid hormones T3 (triiodothyronine) and T4 (thy-
roxine) were determined through the electrochemiluminescence method 
(ECLIA) using commercial kits in automated analytical equipment, BECKMAN 
COUNTER-ACCESS 2®. All hormonal determinations were performed in dupli-
cate, to obtain the mean related to the animal and the respective collection. 

The experimental model used was completely randomized with four groups 
and five replicates per groups, according to the model: ijk i ijY T eµ= + + ; where 
Yij = dependent variable observed; μ = overall mean; Ti = effect of groups i (i = 1 
to 4); and eij = experimental error. Data were submitted to analysis of variance 
and regression using the GLM procedure of SAS - Statistical Analysis System [3], 
considering a level of significance of 5% for data analysis.  

3. Results 

A positive linear effect (P < 0.0001) was observed for Final Body Weight, and 
consequently for Total Weight Gain and Mean Daily Gain, with the increase in 
energy level in the diet given to the animals. In relation to the energy profile, a 
positive linear effect was found for the levels of total cholesterol (P = 0.0008) and 
HDL Cholesterol (P = 0.0002), as the level of concentrate in the diet increased, 
and a quadratic effect (P = 0.0089) for plasma glucose. However, for the other 
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variables of the energy profile, there were no statistical effects (P > 0.05) of the 
different levels of energy in the diet (Table 2 and Figure 1).  

With respect to the protein profile, the results of the regression analysis 
showed a quadratic effect (P = 0.0466) for the ratio urea: creatinine (Ur:Cr) and 
a positive linear effect for total protein (P = 0.0178) and albumin (P = 0.0136), 
according to the level of inclusion of concentrate in the diet. For the other va-
riables, there were no statistical effects (P > 0.05). There were no significant dif-
ferences (P > 0.05) between the treatments in relation to the biomarkers eva-
luated for enzymatic activity, except for gamma-glutamyltransferase, which pre-
sented a quadratic effect (P = 0.0117) for the concentrate increment in the diet 
(Table 3).  

A quadratic effect was observed for the levels of total calcium (P = 0.0479) and 
ionic calcium (P = 0.0374), and a positive linear effect for phosphorus (P = 
0.0079) and negative for chlorine (P = 0.0054), with the increase of concentrate 
in the diet supplied to the animals. For the other variables analyzed, there were 
no statistical effects (P > 0.05). It can also be observed that according to data 
analyzed in relation to the endocrine profile, no statistical differences were ob-
served (P > 0.05) for the measured hormonal levels of T3 (triiodothyronine) and 
T4 (thyroxine) (Table 4). 
 
Table 2. Mean values of performance and energy profile as a function of dietary concen-
trate levels of buffalo heifers. 

Variables 
Levels of concentrate in the diet (%) P > F 

20 40 60 80 L1 Q2 

Performance (kg) 

Initial Body Weight 113.92 117.20 117.10 113.84 ns ns 

Final Body Weight 151.70 175.54 190.84 212.78 <.0001 ns 

Total Weight Gain 37.78 58.34 73.74 98.94 <.0001 ns 

Mean Daily Gain 0.450 0.694 0.878 1.178 <.0001 ns 

Energy Profile 

Plasma glucose (mmol/L) 1.34 2.23 2.49 1.21 ns 0.0089 

Lactate (mmol/L) 7.36 7.35 8.05 7.40 ns ns 

Fructosamine (µmol/L) 224.61 230.92 228.77 236.87 ns ns 

FructosaminePT (µmol/L)3 233.78 230.84 226.66 221.60 ns ns 

FructosamineALB (µmol/L)4 343.14 323.24 307.46 305.15 ns ns 

Total cholesterol (mmol/L) 1.06 1.46 1.51 1.68 0.0008 ns 

HDL Cholesterol (mmol/L) 0.55 0.80 0.79 1.04 0.0002 ns 

Triglycerides (mmol/L) 0.26 0.32 0.28 0.23 ns ns 

1Linear; 2Quadratic; ns = not significant at the 5% probability level; 3Frutosamine corrected by PT; 
4Fructosamine corrected by Albumin. 
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Table 3. Mean values of protein profile and enzymatic activity as a function of dietary 
concentrate levels of buffalo heifers. 

Variables 
Levels of concentrate in the diet (%) P > F 

20 40 60 80 L1 Q2 

Protein profile 

Urea (mmol/L) 7.01 5.58 7.09 7.64 ns ns 

Creatinine (µmol/L) 128.27 143.42 126.89 122.77 ns ns 

Ur:Cr* 0.06 0.04 0.06 0.06 ns 0.0466 

Total Protein (g/L) 59.56 61.76 62.49 66.18 0.0178 ns 

Albumin (g/L) 21.90 23.54 24.56 25.56 0.0136 ns 

Globulin (g/L) 37.66 38.22 37.94 40.62 ns ns 

A:G* 0.58 0.62 0.65 0.63 ns ns 

Enzymatic activity 

Aspartate Transaminase (U/L) 140.94 129.41 137.87 128.88 ns ns 

Gamma glutamyltransferase (U/L) 16.68 23.71 23.48 16.17 ns 0.0117 

Alanine aminotransferase (U/L) 42.87 36.79 34.84 38.78 ns ns 

Alkaline Phosphatase (U/L) 258.00 193.25 223.98 172.49 ns ns 

1Linear; 2Quadratic; ns = not significant at the 5% probability level. 

 

 
Figure 1. Graphical representation of regression analysis of final body weight and blood concentration of total cholesterol 
with HDL cholesterol, total protein with albumin, and phosphorus with chlorine of buffalo heifers as a function of diets with 
different concentrate levels. 
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Table 4. Mean values of the mineral and endocrine profile as a function of dietary concen-
trate levels of buffalo heifers. 

Variables 
Levels of concentrate in the diet (%) P > F 

20 40 60 80 L1 Q2 

Mineral Profile 

Total Calcium (mmol/L) 2.35 1.95 1.96 2.40 ns 0.0479 

Ionic Calcium (mmol/L) 1.49 1.20 1.81 1.44 ns 0.0374 

Phosphorus (mmol/L) 2.24 2.27 2.53 2.70 0.0079 ns 

Ca: P* 1.06 0.88 0.78 0.90 ns ns 

Magnesium (mmol/L) 1.31 1.95 1.88 1.43 ns ns 

Sodium (mmol/L) 141.79 138.80 137.50 141.45 ns ns 

Potassium (mmol/L) 4.04 4.03 4.35 4.04 ns ns 

Chlorine (mmol/L) 89.55 85.09 84.05 85.16 0.0054 ns 

Endocrine Profile 

T3 (nmol/L)* 2.26 2.67 2.96 2.88 ns ns 

T4 (nmol/L)* 156.58 157.97 144.99 155.83 ns ns 

1Linear; 2Quadratic; ns = not significant at the 5% probability level; *Ca:P — Calcium: Phosphorus; *T3 — tri-
iodothyronine; *T4 — Thyroxine. 

4. Discussion 

All the biochemical variables studied were compared with the standard of nor-
mality for cattle [4], since reference values for buffaloes were not found in the li-
terature. From the comparison, it was possible to verify that the values were 
within the normal reference range, except for the variables related to the energy 
profile. 

The final body weight values demonstrated a positive linear effect with the in-
crease in the energy level in the diet provided to the buffaloes of the experiment, 
the same effect was observed for the total weight gain and mean daily gain. The 
same effect was observed by Franzolin et al. [5], where the buffaloes evaluated in 
their study presented higher daily weight gain as they were fed with increasing 
levels of energy in the confined diet. Campanile et al. [6] evaluated the effect of 
feeding with high and low concentrate diets in buffalo heifers and also observed 
greater weight gain and better body condition scores for the group fed a high 
concentrate diet. 

This fact is due to the greater availability of nutrients in the diets rich in con-
centrate, with a greater contribution of nutrients needed both for body main-
tenance and development of the animals. In addition, in the groups that received 
diets from 40% of concentrate, the mean daily gain met the estimates of weight 
gain between 0.500 and 0.800 kg, according to the diets formulated based on the 
nutritional requirements for buffaloes [7]. It is worth noting that even when re-
ceiving low concentrate diets (20%), the observed value of mean daily gain was 
0.450 kg, very close to the estimates of weight gain for the category studied. 
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There was a significant increase in plasma glucose levels as dietary concentrate 
levels increased, with a quadratic effect with inflection from the 60% level. This 
increase probably occurred as a function of the diet rich in non-fibrous carbo-
hydrates used in the feed of animals supplemented with higher levels of concen-
trate. 

The mean concentrations found in this study for total cholesterol, HDL cho-
lesterol, and triglycerides were 1.43, 0.79, and 0.27 mmol/L, respectively. In a 
study evaluating diets supplied with high and low concentrate for buffalo heifers, 
Campanile et al. [6] found values of 2.08 and 1.52 mmol/L for total cholesterol; 
1.66 and 1.17 mmol/L for HDL cholesterol; and 0.19 and 0.21 mmol/L for trig-
lycerides, respectively, in serum concentrations of animals receiving both high 
and low energy in their diet.  

Analyzing these values, it can be seen that heifers fed a low energy diet had 
lower concentrations of some fundamental metabolic substrates compared to 
heifers fed a high concentrate diet. However, similar to the heifers studied by 
Campanile et al. [6], the animals in this experiment were able to maintain a rela-
tively constant weight gain. 

It is known that glucose is responsible for numerous functions in the body of 
ruminants and a change in the blood glucose rate could be indicative of prob-
lems in the animal’s organism [8]. However, there were no significant alterations 
in the majority of the variables measured in the metabolic profile, or the enzy-
matic activity, demonstrating a metabolism within normality in the studied spe-
cies. 

The higher concentration of lipids in the blood is explained by fat absorbed 
via the intestine or from increases in lipolysis [9]. This may explain the 
increasing levels of total cholesterol and HDL cholesterol found with increased 
dietary concentrate in buffalo heifers. 

The protein profile is directly related to the nutritional status of the animal, 
influenced by the protein input in the diet. Although the diets evaluated in this 
study were isoproteic (Table 1), a linear increase in total protein and albumin 
serum concentrations was observed. For Contreras and Phil [10] albumin is 
considered a more sensitive indicator to evaluate the protein status of animals, 
however, their responses are long term. 

Nevertheless, in spite of the short experimental period, it was possible to ob-
serve increasing linear values of albumin for the buffalo heifers studied. In addi-
tion, total protein concentrations are also related to protein intake and their 
responses occur in the short term. Therefore, total protein concentrations also 
showed linearly increasing values between treatments, even with isoproteic diets. 
Nevertheless, the mean values of the protein variables evaluated are within the 
ranges found by Franzolin et al. [5] and Gomes et al. [11]. 

Referring to the observed results, Verdurico et al. [8] reported that the de-
crease in total plasma proteins is related to deficiency in the diet, after ruling out 
pathological causes, such as liver failure, renal and intestinal disorders, and he-
morrhages, which were not observed in the experimental conditions of this 
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study. 
According to some studies evaluating animals of the same species, the values 

for the enzymatic activities of aspartate transaminase, gamma-glutamyltrans- 
ferase, alanine aminotransferase, and alkaline phosphatase are within normal 
limits for young buffaloes [11]. However, the enzymatic activity of gamma-gluta 
myltransferase was influenced by the level of concentrate in the diet, presenting 
a quadratic effect, with the inflection of values from the inclusion of 60% of 
concentrate in the diet. Some authors have found an increase in gamma 
-glutamyltransferase activity in cattle [12] [13] and buffaloes [11]. 

Although this effect was observed in the gamma-glutamyltransferase activity, 
demonstrating greater hepatic participation in the metabolism due to the high 
energetic concentrations of the diet, the enzymatic profile was not influenced by 
the inclusion of concentrate in the diet, evidencing proper hepatic functioning, 
even for the buffalo heifers which received higher energy levels. This may dem-
onstrate a better metabolic capacity of buffaloes, presenting lower rates of liver 
and/or muscle lesions when submitted to highly intensive nutritional manage-
ment. 

Regarding the mineral profile, there was an increase in calcium and phospho-
rus levels, but with quadratic and linear effects, respectively. The behavior of se-
rum calcium should normally follow the linear increase of albumin presented. 
According to Tokarnia et al. [14], the calcium level normalizes together with the 
albumin, correlated with the higher intake of pasture and concentrate in the diet. 
However, Dias et al. [15], in a literature review, citing that excess calcium may 
impair reproductive function due to a secondary deficiency of phosphorus, 
magnesium, zinc, copper, and other microelements that may inhibit intestinal 
absorption.  

In the current study, serum magnesium levels were found to be within the 
reference standards [4] and maintaining adequate concentrations of this mineral 
contributes to the results in relation to calcium, since bone resorption of calcium 
is dependent on magnesium, whose balance in concentrations is directly related 
to the diet provided to the animals [16]. In addition, there is a positive associa-
tion between cholesterol, calcium, and magnesium [17]. 

Regarding the linear behavior of phosphorus, the importance of this essential 
mineral in the nutrition of ruminants is stressed, since it exerts important func-
tions in the organism. According to Dias et al. [15], among the many functions 
of phosphorus, the most important is perhaps its participation in cellular meta-
bolism, being part of the biochemical mechanisms linked to energy metabolism. 
Several components of the cell are esters of phosphoric acid, many of which are 
endowed with the standard free energy of hydrolysis. 

Negative linear behavior of serum chlorine levels was observed as dietary 
energy levels increased. Sodium, chlorine, and potassium present several func-
tions, one of which is the maintenance of osmotic pressure and acid-base bal-
ance. Even sodium and potassium play an important role in the conduction and 
transmission of nerve impulses, cardiac function, and transport of nutrients (so-
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dium-potassium pump). A framework of sodium and chlorine deficiency leads 
to perversion of appetite and reduction in milk production. Potassium is the 
major intracellular cation, and its functions are especially correlated to sodium 
and chlorine [17]. 

No significant differences were observed between the treatments for serum 
levels of thyroid hormones T3 (triiodothyronine) and T4 (thyroxine), demon-
strating the hormonal metabolic homeostasis of the animals, even under diets 
with high levels of concentrate. This fact is evidenced by the performance values 
observed in the weight gain, since according to Pezzi et al. [18] and Morais et al. 
[19] a decrease in the hormonal metabolic rate could induce alterations in other 
bodily functions, such as decreased food consumption and body weight, espe-
cially in situations of intensive nutritional management. 

The animals in the current study presented mean values of 2.69 nmol/L and 
153.84 nmol/L for T3 and T4, respectively. Studies carried out with buffalo fe-
males of different ages and physiological conditions quantified mean values 
ranging from 0.37 to 3.41 nmol/L for T3 and from 31.28 to 73.48 nmol/L for T4 
[20] [21]. 

It can be seen that the values for T3 observed in this study are similar to those 
found in the literature, despite differences in the age range of the animals stu-
died. However, the values for T4 were much higher than previous works. It is 
probable that this increase in hormone levels is due to the increase in the meta-
bolic rate, arising from the high levels of concentrate in the experimental diets, 
together with the influence of environmental factors [22] [23]. In addition, in-
creased thyroid hormone concentrations during certain times of the year may 
occur due to increased food intake [24]. 

5. Conclusion 

Diet with until 80% of concentrate level does not negatively influence 
biochemical parameters that represent the profile of energy, protein, mineral 
and thyroid hormones for growing buffalo heifers and favors the performance of 
the animals. This confirms that buffaloes have a good ability to metabolize die-
tary nutrients, allowing the maintenance of productive functions. In addition, 
this study serves as a reference parameter for serum levels of T3 (triiodothyro-
nine) and T4 (thyroxine) in buffalo heifers (Bubalus bubalis). 
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