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Performance and physiological parameters in broilers fed different 
enzyme complexes

Desempenho e parâmetros fisiológicos de frangos de corte 
alimentados com diferentes programas de enzimas

Thiago dos Santos Andrade1*; Ricardo Vianna Nunes2; Idiana Mara da Silva3; 
Lucas Wachholz4; Vitor Barbosa Fascina5   

Abstract

The effects of enzyme supplementation on the performance, yield, and blood profile of broilers fed 
corn and soybean diets from 1 to 42 days of age were evaluated. A total of 960 male broilers were 
used, distributed in a completely randomized design, with six treatments and eight replications. Two 
diets were used: a positive control formulated to meet the birds’ nutritional requirements (Diet 1) and a 
negative control diet with reduction of 150 kcal.kg-1 of metabolizable energy (Diet 2) and 12% amino 
acid in the initial phase and 18% during the growing and finishing phases. Further diets were based 
on the negative control with enzymes: enzyme complex 1, composed of 125 g ton-1 protease; enzyme 
complex 2, composed of 100 g ton-1 amylase, protease, and xylanase; enzyme complex 3, composed of 
500 g ton-1 amylase, protease, and xylanase; and enzyme complex 4, composed of 125 g ton-1 protease 
and 500 g ton-1 beta-mannanase. Enzymatic supplementation did not improve performance during 
the initial and growing phases due to nutritional imbalance, resulting in the worst weight gain and 
feed conversion during the finishing phase. Carcass yield, leg yield, abdominal fat, and pancreas were 
altered by enzymatic supplementation. Triglyceride levels influenced abdominal fat deposition, and 
the serum levels of albumin and alanine aminotransferase were altered by enzymatic supplementation. 
Enzymatic supplementation was not effective in restoring broiler performance, carcass yield, and cuts, 
with changes in the serum biochemical profile of the broiler chickens.
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Resumo

Este trabalho foi realizado para avaliar os efeitos da suplementação enzimática sobre o desempenho, 
rendimento e perfil sanguíneo em frangos de corte alimentados com dietas de milho e soja no período 
de 1 a 42 dias de idade. Foram utilizados 960 machos, distribuídos em um delineamento inteiramente 
casualizado com seis dietas e oito repetições, sendo formuladas duas rações, o controle positivo para 
atender as exigências nutricionais e o controle negativo com redução de 150 kcal kg-1 de energia 
metabolizável e 12% de aminoácidos nas fases iniciais e 18% nas fases de crescimento e terminação, 
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sendo estas as dietas um e dois. As demais dietas foram à base do controle negativo com enzimas, sendo 
o complexo enzimático um composto por 125 g ton-1 de protease; complexo enzimático dois composto 
por 100 g ton-1 de amilase, protease e xilanase; complexo enzimático três composto por 500 g ton-1 de 
amilase, protease e xilanase e o complexo enzimático quatro composto por 125 g ton-1 de protease e 500 
g ton-1 de betamananase. A suplementação enzimática não melhorou o desempenho na fase inicial e de 
crescimento, em razão do desbalanço nutricional, na fase de terminação proporcionou o pior ganho de 
peso e conversão alimentar. O rendimento de carcaça, coxa e sobrecoxa, gordura abdominal, pâncreas 
foram alterados pelas dietas contendo complexos enzimáticos. Os níveis de triglicerídeos influenciaram 
na deposição de gordura abdominal e os níveis séricos de albumina, alanina aminotransferase foram 
alterados pelas dietas enzimáticas. Concluiu-se que a suplementação enzimática não foi efetiva na 
recuperação do desempenho, rendimento de carcaça e cortes apresentando alteração no perfil bioquímico 
sérico de frangos de corte.
Palavras-chave: Amilase. Energia metabolizável. Protease. Xilanase.

performance, carcass characteristics, cuts, and 
serum biochemical profile of broiler chickens from 
1 to 42 days of age.

Material and Methods

The trial was conducted at the Research Center of 
the Western Paraná State University (UNIOESTE), 
Campus Marechal Candido Rondon, Parana, and 
approved by the Animal Experimentation Ethics 
Committee under the protocol no. 63/2016.

A total of 960 one-day-old male broilers from 
Cobb 500 lineage were used and distributed in a 
completely randomized design, with six treatments 
and eight replications, totaling 48 experimental 
units with 20 birds each. Two diets were formulated: 
positive control (PC) based on corn and soybean 
meal without enzyme complex, meeting all the 
nutritional requirements of the birds (Diet 1), and 
a negative control (NC) diet with reduction of 
150 kcal.kg-1 of metabolizable energy and 12% 
digestible amino acids during the initial phase 
and 18% during the growing and finishing phases 
(Diet 2). Further diets were based on the NC with 
nutritional reductions and enzymatic supplements 
included as recommended by manufacturers for 
each rearing stage.

Four enzyme complexes were used: enzyme 
complex 1, composed of 125 g ton-1 protease; 
enzyme complex 2, composed of 100 g ton-1 

Introduction

Corn and soybean meal are the most used 
ingredients in poultry diets in much of the world, and 
they are known to contain different anti-nutritional 
factors that may obstruct digestion and absorption 
of nutrients (YEGANI; KORVER, 2013), including 
carbohydrates and proteins in the digestive tract 
(YU; CHUNG, 2004). Corn contains non-starch 
polysaccharides soluble at lower concentrations 
than soybean meal, but its overall contribution 
may be substantial due to its high inclusion rate 
(COWIESON; ADEOLA, 2005; WEST et al., 
2007).

In corn-soybean meal diets, exogenous enzymes 
can improve energy availability and deactivate 
their anti-nutritional factors (DOSKOVIC et al., 
2013; STEFANELLO et al., 2016), as well as 
influence the health of the birds, changing the 
conditions in the intestinal tract and proliferation of 
unwanted organisms (YANG et al., 2010; YEGANI; 
KORVER, 2013). However, the existing knowledge 
about the role of enzymes is limited, controversial, 
or inconsistent, demonstrating that information is 
still needed in this area of research (OLUKOSI et 
al., 2007; JIANG et al., 2008; CARDOSO et al., 
2011; AMERAH et al., 2016; SCHRAMM et al., 
2016).

The aim of this study was to evaluate the use of 
diets with reduced nutritional levels supplemented 
with different enzyme complexes on the productive 
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amylase, protease, and xylanase; enzyme complex 
3, composed of 500 g ton-1 amylase, protease, and 
xylanase; and enzyme complex 4, composed of 125 
g ton-1 protease and 500 g ton-1 beta-mannanase. The 
enzymes were used following the recommendation 
of each nutritional matrix of the NC diet (Table 1 
and 2). The feeding programs were based on the 

nutritional recommendations of the Brazilian Tables 
for Poultry and Swine (ROSTAGNO et al., 2011), 
according to the following phases: pre-initial (1 to 
7 days of age), initial (8 to 21 days of age), growing 
(22 to 35 days of age), and finishing (36 to 42 days 
of age).

Table 1. Centesimal, energetic, and chemical composition of experimental diets.

Ingredients Pre-initial Initial Growth Terminal

Corn 47,95 59,51 51,48 63,55 53,18 66,81 55,43 67,32

Soybean meal 42,59 34,62 37,88 29,82 35,89 25,35 31,27 23,36

Soy oil 3,70 - 4,73 0,56 6,20 1,64 7,25 3,20

Flour meat 2,00 2,00 2,00 2,00 2,00 2,00 2,00 2,00

Dicalcium phosphate 1,16 1,20 1,20 1,24 1,22 1,28 1,26 1,30

Limestone 1,15 1,18 1,17 1,20 1,17 1,21 1,19 1,22

Salt 0,45 0,35 0,42 0,23 0,36 0,15 0,24 0,15

DL-methionine 99% 0,37 0,31 0,33 0,28 0,32 0,24 0,28 0,18

Biolys 0,19 0,25 0,40 0,40 0,43 0,43 0,40 0,40

Bicarbonate of sodium 0,10 0,24 0,21 0,27 0,21 0,29 0,23 0,19

Premix¹ 0,30 0,30 0,14 0,41 0,23 0,59 0,41 0,67

L-threonine 98% 0,04 0,04 0,04 0,04 0,04 0,04 0,04 0,01

Total % 100 100 100 100 100 100 100 1000

Nutritional levels

ME (kcal/kg-¹) 3000 2850 3100 2950 3200 3050 3300 3150

Crude protein (%) 24,50 21,56 22,64 19,92 21,71 17,80 19,85 16,28

Digestible Met + Cys (%) 10,14 8,92 9,36 8,24 8,97 7,36 8,19 6,72

Digestible methionine (%) 6,96 6,12 6,39 5,62 6,11 5,01 5,55 4,55

Digestible lysine (%) 13,00 11,44 12,00 10,56 11,50 9,43 10,50 8,61

Digestible threonine (%) 8,45 7,44 7,80 6,88 7,47 6,13 6,82 5,59

Available phosphorus (%) 4,76 4,76 4,76 4,19 13,42 11,00 4,76 3,90

Calcium (%) 10,00 8,80 10,00 8,80 8,62 7,07 10,00 8,20

Potassium (%) 10,02 8,81 9,21 8,10 8,81 7,22 8,00 6,56

Chlorine (%) 3,24 2,85 3,05 2,68 2,69 2,21 1,96 1,61

Sodium (%) 2,30 2,02 2,30 2,02 2,30 1,89 2,36 1,94

¹Premix composition: Folic acid (min) 162,50 mg; Pantothenic acid (min) 2600,00 mg; Chlorohydroxyquinoline 7500,00 mg; 
Copper (min) 1996,38 mg; Choline (min) 71,59 g; Ethoxyquin (min) 750,00 mg; Iron (min) 11,25 g; Butyl hydroxide anisole (min) 
250,00 mg; Butylated hydroxytoluene (min) 756,00 mg; Iodine (min) 187.47 mg; Manganese (min) 18,74 g; Niacin (min) 7000,12 
mg; Salinomycin 16,50 g; Selenium (min) 75,00 mg; Vitamin A (min) 14002,50 IU; Vitamin B1 (min) 388,00 mg; Vitamin B12 
(min) 2000,05 mcg; Vitamin B2 (min) 1000,02 mg; Vitamin B6 (min) 520,00 mg; Vitamin D3 (min) 300006.87 IU; Vitamin E 
(min) 2500.00 IU; Vitamin K3 (min) 300,00 mg; Zinc (min) 17,50 g.
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Table 2. Nutritional matrix of the enzyme complexes.

Nutrients Enzyme complex 1 Enzyme complex 2 Enzyme complex 3 Enzyme complex 4

Crude protein (%) 4.000 5.140 1.719 1.5512

ME (Kcal.kg) 64.000 200.000 90.000 70.000

Digestible methionine (%) 113 67 45 90

Digestible cystine (%) 79 160 83 93

Digestible lysine (%) 257 153 86 75

Digestible threonine (%) 230 230 133 100

Digestible tryptophan (%) 166 41 7 27

Digestible arginine (%) 41 0 105 80

Data of performance, yields of carcass, cuts, 
organs, abdominal fat, and blood parameters were 
submitted to analysis of variance and a Tukey test at 
the 5% probability level.

Results and Discussion

Tables 3, 4, and 5 show the performance 
during the pre-initial (1-7 days), initial (1-21 
days), and growing phases (1-35 days) and the 
whole experimental period (1-42 days) in broilers 
fed PC (adequate nutritional levels) and NC diets 
(reduction of 150 kcal kg-1 of metabolizable energy 
and 12% of digestible amino acids during the initial 
phase and 18% during the growing phase and the 
whole experimental period) containing enzymatic 
complexes or not.

Feed intake (Table 3) did not differ between diets 
(P>0.05), demonstrating that supplementation with 
enzyme complexes did not meet the overestimation 
of the ingredients. Similar results were observed 
by Olukosi et al. (2007) and Yegani and Korver 
(2013) studying amylase, protease, and xylanase 
for broiler diets. The authors attributed the lack of 
improvement in feed intake to the low availability 
of substrate for enzyme activity. The same authors 
further suggest that corn has low pectin content and 
that beta-glucan values are often not reported or are 
negligible in this ingredient.

Digestible valine (%) 204 330 85 58

At the end of the trial (42 days old), the broilers and 
feed leftovers were weighed to evaluate feed intake, 
weight gain, and feed conversion. Simultaneously, 
two broilers per plot were slaughtered by cervical 
dislocation and bleeding to determine the carcass 
yield. After scalding and manual defeathering, the 
carcasses were eviscerated, washed, weighed, and 
cut into pieces. Subsequently, the carcass, cuts, 
pancreas, liver, gizzard, and abdominal fat were 
weighed.

The carcass yield was calculated considering 
the dressed carcass weight in relation to the body 
weight of broilers, while the drumstick, thigh, 
chest, and wing yields were considered in relation 
to the weight of the eviscerated carcass. The viscera 
and abdominal fat were considered in relation to 
the live weight of broilers. The abdominal fat was 
constituted by the adipose tissue found around the 
cloaca.

At 42 days of age, after a 6-h fast, blood samples 
were collected from the brachial vein of two birds 
per experimental unit. Blood was centrifuged to 
obtain serum for cholesterol, triglyceride, total 
protein, uric acid, creatinine, alanine transferase, 
aspartate aminotransferase, albumin, glucose, 
and urea analyses using commercial kits and an 
automatic spectrophotometer. 
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Table 3. Cumulative weekly feed intake of broilers fed different enzymatic complexes (1).

Diets Cumulative weekly feed intake (g)

1-7n.s(2) 1-21n.s 1-35n.s 1-42n.s

Positive control 196,0 1445,1 3541,7 4300,4

Negative control 198,8 1471,2 3546,3 4293,5

Enzyme complex 1 196,6 1452,3 3518,7 4253,0

Enzyme complex 2 197,1 1462,8 3511,4 4200,0

Enzyme complex 3 193,9 1455,8 3483,6 4195,3

Enzyme complex 4 198,1 1479,8 3598,8 4285,9

SEM(3) 0,682 6,456 13,432 13,747

CV(4) 2,390 3,123 2,567 2,108
(1) Means followed by different letters in the column differ by the Tukey test at the 5% probability level, 
(2) NS: not significant, (3) SEM: standard error of the mean, (4) CV: coefficient of variation.

Table 4. Average cumulative weight gain of broilers fed different enzymatic complexes (1).

Diets Average cumulative weight gain (g)

1-7 1-21 1-35 1-42

Positive control 154,09ª 1049,20ª 2319,86ª 2836,08ª

Negative control 141,86b 900,01b 2032,63b 2587,98b

Enzyme complex 1 144,20b 908,79b 2029,11b 2568,55bc

Enzyme complex 2 142,77b 891,62b 1990,31b 2465,50d

Enzyme complex 3 146,02b 908,16b 2003,80b 2517,50cd

Enzyme complex 4 145,07b 900,94b 2007,11b 2469,53d

SEM(2) 0,792 8,508 17,822 19,303

CV(3) 2,689 2,176 2,073 1,719
(1) Means followed by different letters in the column differ by the Tukey test at the 5% probability level, 
(2) SEM: standard error of the mean (3) CV: coefficient of variation.

Table 5. Cumulative feed conversion of broilers fed different enzymatic complexes (1).

Diets Cumulative feed conversion (g g)

1-7 1-21 1-35 1-42

Positive control 1,243a 1,378a 1,527a 1,516a

Negative control 1,403c 1,635b 1,745b 1,659b

Enzyme complex 1 1,364bc 1,599b 1,735b 1,656b

Enzyme complex 2 1,382c 1,641b 1,764b 1,703bc

Enzyme complex 3 1,339b 1,603b 1,739b 1,666b

Enzyme complex 4 1,365bc 1,643b 1,794b 1,736c

SEM(2) 0,008 0,015 0,014 0,011

CV(3) 2,429 3,338 2,686 2,071
(1) Means followed by different letters in the column differ by the Tukey test at the 5% probability level, 
(2) SEM: standard error of the mean (3) CV: coefficient of variation.
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The reduction in nutritional requirement (NC), 
impaired weight gain (Table 4), and feed conversion 
(Table 5) in broilers during the pre-initial (1-7 
days), initial (1-21 days), and growing phases (1-
35 days) and supplemental enzyme complexes were 
not enough to restore the diet. Toledo et al. (2007) 
support this result in a study that evaluated the 
enzyme complex supplementation of broiler diets 
up to 35 days of age, verifying that birds require 
higher metabolizable energy due to lower digestive 
capacity. Similarly, Yang et al. (2010) and Schramm 
et al. (2016) attributed the inefficacy of exogenous 
enzymes to nutritional imbalance, which inhibits 
the activity of enzymes that improve nutrient 
degradation, digestion, and absorption.

On the other hand, during the finishing phase (1-
42 days), the enzymatic supplementation irregularly 
affected the metabolism due to the nutritional 
imbalance in the previous periods, resulting in 
poor performance compared to the NC. According 

to Bao et al. (2013), the benefits of enzymes can 
be impaired when the diet does not have a good 
balance between nutrient composition and energy. 
Conversely, Stefanello et al. (2016) suggest that 
nutritional deficiency provides greater access for 
some endogenous enzymes to cell wall-bound 
nutrients, limiting energy utilization and nutrient 
digestibility.

The values of carcass, noble cuts, and abdominal 
fat and the relative weights of liver, gizzard, and 
pancreas in broilers fed diets supplemented with 
enzymatic complexes are shown in Tables 5 and 6. 
Breast and wing yields did not differ between diets 
(P>0.05). However, the yields of carcass, thigh, and 
drumstick and abdominal fat (Table 6) were affected 
by the nutritional imbalance caused by nutritional 
reduction and enzymatic supplementation. 
According to Silva et al. (2003), the amount of 
energy consumed is not always sufficient to ensure 
the maximum protein deposition in the carcass, and 
a possible nutritional imbalance and an increase in 
net energy can contribute to the deposition of lean 

tissue and the increase in carcass fat (MENDONÇA et al., 2008).
Table 6. Carcass, noble cuts, and abdominal fat yields in 42-day-old broilers fed different enzymatic complexes (1).

Diets Carcass noble cuts abdominal fat breast ns (2) Wing ns

Positive control 73,33b 29,20a 1,39b 36,77 9,861

Negative control 74,01ab 26,90b 1,67ab 35,79 9,873

Enzyme complex 1 73,67ab 29,01a 1,76ab 36,56 9,931

Enzyme complex 2 74,00ab 28,43ab 1,72ab 36,58 10,001

Enzyme complex 3 74,76ab 29,66a 1,77ab 35,61 9,873

Enzyme complex 4 75,04a 29,04a 1,89a 36,08 10,149

SEM(3) 0,171 0,178 0,043 0,229 0,050

CV(4) 2,170 5,35 23,70 6,237 4,948
(1) Means followed by different letters in the column differ by the Tukey test at the 5% probability level, 

(2) NS: not significant, (3) SEM: standard error of the mean, (4) 

CV: coefficient of variation.

The relative weights of liver and gizzard did 
not differ between diets (P>0.05). In contrast, 

the relative weight of the pancreas (Table 7) was 
influenced by the enzymatic diets when compared 
to the PC and NC (P<0.05). Possibly, the enzymatic 
supplementation provided an imbalance in the 
activity of the endogenous enzymes in the pancreas, 
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corroborating with the results of Zhu et al. (2014). 
The authors associated increased pancreatic lipase 
(7 days old), trypsin (14-21 days of age), and pepsin 
(7-21 days of age) to a digestive adaptive capacity 
of broilers fed diets with metabolizable energy 

reduction. Moreover, the reduction in the activity of 
pancreatic lipase (14-21 days of age) and amylase 
(14 days of age) was connected to the high rate 
of enzyme secretion during the previous phases. 
Moraes et al. (2009) also observed an increase in 

the specific activity of α-amylase and lipase that was attributed to the increase in the relative weight of the 
pancreas.
Table 7. Relative weight of organs from 42-day-old broilers fed different enzymatic complexes (1).

Diets Livern.s(2) Gizzardn.s Pancreas

Positive control 1,98 1,22 0,16b

Negative control 1,85 1,34 0,15b

Enzyme complex 1 2,03 1,31 0,21ab

Enzyme complex 2 2,01 1,33 0,19ab

Enzyme complex 3 1,97 1,37 0,23a

Enzyme complex 4 2,03 1,39 0,20ab

SEM(3) 0,033 0,019 0,007

CV(4) 16,64 13,83 30,39

(1) Means followed by different letters in the column differ by 
the Tukey test at the 5% probability level, 
(2) NS: not significant, (3) SEM: standard error of the mean, (4) 

CV: coefficient of variation.

The biochemical profile of broilers fed diets 
containing enzymatic complexes is presented 
in Tables 8 and 9. The nutritional reduction and 
enzymatic supplementation did not affect the 

enzymatic activity of aspartate aminotransferase, total proteins, creatine, glucose, uric acid, and cholesterol, 
which were within the normal range for broilers (SCHMIDT et al., 2007).
Table 8. Biochemical serum parameters in 42-day-old broilers fed different enzymatic complexes (1).

Diets AST(5)n.s

(UI-1)
TP(6)n.s

(g dL-¹)
Creatinen.s(2)

(mg dL-¹)
Glucosen.s

(mg dL-¹)
Uric acid.s

(mg dL-¹)
Cholesterol

(mg dL-¹)

Positive control 337,50 3,61 0,26 274,00 2,71 131,87ab

Negative control 337,63 3,17 0,26 281,12 2,57 101,50d

Enzyme complex 1 334,50 3,21 0,24 273,37 2,86 111,25cd

Enzyme complex 2 287,39 3,27 0,24 273,37 2,90 118,37bc

Enzyme complex 3 371,75 3,39 0,26 280,50 2,95 137,12a

Enzyme complex 4 293,00 3,49 0,25 274,62 2,80 132,87ab

SEM(2) 9,756 0,051 0,003 2,771 0,064 2,592

CV(3) 19,723 9,86 8,04 7,24 16,16 10,72
(1) Means followed by different letters in the column differ by the Tukey test at the 5% probability level, 
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(2) NS: not significant, (3) SEM: standard error of the mean, (4) CV: coefficient of variation, (5) AST: aspartate aminotransferase, (6) TP: 
total proteins.

Tabela 9. Biochemical serum parameters in 42-day-old broilers fed different enzymatic complexes (1).

Diets Triglyceride (mg dL-¹) Albumin (g dL-¹) ALT (UI-1)(4)

Positive control 137,87a 1,55a 8,75a

Negative control 88,75b 1,35b 5,25b

Enzyme complex 1 124,12ab 1,37b 4,50b

Enzyme complex 2 105,37ab 1,31b 3,75b

Enzyme complex 3 114,87 ab 1,43b 5,12b

Enzyme complex 4 109,25ab 1,39b 4,25b

SEM(2) 4,087 0,020 0,310

CV(3) 22,13 8,51 27,59

(1) Means followed by different letters in the column differ 
by the Tukey test at the 5% probability level, 
(2) SEM: standard error of the mean, (3) SEM: standard error of 
the mean, (4) ALT: Alanine aminotransferase.

Triglycerides (Table 9) influenced abdominal fat 
deposition, carcass weight, and thigh and drumstick 
yields in broilers fed with enzymatic supplementation 
(P<0.05) due to the nutritional quality and quantity 
of the diet. According to Berchieri Júnior and Freitas 
Netos (2009), the energy in feed can be stored in the 
adipose tissue as triglycerides, and this same energy 
can be mobilized during feed restriction, allowing 
adipose tissue mass variations.

Albumin levels (Table 9) were reduced in broilers 
fed enzymatic diets (P<0.05) and were below the 
normal range described by Schmidt et al. (2007). 
According to the same authors, as the liver produces 
albumin, a reduction in serum concentration may 
cause a decrease in feed intake. Harr (2002) also 
attributed albumin reduction to poor digestion and 
absorption or loss of proteins by enteropathy and 
nephropathy. Therefore, the present study suggests 
that nutritional imbalance affected the function of 
albumin in transporting fatty acids, minerals, uric 
acid, and vitamins A and C.

The alanine aminotransferase (Table 9), known 
to balance protein metabolism, had its activity 

reduced in enzymatic diets (P>0.05), possibly due 
to the reduced metabolizable energy level. In the 
study conducted by Barbosa et al. (2010), higher 
levels of alanine aminotransferase in broilers during 
the first 8 days of life were observed, which were 
attributed to the change in dietary pattern when the 
broilers started to be fed diets with higher amounts 
of carbohydrates and proteins. The same authors 
observed a reduction in the activity of alanine 
aminotransferase in 22-day-old broilers, which was 
attributed to the reduction in dietary energy levels.

Conclusion

Enzymatic supplementation in diets with 
reduced nutritional levels did not improve broiler 
performance during the pre-initial (1-7 days), 
initial (1-21 days), and growing (1-35 days) 
phases. Providing diets with nutritional reduction 
supplemented for longer periods (1-42 days) may 
cause greater nutritional imbalance, resulting in 
increased fat deposition in the carcass, thigh, and 
drumstick, increased abdominal fat deposition, and 
alterations in triglyceride, albumin, and alanine 
aminotransferase levels.
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