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Apresentação

A 36ª Reunião Anual do Colégio Brasileiro de Nutrição Animal 
(CBNA) reuniu pesquisadores, profissionais da indústria e especialistas 
da cadeia produtiva para discutir avanços técnicos, desafios e tendên-
cias da nutrição animal no Brasil e no mundo. Nesta edição, o tema cen-
tral do evento foi “Nutrição além da Nutrição”, com conteúdo dedicado às 
áreas de Aves, Suínos e Bovinos, abordando diferentes tópicos: Impacto 
da Pesquisa Brasileira na Produção Animal; Retorno do Investimento da 
Nutrição; Soluções além da Nutrição; Inteligência Artificial. Um ponto 
importante desta edição é que a construção do programa contou com a 
participação de empresas do setor, buscando integrar a produção cientí-
fica voltada à nutrição animal no Brasil com as demandas da indústria. 
Esse trabalho conjunto garantiu uma grade atual, estratégica e totalmente 
conectada às demandas do setor, e a apresentação de trabalhos científi-
cos com temas inovadores e com grande aplicação na produção de aves, 
suínos e bovinos.

Coordenadores
Anais da 36ª Reunião Anual do CBNA
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Effects of condensed tannin from Acacia Mearnsii as a 
substitute for antibiotic growth promoters on productive 
performance and environmental quality in laying hens

Bruna Poletti1, Daniela Oliveira2, Carlos Bôa-Viagem Rabelli2,  
Lilian Francisco Arantes de Souza2, Marcos José Batista dos Santos3, 

Dayane Albuquerque da Silva2, Apolônio Gomes Ribeiro3

1TANAC S.A.; 2Universidade Federal Rural de Pernambuco; 3Universidade Federal da Paraíba
Contact: bpoletti@tanac.com.br / Presenter: Bruna Poletti

Abstract: The objective of the present study is to evaluate condensed tan-
nin from black wattle (Acacia mearnsii) as a dietary additive for laying 
hens, aiming at positive effects on productive performance and environ-
mental quality, while providing na alternative to antibiotic growth pro-
moters (AGPs). A total of 480 Hy-Line W80 laying hens, 20 weeks of age, 
were used. The experimental period lasted until 45 weeks of age, under 
an average temperature of 29°C, relative humidity of 64%, and a 16-hour 
light program. The birds were allocated in a completely randomized 
design with 45 treatments, eight replicates, and tem hens per replicate. 
The treatments consisted of: a negative control diet (NC); a positive con-
trol diet with antibiotic (BAC, 0.06% / 100 kg bacitracin methylene disali-
cylate); and four diets with condensed tannin at different inclusion levels 
or application phases: TAN75 (0.75 kg/t), TAN100P (1.00 kg/t starting at 
laying), and TAN100C (1.00 kg/t starting at rearing). The tannin source 
used was a condensed tannin extract from black wattle (Acacia mear-
nsii)**, containing 70% tannin. The performance data showed that the 
treatment with 1 kg/t of tannin during the laying phase (TAN100P) was 
superior to the antibiotic control (BAC) in terms of egg weight and egg 
mass. In addition, improvements were observed in intestinal integrity 
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and environmental parameters. The reduction in ammoniacal nitrogen 
indicated lower protein degradation in the hindgut, while the decrease in 
excreta pH contributed to reduced ammonia volatilization, better air qua-
lity, and fewer respiratory risks. A more acidic intestinal environment 
also favored beneficial bacteria and inhibited enteric pathogens. Overall, 
tannins acted as antioxidants and as agents of microbial and environ-
mental balance, with positive impacts on bird welfare and production 
sustainability. The inclusion of 1 kg/t condensed tannin from black watt-
le (Acacia mearnsii) during the laying phase (TAN100P) proved more 
effective than the antibiotic control (BAC) in improving performance and 
excreta quality.

Keywords: NUTRITION; hens; ammonia; polyphenols

Table 1. Body Weight Gain (BWG, kg), Egg Weight (EW, g), Egg Production (EP, %),  
Egg Mass (EM, g/hen/day), Feed Intake (FI, g/hen/day), Feed Conversion per Egg Mass 
(FCR/EM, g/g), and Feed Conversion per Dozen Eggs (FCR/DZ, kg/dz) of laying hens at 

peak production fed different experimental diets

Treatments BWG EW EP EM FI
FCR/
EM

FCR/DZ

DC 1.107 56.228 92.736 55.429 105.745 1.865 1.310
BAC 1.108 55.776 92.091 54.992 105.618 1.856 1.303

TAN50 1.068 56.264 92.133 55.872 105.736 1.829 1.305
TAN75 1.053 56.399 93.101 56.204 105.840 1.825 1.294

TAN100P 1.107 56.797 92.860 56.535 105.730 1.830 1.300
TAN100C 1.115 56.288 93.158 55.788 105.840 1.837 1.298

Overall Mean 1.093 56.282 92.692 55.795 105.749 1.839 1.301
SEM 0.004 0.047 0.067 0.079 0.012 0.002 0.007

*Statistical difference (P<0.05)
SEM: Standard Error of the Mean
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Table 2. Ammoniacal nitrogen content released (N, mg/100 g) in excreta and  
excreta pH of laying hens during the peak production phase (20-45 weeks of age)

Treatments N pH

DC 1.020 6.038

BAC 1.292 6.013

TAN50 1.279 5.463

TAN75 0.928 5.713

TAN100P 0.812 5.850

TAN100C 0.744 5.763

Overall Mean 1.014 5.806

SEM 0.075 0.040

*Statistical difference (P<0.05)
SEM: Standard Error of the Mean
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Dietary carbohydrate sources in the pre-starter phases 
of broiler chickens: effects on performance, intestinal 

mophormetry, and plasma glucose and lactate
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Abstract: The early growth of broiler chickens is influenced by factors 
such as the development of the gastrointestinal tract and adaptation 
to post-hatch diet, which are characterized by a higher supply of car-
bohydrates compared to the embryonic phase. During this period, the 
digestive system is still immature, potentially limiting nutrient digestion 
and absorption. Thus, nutritional strategies such as the inclusion of rapi-
dly absorbed carbohydrates may improve energy utilization and support 
early development. The objective of this study was to evaluate the effect 
of including different carbohydrates sources on performance, intestinal 
morphometry, and blood parameters of broiler chickens in the pre-star-
ter phase. A total of 192 male chicks (Cobb 500) were used, distributed 
in a randomized block design with four treatments and six replicates of 
eight birds each. The treatments consisted of: Corn and soybean meal 
diet (RMS); RMS + 5% dextrose (DRO); RMS + 5% dextrin (DRI); RMS + 
5% maltose (MTO) from 1 to 7 days of age. Average body weight, feed 
intake, weight gain, and feed conversion ratio were recorded to assess 
performance. At 7 days of age, one bird per replicate was euthanized for 
intestinal sample collection for morphometric analysis and blood sam-
pling. Data were subjected to ANOVA using R Studio software (4.5.1), 
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and means were compared by Tukey’s test (p<0.05). Productive perfor-
mance parameters at 7 days did not differ among treatments (p>0.05). 
Lactate levels were not affected (p=0.696), while glucose showed a ten-
dency to increase in the DRO treatment (p=0.053). Intestinal morphome-
tric variables, crypt depth, villus:crypt ratio, and villus and crypt dimen-
sions, were not affected in the evaluated intestinal segments (duodenum, 
jejunum, and ileum), although a trend was observed for crypt width in 
the jejunum (p=0.066). In conclusion, the inclusion of rapidly absorbed 
carbohydrates at 5% level in the prestarter diets does not affect perfor-
mance, blood parameters, or intestinal morphometry at 7 days of age. 
Further studies are needed to explore alternative strategies to enhance 
the effectiveness of these carbohydrates during early development. New 
carbohydrate inclusion strategies should be investigated to enhance their 
effects during the pre-starter phase.

Keywords: blood parameters; intestinal histomorphometry; performance; pre-star-
ter phase; simple carbohydrates.
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Table 1. Initial performance, blood parameters, and intestinal  
morphometry of broiler chickens according to treatments

Item
Treatments

SEM p-value
RMS DRO DRI MTO

Performance
BW, g 172.3 172.7 176.5 176.8 4.43 0.830
WG, g 133.1 133.6 137.6 137.8 4.39 0.818
FI, g 132.2 131.6 135.0 129.0 3.72 0.733

FCR, g:g 0.993 0.991 0.98 0.939 0.029 0.560
Blood Parameters

Glucose, mg/dL 253.6 340.8 256.4 235.0 26.02 0.053
Lactate, mmol/L 33.5 31.3 28.8 25.6 4.82 0.696

Intestinal Morphometry
Duodenum

Height of villi, µm 873.3 851.1 876.4 888.3 31.42 0.863
Width of villi, µm 149.8 153.9 151.8 145.5 7.23 0.866
Crypt depth, µm 93.1 102.7 99.2 96.9 3.11 0.212

Width of crypt, µm 68.1 68.2 66.6 64.4 1.91 0.476
Villus Crypt ratio 9.4 8.4 8.8 9.1 0.44 0.442

Jejunum
Height of villi, m 490.7 572.6 532.6 505.0 41.69 0.582
Width of villi, µm 140.0 145.0 138.7 144.1 7.04 0.908
Crypt depth, µm 94.9 100.8 93.0 96.5 2.97 0.381

Width of crypt, µm 62.7 69.8 64.4 68.0 1.80 0.066
Villus Crypt ratio 5.1 5.6 5.7 5.2 0.38 0.626

Ileum
Height of villi, µm 345.0 359.0 336.6 333.0 19.93 0.804
Width of villi, µm 133.0 127.1 126.7 126.3 6.89 0.889
Crypt depth, µm 87.0 86.7 83.9 84.7 2.93 0.864

Width of crypt, µm 70.8 66.5 65.8 65.4 2.17 0.317
Villus Crypt ratio 3.9 4.1 4.0 3.9 0.18 0.833

BW: Body Weight; WG: Weight Gain; FI: Feed Intake; FCR: Feed Conversion Ratio
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Bone mineralization in broiler chickens fed RAW sesame cake
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Abstract: Raw sesame cake is a coproduct obtained from pressing sesame 
seeds without prior roasting and presents a high content of crude pro-
tein (371.0 g/kg), gross energy (5796 kcal/kg), metabolizable energy for 
broilers (4342 kcal/kg), and ether extract (324.7 g/kg). However, it con-
tains significant levels of antinutritional factors such as calcium oxalate 
(1.04 mg/100 g), tannins (1.36 mg/100 g), and hemolytic saponins (243.77 
μg ES/mg), which may reduce nutrient absorption, particularly minerals 
such as calcium. Thus, the present study investigated the impact of using 
raw sesame cake in broiler diets on calcium and phosphorus deposition 
in the bone matrix. For the experiment, two hundred and forty one-day-
-old Ross 308 chicks, with an average body weight of 42 g ± 2 g, were 
randomly distributed into four treatments with five replicates of twelve 
birds each. The treatments consisted of a control diet composed of corn, 
soybean meal, and meat and bone meal, and three diets containing raw 
sesame cake at inclusion levels of 50, 100, and 150 g/kg. For bone densi-
tometry, Seedor index, and tibial mineral composition analyses, one bird 
per experimental unit was euthanized after prior stunning by the elec-
tronarcosis method with 42 days from age. After euthanasia, the right 
tibia of each bird was collected, dissected, and subjected to computed 
tomography. This was followed by measurements and weighing for the 
calculation of the Seedor index, as well as determination of calcium and 
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phosphorus concentrations and the Ca:P ratio. Data were statistically 
analyzed using ANOVA, followed by Dunnett’s test (P < 0.05) and linear 
and nonlinear regression analyses. The inclusion of raw sesame cake did 
not influence the relative tibia weight of the broilers (mean value: 0.73), 
nor the Seedor index (mean value: 36.32 mg/mm), which also showed no 
significant difference, as well as bone densitometry values (mean values 
for distal: 804.47; medial: 1170.03; proximal: 828.15). The results indica-
ted that raw sesame cake inclusion had no effect on bone mineralization. 
Despite these findings, increasing inclusion of raw sesame cake reduced 
calcium concentration and the Ca:P ratio in the tibia (linear effect), while 
phosphorus showed a quadratic response (peak at 57.83 g/kg). However, 
these values did not negatively affect boné densitometry. Based on these 
results, it can be concluded that raw sesame cake can be included up to 
150 g/kg in broiler diets without impairing bone density.

Keywords: Coproduct; Minerals; Poultry; Sesamum indicum; Tibia
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Table 1. Average values of calcium and phosphorus, relative weight, Seedor index,  
and bone densitometry in different regions of the tíbia of broilers fed increasing  

levels of sesame cake

Tibia
Inclusion Levels g/kg

Mean SEM p-value Regression
0 50 100 150

Relativa weight of 
the tibia

0.731 ± 
0.024

0.775 ± 
0.014

0.697 ± 
0.068

0.730 ± 
0.027

0.733 0.0191 0.5857 NS

Seedor index (mg/
mm)

37.15 ± 
0.96

36.40 ± 
1.11

38.04 ± 
1.26

33.69 ± 
1.25

36.32 0.6469 0.0836 NS

Calcium (g/100g)
34.22 ± 

1.36
26.82 ± 
1.28*

27.25 ± 
1.55*

21.63 ± 
0.89*

27.48 1.1857 <0.0001 Linear

Phosphorus (g/100g)
11.67 ± 

0.55
11.56 ± 

0.58
13.08 ± 

0.73
10.32 ± 

0.42
11.657 0.3482 0.0320 Quadratic

Ca:P ratio
2.567 ± 
0.117

2.187 ± 
0.085*

2.084 ± 
0.015*

2.097 ± 
0.011*

2.234 0.0562 0.0007 Linear

Bone Densiometry

Distal
732.7 ± 

39.8
834.6 ± 

28.9
882.8 ± 

58.0
767.8 ± 

54.1
804.47 25.2211 0.1440 NS

Medial 1180 ± 21 1201 ± 35 1170 ± 44 1129 ± 44 1170.03 18.0388 0.5810 NS

Proximal
814.5 ± 

30.3
842.2 ± 

25.0
797.9 ± 

27.5
858.0 ± 

11.0
828.15 12.4975 0.3393 NS

*Statistical difference (Dunnett test)
Linear Effect: (Calcium: y = -0.0747x + 33.081; R2 = 0.8699); (Ca:P Ratio: y = -0.003x + 2.4607; R2 = 0.7415)
Quadratic Effect (Phosphorus: y = -0.0003x2 + 0.0347x + 11.375; R2 = 0.5431; Maximum Point: 57.83 g/kg)
SEM: Standard Error of the Mean. NS: Not Significant
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Abstract: The pre-starter period (1 to 7 days of age) in broiler chickens 
is critical, as it directly affects performance throughout the production 
cycle and requires high levels of protein and energy. During this phase, 
the gastrointestinal tract is still immature, which limits nutrient diges-
tion and absorption, particularly of lipids, and increases the sensitivity 
of chicks to antinutritional factors present in soybean meal (SBM). In 
this context, the use of alternative ingredients, such as corn gluten meal 
high-protein (CGM), which has high digestibility and crude protein and 
metabolizable energy content, may contribute to supporting the early de-
velopment of chicks. Therefore, this study aimed to evaluate the effect 
of including corn gluten meal (CGM) at different inclusion levels in the 
pre-starter diets on performance, relative organ weight and blood para-
meters of broiler. A total of 1680 one-day-old male Cobb 500 chicks were 
used and distributed in a randomized block design, with four treatments: 
corn and soybean meal (CS); CS + 2.5% CGM; CS + 5.0% CGM, CS + 
7.5% CGM, with 10 replicates of 42 birds each. The diets were formulated 
meeting the recommended nutritional requirements with equal levels of 
digestible lysine, methionine and threonine. At 7 days of age, performan-
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ce parameters were measured, including average body weight (ABW), 
feed intake (FI), weight gain (WG) and feed conversion ratio (FCR). Two 
birds per replicate were euthanized for blood collection from the jugular 
vein to define serum levels of glucose (GLU), lactate (LAC), LDL, VLDL, 
HDL, cholesterol (CHOL), triglycerides (TG), globulin (GLOB), albumin 
(ALB) and total protein (TP). Organs were also collected to determine 
the relative weight of the gizzard (GIZ), liver (LIV), small intestine (SI), 
large intestine (LI) and small intestine length (SIL). Data were subject to 
ANOVA using the PROC MIXED procedure (SAS, 9.4) at a significance 
level of 5% (a=0.05) and orthogonal polynomials. Regarding productive 
performance, only FCR differed among treatments (p=0.010), showing 
a quadratic response (y=-42.48x²+446.84x+52.095). No significant treat-
ment effects were observed for serum blood parameters or relative organ 
weights (p>0.05). In conclusion, the inclusion of CGM in pre-starter diets 
did not affect physiological or health related parameters, but negatively 
impacted FCR. Further studies are needed to evaluate alternative ingre-
dients and strategies to support early broiler development.

Keywords: alternative ingredients; biochemical indicators; digestive physiology; 
performance; serum

Table1. Performance parameters in the pre-starter phase (1 to 7 days)

Variable
Treatments

SEM p-value L Q² C²
CS

CS+2,5% 
GCM

CS+5,0% 
GCM

CS+7,5% 
GCM

ABW, g 173.4 172.6 170.4 172.8 1.17 0.323 0.472 0.193 0.258

WG, g 133.0 132.0 129.8 132.0 1.47 0.326 0.350 0.205 0.319

FI, g 132.4 139.4 141.7 140.4 2.64 0.079 0.033 0.127 0.930

FCR, g:g 0.995b 1.057a 1.071a 1.065a 0.02 0.010 0.005 0.049 0.738

BW: Body Weight; WG: Weight Gain; FI: Feed Intake; FCR: Feed Conversion Ratio; SEM: Standard Error of Mean; 
p-value: Mean values within a row with no common superscript letter (a, b) differ significantly at 0.05 level; L: Linear 
effect; Q2: Quadratic effect; C3: Cubic effect
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Table 2. Blood parameters in the pre-starter phase (1 to 7 days)

Variable 
(mg/dL)

Treatments
SEM p-value L Q² C²

CS
CS+2,5% 

GCM
CS+5,0% 

GCM
CS+7,5% 

GCM

LAC 60.5 53.3 68.3 49.3 7.89 0.318 0.587 0.442 0.107

GLU 309.0 330.0 392.2 374.5 33.58 0.246 0.080 0.550 0.404

LDL 18.8 17.2 10.3 15.1 3.75 0.362 0.262 0.364 0.290

VLDL 22.3 16.1 29.0 18.0 3.92 0.078 0.998 0.513 0.012

HDL 87.8 82.3 96.6 80.9 7.65 0.468 0.853 0.509 0.155

CHOL 128.9 115.5 135.9 114.0 11.46 0.442 0.626 0.703 0.133

TG 111.5 80.4 145.0 89.9 19.61 0.078 0.998 0.513 0.012

GLOB 1.57 1.37 1.46 1.43 0.10 0.471 0.402 0.376 0.311

ALB 1.62 1.46 1.44 1.37 0.11 0.412 0.118 0.676 0.659

TP 3.19 2.83 2.91 2.79 0.21 0.464 0.207 0.522 0.465

LAC: Lactate; GLU: Glucose; LDL: LDL; VLDL: VLDL; HDL: HDL; CHOL: Cholesterol; TG: Triglycerides; GLOB: 
Globulin; ALB: Albumin; TP: Total Protein; SEM: Standard Error of Mean; p-value: Mean values within a row with no 
common superscript letter (a, b) differ significantly at 0.05 level; L: Linear effect; Q2: Quadratic effect; C3: Cubic effect

Table3. Relative organ weight parameters in the pre-starter phase (1 to 7 days)

Variable
Treatments

SEM p-value L Q² C³
CS

CS+2,5% 
GCM

CS+5,0% 
GCM

CS+7,5% 
GCM

GIZ, % 4.28 4.22 4.27 4.40 0.08 0.516 0.282 0.297 0.919

LIV, % 3.94 4.05 4.08 4.06 0.15 0.674 0.320 0.479 0.904

SI, % 11.84 11.21 11.65 11.42 0.29 0.381 0.502 0.457 0.153

LI, % 1.67 1.51 1.49 1.28 0.15 0.116 0.017 0.883 0.847

SIL, cm 105.3 107.7 104.1 108.7 2.53 0.524 0.503 0.678 0.208

GIZ: Gizzard; LIV: Liver; SI: Small Intestine; LI: Large Intestine; SIL: Small Intestine Length; SEM: Standard Error of 
Mean; p-value: Mean values within a row with no common superscript letter (a, b) differ significantly at 0.05 level; L: 
Linear effect; Q2: Quadratic effect; C3: Cubic effect
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Abstract: This study aimed to evaluate the partial or total replacement of 
sulfate sources with copper, manganese, and zinc glycinates in the diet 
of Japanese quail breeders, focusing on their effects on incubation para-
meters, A total of 360 breeder females were assigned to three treatments: 
a control with inorganic minerals (CON), partial replacement (Gly-50), 
and total replacement with glycinates (Gly-100), the latter characterized 
not only by complete substitution of inorganic sources but also by a re-
duced total trace mineral supply. Glycinate supplementation increased 
hatchability (P<0.05), reaching 76.15% in Gly-50 and 74.23% in Gly-100, 
compared to 64.99% in the control. Similarly, embryonic mortality was 
reduced (P<0.05), with lower values observed in Gly-50 (3.95%) and 
Gly-100 (5.20%) compared to CON (15.10%). Chick weight at hatch was 
also higher (P<0.05) in Gly-100 (8.38 g) and Gly-50 (8.30 g) compared to 
the control (7.96 g). Fertility was not affected by treatments (P>0.05). In 
conclusion, replacing sulfate minerals with Cu, Mn, and Zn glycinates 
improves incubation performance, reduces embryonic mortality, and 
enhances early chick development, representing an effective nutritional 
strategy for Japanese quail breeders.
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Table 1. Hatchability fertility, mortality and average hatch weight of Japanese  
quail breeders supplemented with inorganic minerals and glycinates

Variables CON Gly-50 Gly-100 SEM p-value
Hatchability (%) 64.99b 76.15a 74.23a 0.0701 0.0001

Fertility (%) 80.09 80.10 79.43 0.6021 0.3651
Mortality (%) 15.10a 3.95b 5.20b 0.0653 0.0001

AHW (g) 7.96b 8.30a 8.38a 0.2720 0.0066

Means followed by different letters within a row are significantly different according to Tukey’s test at the 5% probabi-
lity level. CON: sulfates of Cu, Mn, and Zn; Gly-50: half of the sulfate levels from CON plus glycinate supplementation 
of Cu, Mn, and Zn on top; Gly-100: no sulfates and inclusion of glycinates of Cu, Mn, and Zn on top; AHW (g): average 
hatch weight of the offspring in grams; SEM: standard error of the mean
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The trajectory to dysbiosis begins before  
challenge exposure in broilers
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Abstract: Broilers exposed to the same enteric challenge may show dis-
tinct responses, indicating that early gut microbiota may contain predic-
tive information on host susceptibility before overt intestinal dysfunc-
tion develops. This study aimed to determine whether pre-challenge gut 
microbiota could predict broiler susceptibility to enteric challenge and 
whether the resulting classification was biologically supported by dys-
biosis progression after infection. A total of 1,890 birds were challenged 
at 4 days of age by oral gavage (0.6 mL/bird) with an attenuated multi-
valent Eimeria vaccine containing E. acervulina, E. maxima, E. praecox, 
E. tenella, and E. mitis at 20 times the recommended dose. To intensify 
the challenge without high mortality, birds were also reared at high stoc-
king density (15 birds/m²) and fed wheat bran. Intestinal microbiota was 
sampled from 30 birds at 3 days of age, before infection, and the same 
30 birds were resampled at 12 days post-infection (dpi). Pre-challenge 
genus-level microbiota data, after rare taxa removal, zero replacement, 
and centered log-ratio transformation, were used as predictors in an Elas-
tic Net model to estimate an integrated susceptibility score derived from 
body weight gain, feed conversion ratio, lesion score, FITC-d, and oocyst 
shedding. Predicted scores were stratified into low, medium, and high 
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susceptibility classes. sPLS-DA was used to identify microbial signatures 
associated with these classes. Microbial imbalance was assessed before 
and after infection through a dysbiosis index ranging from 0 to 1, where 
higher values indicate dysbiosis severity. The challenge reduced body 
weight by approximately 25% from 1 to 21 days relative to breed stan-
dards, confirming model robustness without severe mortality. Predicted 
susceptibility classes showed a biologically ordered pattern according to 
dysbiosis intensity and health-related outcomes. Highly susceptible birds 
showed higher dysbiosis index values before challenge than low-suscep-
tibility birds (0.69 vs. 0.43), and this difference became more pronounced 
at 12 dpi (0.97 vs. 0.59), indicating severe and moderate dysbiosis, res-
pectively. Both Elastic Net and sPLS-DA consistently associated higher 
susceptibility with Escherichia-Shigella and Enterococcus, and lower 
susceptibility with Lactobacillus, Faecalibacterium, and other short-chain 
fatty acid-producing taxa. These findings demonstrate that early intesti-
nal microbiota can stratify broilers according to susceptibility to Eimeria 
challenge, while dysbiosis index values provide biological support for 
the model output.

Keywords: enteric health; risk stratification; microbial signatures; predictive mode-
ling
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Abstract: Diets rich in non-starch polysaccharides (NSPs) increase visco-
sity, reduce nutriente digestibility, and increase intestinal inflammation. 
Additives such sodium butyrate and Bacillus subtilis can mitigate these 
effects, as they promote intestinal mucosal integrity, modulate the mi-
crobiota, and improve nutriente digestive efficiency. This study evalua-
ted the effect of these aditives in the diet of broiler from 1 to 21 days of 
age, as well as intestinal morphometry at 21 days, under NSP challege. 
A randomized block design was used, with four treatments and seven 
replicates of 40 birds each. The treatments consisted of a reference diet 
based on corn and soybean meal (CSB), a diet high in NSPs with 30% rice 
bran (NSPs), NSPs + 250 ppm of butyrate (90% sodium butyrate – BUT), 
and NSPs + 300 ppm of Bacillus subtilis (1x1010 CFU/g – BS). The CSB 
and NSPs diets were isonutritional. The aditives were added on top of 
the diets. Average body weight (BW), weight gain (WG), and feed con-
version ratio (FCR) were calculated for the overall period. At 21 days, one 
broiler with average body weight per replicate was euthanized for the 
collection of duodenum, jejunum, and ileum segments for morphometric 
analyses. The analyses included measurements of villus height (VH) and 
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width (VW) crypt depth (CD), and the villus:crypt ratio (V:C). The data 
were subjected to analysis of variance (ANOVA) using the PROC GLM 
procedure of SAS 9.2, with means compared by Tukey’s test (p<0.05). 
There was no effect on BW (p=0.660) or WG (p=0.496). However, higher 
feed intake was observed in broiler (p=0.01) receiving CSB, which resul-
ted in poorer FCR (p=0.01) for CSB (1.69) compared to the others (NSPs 
– 1.43; BUT – 1.38; e BS – 1.42). The duodenum and ileum showed no 
diferences in the evaluated morphometric parameters (p>0.05). In the je-
junum, greater VH (p=0.002) was observed for broiler in the CSB (712μm) 
and BUT (752μm) groups compared to those in the NSPs treatment (609 
μm), with intermediate values for BS (668μm), which was reflected in the 
V:C ratio (p=0.020). The NSP challenge, contrary to expectations, impro-
ved feed conversion ration, regardless of aditive suplementation. Howe-
ver, the reduction in villus size and the villus:crypt ratio indicates greater 
intestinal damage. Supplementation with sodium butyrate and Bacil-
lus subtilis was able to mitigate the deleterious effects of the non-starch 
polysaccharide challenge on intestinal health. These effects are related to 
morphological changes and suggest greater sensitivity of the jejunum to 
nutritional interventions.

Keywords: bacillus; butirate; gut inflamattion; organic acids; probiotics
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Table 1. Effect of treatments on the performance and intestinal morphometry of broiler

Item
Treatments

SEM p-value
CSB NSPs BUT BS

Performance
BW, g 858.0 871.2 862.0 869.8 8.53 0.660
WG, g 816.5 831.4 819.9 830.2 8.19 0.496
FI, g 1385.3a 1191.2b 1137.7b 1180.4b 27.12 <0001

FCR, g:g 1.699a 1.433b 1.387b 1.422b 0.04 <0001
Intestinal morphometry

Duodeno
Villus heigth, µm 1322.2 1449.8 1387.1 1392.5 73.76 0.692
Width of villi, µm 149.5 160.3 155.8 152.2 7.65 0.729
Crypt depth, µm 96.7 115.7 125.1 125 9.51 0.170
Villus:Crypt ratio 11.8 11.6 11.67 9.8 0.75 0.274

Jejunum
Villus heigth, µm 711.8a 609.2b 752.0a 667.8ab 22.29 0.002
Width of villi, µm 101.7 97.5 96.1 88.9 3.41 0.087
Crypt depth, µm 46.5 58.5 63.0 64.4 5.30 0.081
Villus:Crypt ratio 16.67a 11.2b 12.8ab 10.8b 1.35 0.02

Ileum
Villus heigth, µm 611.4 605.6 584.5 605.2 14.27 0.617
Width of villi, µm 125.9 126.8 136.9 151.7 7.26 0.131
Crypt depth, µm 110.2 116.9 120.2 99.0 6.52 0.154
Villus:Crypt ratio 5.7 5.7 5.0 6.4 0.43 0.238

Mean values within a row with no common superscript letter (a, b) differ by Tykey test (p<0.05); CSB: corn and 
soybean meal reference diet; NSPs: diet with addes non-starch polysaccharides; BUT: NSPs + 250 ppm butyrate so-
dium; BS: NSPs + 300 ppm Bacillus subtillis 1x1010 CFU/g; SEM: Standard Error of the Mean; BW – body weight; WG 
– weight gain; FI – feed intake; FCR – feed conversion ratio
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Abstract: The objective was to estimate the requirements of digestib-
le threonine (Thr) for Japanese quails from 10 to 36 days of age and to 
compare the effect of the diet formulation techniques of gradual supple-
mentation and dilution. The experimente was conducted at the Poultry 
Laboratory of CCHSA, Campus III of UFPB. 588 Japanese quail females 
(Coturnix coturnix japonica) were used at 10 days of age, with an initial 
weight of 34.4 + 2 g, distributed in a complete randomized design in a 
7x2 factorial arrangement (7 levels of Threonine X 2 formulation tech-
niques) , totaling 14 treatments with 6 repetitions of 7 birds each. The 
diets were based on the gradual amino acid supplementation technique 
and on the diet dilution technique, to reach the following digestible Thr 
levels: 0.550%; 0.670%; 0.790%; 0.970%; 1.030%, 1.150%; 1,270%. The re-
quirements of the other amino acids were met according to Silva and 
Costa (2009). The growth performance characteristics evaluated were: fi-
nal weight (g), weight gain (g), feed intake (g) and feed conversion (g / 
g). The data were subjected to analysis of variance considering the level 
of 5% probability. The requirements for threonine were determined by 
the polynomial regression of the results of feed conversion: Yi = ß0 + ß1 
* Trei + ß2 * Trei2 + ei. There was an interaction (P < 0.05) between for-



A NA I S  DA  3 6 ª  R E U N I ÃO  A N UA L  D O  C B NA  –  AVES

– 41  –

mulation techniques and threonine levels. Feed consumption and final 
weight were higher (P<0.05) for quails fed the diets formulated by the 
supplementation technique, compared to the dilution technique. These 
results reflected greater weight gain and better feed conversion of birds 
(P<0.05). A quadratic effect (P <0.05) was observed for the variables of 
final weight, weight gain, and feed conversion in both techniques, with 
an estimated level of 0.867%, with the supplementation technique and 
0.938% with the technique dilution. There was an interaction effect for 
the absolute weight of the feathers, carcass, chest and protein depositions 
in the feathers and in the whole body of the birds. The lower Thr levels 
of the dilution technique impaired the warping of the birds, the weight 
of the breast and the depositions of protein in the feather and the whole 
body. The diets formulated based on the amino acid supplementation 
technique were better for estimating the digestible Thr requirement, for 
quails from 10 to 34 days.

Keywords: Amino acids, productive performance, body protein
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Table 1. Performance of quails at 36 days of age, fed diets containing increasing levels of 
digestible threonine, formulated using two feed formulation techniques

Techniques Levels
Quail performance 10 to 36 days

FI (g/b) MI (g/b) FW (g) WG (g) FCR (g/g) FI (g/b)

Su
pp

le
m

en
ta

tio
n

0.55 354.062 1.947 34.402 135.638 101.237 3,500
0.67 349.509 2.342 34.630 137.187 102.557 3,406
0.79 355.984 2.812 34.372 143.297 108.925 3,269
0.91 345.157 3.141 34.655 137.672 103.017 3,353
1.03 336.101 3.462 34.758 134.207 99.448 3,382
1.15 347.966 4.002 34.243 133.632 99.388 3,503
1.27 344.949 4.381 34.153 132.783 98.630 3,499

347.68b 3.155b 136.345a 101.886a 3,416b

D
ilu

tio
n

0.55 324.920 1.787 34.270 109.272 75.002 4,334
0.67 360.046 2.412 34.728 128.567 93.838 3,847
0.79 370.384 2.926 34.252 132.633 98.382 3,769
0.91 366.818 3.338 34.535 132.892 98.357 3,733
1.03 375.950 3.872 34.268 130.79 96.522 3,897
1.15 367.356 4.225 34.697 128.892 94.195 3,900
1.27 383.865 4.875 34.437 127.74 93.303 4,117

364.19a 3.348a 127.255b 92.800b 3,942a

CV% 4.36 4.21 1.6 2.57 3.41 4.67
Regression Effect NS L NS Q Q Q
Techniques 0.0001 0.0001 0.975 0.0001 0.0001 0.0001
Levels 0.0064 0.0042 0.528 0.0001 0.0001 0.0001
Techniques* Levels 0.0001 0.0001 0.475 0.0001 0.0001 0.0265

FI: Feed Intake; MI: Metheonine Intake; FW: Final Weight; WG: Weight Gain; FCR: Feed Conversion Ratio; ab: Means 
followed by different letters in the column differ by the F test; NS: Non significant effect; L: Linear effect; Q: Quadratic 
effect; CV%: Coefficient of variation
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Abstract: Methionine is the first limiting amino acid (AA) in diets for Ja-
panese quail, requiring precise nutritional balancing to avoid deficiency 
or excess. Different diet formulation techniques can be used to determi-
ne nutritional requirements. Therefore, the objective of this study was to 
estimate the digestible methionine + cystine (Met+Cys) requirements for 
Japanese quail from 10 to 36 days of age using the graded supplemen-
tation and dilution diet formulation techniques. A total of 588 Japanese 
quail (Coturnix coturnix japonica), 10 days of age, were housed in galva-
nized wire cages in climatecontrolled masonry rooms and distributed in 
a completely randomized design with a 7 × 2 factorial arrangement (Me-
t+Cys levels × formulation techniques), totaling 14 treatments with six re-
plicates of seven birds each. The diets were formulated using graded AA 
supplementation and diet dilution techniques. For each technique, the 
digestible Met+Cys levels studied were 0.460%, 0.580%, 0.700%, 0.820%, 
0.940%, 1.060%, and 1.180%. The performance variables evaluated were: 
final body weight (FBW), weight gain (WG), feed intake (FI), and feed 
conversion ratio (FCR). At the end of the experiment, five fasted birds 
per treatment were euthanized to evaluate carcass weight, cuts, feathers, 
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and protein deposition in the carcass and feathers. The Met+Cys requi-
rements were determined by polynomial regression of FCR: Yi = ß0 + ß1 
× Meti + ß2 × Meti² + ei. The data were subjected to analysis of variance 
at a 5% probability level using SAS 9.1 software. There was an interac-
tion (p<0.05) between formulation techniques and Met+Cys levels for all 
variables studied. The FI and FBW were higher (p<0.001) in quail fed 
diets formulated using the graded supplementation technique compared 
with the dilution technique, which was associated with greater WG and 
better FCR of the birds. The quadratic effect (p<0.001) was observed for 
FBW, WG, and FCR in both techniques. For the absolute weights of fea-
thers, carcass, and breast, as well as protein deposition in feathers and 
in the whole body of the birds, the lower Met+Cys levels in the dilution 
technique impaired feathering, breast weight, and protein deposition in 
feathers and in the whole body (p<0.05). Digestible Met+Cys require-
ment levels were estimated at 0.86% using the graded supplementation 
technique and 0.95% using the dilution technique. Therefore, it can be 
concluded that diets formulated based on the AA graded supplementa-
tion technique are more suitable for estimating the digestible Met+Cys 
requirement for quail from 10 to 36 days of age.

Keywords: amino acids; performance, body protein



A NA I S  DA  3 6 ª  R E U N I ÃO  A N UA L  D O  C B NA  –  AVES

– 45  –

Table 1. Performance of quails at 36 days of age, fed diets containing increasing levels of 
digestible methionine + cystine, formulated using two feed formulation techniques

Techniques Levels FI (g/b) MI (g/b) FW (g) WG (g) FCR (g/g)

Su
pp

le
m

en
ta

tio
n 0.55 386.72 1.779 134.85 97.22 3.98

0.67 376.04 2.181 136.65 99.06 3.8
0.79 374.05 2.618 138.32 100.88 3.71
0.91 381.07 3.125 140.89 103.49 3.68
1.03 380.29 3.575 137.99 100.4 3.8
1.15 394.47 4.181 137.06 99.31 3.97
1.27 396.86 4.683 135.83 98.09 4.05

384.21a 3.163a 137.37a 99.78a 3.856b

D
ilu

tio
n

0.55 336.8 1.549 101.68 63.98 5.28
0.67 358.27 2.078 129.51 91.9 3.9
0.79 348.19 2.437 133.91 96.37 3.62
0.91 353.44 2.898 138.76 101.21 3.49
1.03 371.4 3.491 136.26 98.73 3.76
1.15 379.43 4.022 123.74 86.11 4.41
1.27 381.28 4.499 123.15 85.46 4.46

361.26b 2.996b 126.72b 89.11b 4.131a

CV% 2.95 2.03 2.3 3.33 4.93
Regression Effect NS L NS Q Q
Techniques 0.0001 0.0001 0.0001 0.0001 0.0001
Levels 0.0001 0.0330 0.0001 0.0001 0.0001
Techniques* Levels 0.0006 0.0001 0.0001 0.0001 0.0001

FI: Feed Intake; MI: Metheonine Intake; FW: Final Weight; WG: Weight Gain; FCR: Feed Conversion Ratio; ab: Means 
followed by different letters in the column differ by the F test; NS: Non significant effect; L: Linear effect; Q: Quadratic 
effect; CV%: Coefficient of variation

Figure 1. Graphical representation of the observed values and the fifted model for feed 
conversion of Japanese quails from 10 to 36 days of age, as a function of feed formulation 

techniques: TS = Supplementation technique; TD = Dilution technique
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Abstract: The grinding of pelleted feed can influence the amount of fines 
present in the diet and compromise the performance of broiler chickens 
during the first days of life, a critical phase for the birds’ initial develo-
pment. Thus, this study aimed to evaluate the effect of different propor-
tions of crushed pellets and fines, compared to a meal diet, and the in-
creasing level of fines in the crushed pelleted feed, on the performance of 
broiler chickens aged 1 to 15 days. A total of 1,200 male Ross AP95 chicks 
were used, distributed in a completely randomized design with six treat-
ments: five proportions of crushed and fine pellets (0%, 25%, 50%, 75%, 
and 100%) and a meal diet (control). Feed intake, average weight gain, 
and feed conversion were evaluated during the periods from 1 to 5, 6 
to 10, and 11 to 15 days. From 11 to 15 days, a linear increase in average 
weight gain and a linear improvement in feed conversion were observed 
with a reduction in the proportion of fines (P < 0.05). In addition, birds 
fed thermally processed diets performed better than the control group 
during this period (P < 0.05). It is concluded that reducing fines and in-
creasing the proportion of pellets favor the productive performance of 
broiler chickens in the early phase, especially from 10 days of age onward.

Keywords: Crushed pelleted feed; Fine particles; Regression
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Tabela 1. Efeito de diferentes proporções de peletes triturados e finos em relação a ração 
farelada no Consumo de Ração Médio (CRM), Ganho de Peso Médio (GPM) e na Conversão 

Alimentar (CA) de frangos de corte de 1 a 5 dias, 6 a 10 dias e 11 a 15 dias de idade

Tratamentos

EPM P-valor P-valor 
Linear1

P-valor 
QuadráticoFarelada 

(Controle)

0%
Tritu-
rado

25%
Tritu-
rado

50%
Tritu-
rado

75%
Tritu-
rado

100%
Tritu-
rado

1 a 5 dias

CRM (g) 91 99 95 94 95 94 0,88 0,11 0,141 0,362

GPM (g) 98 109* 112* 108 111* 110* 1,35 <0,05 0,950 0,910

CA (g/g) 0,927 0,881 0,856* 0,877* 0,864* 0,861* 0,006 <0,05 0,442 0,837

6 a 10 dias

CRM (g) 235 254 244 267* 251 246 2,63 <0,05 0,676 0,238

GPM (g) 149 155 154 159 157 158 1,27 0,298 0,409 0,809

CA (g/g) 1,575 1,643 1,591 1,681 1,596 1,569 0,017 0,364 0,313 0,456

11 a 15 dias

CRM (g) 356 365* 369* 370* 366* 378* 2,01 <0,05 0,134 0,456

GPM (g) 285 313 323 327 328 341* 3,31 <0,001 <0,05 0,914

CA (g/g) 1,238 1,168* 1,142* 1,130* 1,115* 1,111* 0,008 <0,001 <0,01 0,331

*Indica diferença em relação ao controle (P<0,05) pelo teste de Dunnett
1Equação linear GPM: Y = 314,3 + 0,2433 X
1Equação linear CA: Y = 1,162 – 0,000572 X
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Abstract: Soybean meal (SBM) is a widely used ingredient in poultry feed 
formulations due to its protein content and amino acid profile. Howe-
ver, the nutritional value of this ingredient is influenced by factors such 
as the processing conditions to which it has been subjected. Milling is 
one of the most important stages in feed manufacturing, as the particle 
size produced by this process can affect the digestibility and utilization 
of nutrients in the ingredient, directly impacting animal performance. 
Thus, the present study aimed to evaluate the effect of different particle 
sizes of soybean meal on protein and amino acid digestibility in broiler 
chickens aged 18 to 21 days. A total of 140 male broiler chickens of the 
Cobb® line were used, housed in metabolic cages and distributed in a 
completely randomized design, totaling 5 treatments (a protein-free diet 
and the remaining diets formulated with soybean meal at different par-
ticle sizes (649 μm; 824 μm; 937 μm, and 1234 μm)) with 7 replicates of 4 
birds each. An indigestible tracer was added to all diets to estimate ileal 
digestibility. Until 17 days of age, all birds received the same diet, and 
starting on the 18th day, they began receiving the experimental diets. On 
the 21st day, the birds were euthanized by cervical dislocation, evisce-
rated, and their intestines were separated to collect ileal contents, which 
were analyzed to determine ileal digestible energy (IDE), crude protein 
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(CP) digestibility, and amino acid digestibility. The obtained and calcula-
ted data were tested for normality using the Shapiro-Wilk test, and when 
normal and homogeneous, they were subjected to regression analysis, 
considering P < 0.05. The results indicated that different particle sizes 
of soybean meal did not affect IDE, but particle size linearly affected CP 
digestibility, and there was a quadratic effect of particle size on amino 
acid digestibility. These findings suggest that particle size impacts the di-
gestibility of soybean meal and amino acids, and in the present study, the 
best digestibility results were obtained when soybean meal had a particle 
size of 824 μm.

Keywords: Milling; Nutritional utilization; Particle size

Tabela 1. Energia Digestível Ileal (kcal) e digestibilidade ileal da proteína bruta e dos 
aminoácidos (%) em diferentes granulometrias do farelo de soja

Farelo de Soja Regressão

649µm 824µm 937µm 1234µm Linear Quadrático R2 EPM

EDI (kcal) 3298,8 3354,75 3290,71 3398,74 0,054 0,333 - -

Proteína Bruta1 (%) 91,53 93,15 90,27 90,8 0,028 0,281 0,069 0,295

Metionina2 (%) 92,95 94,8 93,72 90,98 0,012 0,001 0,358 0,36

Lisina3 (%) 92,91 93,8 92,05 90,36 <0,001 0,003 0,38 0,282

Treonina4 (%) 88,45 91,79 87,82 86,6 0,02 0,013 0,174 0,519

Valina5 (%) 89,8 92,52 90,39 87,27 0,004 0,001 0,378 0,452

Isoleucina6 (%) 91,08 93,61 91,71 89,32 0,01 <0,001 0,346 0,375

Arginina7 (%) 96,2 97,34 96,99 94,53 0,002 <0,001 0,77 0,248

Fonte: Elaborado pelo autor (2026) 
EDI = Energia Digestível Ileal
EPM = Erro Padrão da Média
1Ŷ = -0,0023X + 93,58
2Ŷ = -3E-05X2 + 0,0434X + 75,503
3Ŷ = -0,0052X + 97,044
4Ŷ = -2E-05X2 + 0,0347X + 75,353
5Ŷ = -3E-05X2 + 0,053X + 68,723
6Ŷ = -3E-05X2 + 0,0454X + 72,897
7Ŷ = -2E-05X2 + 0,0408X + 79,999
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                              Fonte: Elaborado pelo autor (2026)

Gráfico 1. Valores médios de digestibilidade ileal dos aminoácidos (%)  
em diferentes granulometrias do farelo de soja



A NA I S  DA  3 6 ª  R E U N I ÃO  A N UA L  D O  C B NA  –  AVES

– 51  –

Effect of particle size and feed processing on  
broiler chicken performance and yeld

Erick Cordeiro Custódio dos Santos1, Isabella de Camargo Dias1,  
Maria Letícia Bonadiman Mariani1, Guilherme Francisco Deda1, 

Brenda Carolina Pereira dos Santos1, Leopoldo Malcorra de Almeida2, 
Alex Maiorka1

1Departamento de Zootecnia, Universidade Federal do Paraná, Curitiba, PR, Brasil
Contact: erick.cordeirozoo@gmail.com / Presenter: Erick Cordeiro Custódio dos Santos

Abstract: ABSTRACTPelleted diets are widely used in the poultry indus-
try due to ther known benefits on animal performance. However while 
fine grinding improves pellet durability, coarser particles are necessary 
to stmiulate gizzard function and maximize nutrient digestibility. Un-
derstanding the interaction between feed particle size and processing is 
fundamental to optimizing broiler performance. Therefore, the objecti-
ve of this study was to evaluate the effect of geometric mean diameter 
(GMD) and feed processing on the live performance and carcass yield 
of broilers from 18 to 42 days of age. A total of 1,200 male Ross AP95 
broilers were assigned to a completely randomized design in a 3 × 2 fac-
torial arrangement, comprising three GMDs (800, 1,000, and 1,200 μm) 
and two feed processing methods (pelleted and post-pellet liquid appli-
cation of fat [PPLA]). In total, six treatments were evaluated, with eight 
replicates of 25 birds each. Body weight gain (BWG), feed intake (FI), 
feed conversion ratio (FCR), and carcass and cuts yield were measured 
at 42 days of age. There was no interaction or main effect of GMD and 
feed processing (P>0.05) on FI, BWG, or carcass and cuts yield. However, 
a significant interaction (P<0.05) between factors was observed for FCR. 
Birds fed the pelleted diet with a GMD of 800 μm exhibited a poorer FCR 
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compared to those fed pelleted diets with larger GMDs (1,000 and 1,200 
μm). Birds consuming PPLA diets showed a similar FCR regardless of 
particle size. In conclusion, feed processing and GMD influence live per-
formance, where smaller GMDs in conventionally pelleted diets lead to 
a poorer FCR. Carcass and cuts yield were not affected by particle size or 
feed processing method.

Keywords: Feed conversion ratio; Geometric mean diameter; Pelleting; PPLA; Car-
cass yield

Tabela 1. Efeito do DGM (800, 1.000 e 1.200 µm) e do processamento da ração (peletizada e 
aplicação de óleo pós-peletização) sobre o desempenho de frango de corte

DGM, µm Processamento da ração CR, g GP, g CA, g/g
Interação

800 3862 2635 1.46b
1,000 Pelete 3780 2644 1.430ª
1,200 3812 2669 1.429a
800 3804 2660 1.430a

1,000 PPLA 3833 2668 1.43ab
1,200 3756 2656 1.415a
EPM 11.7 8.4 0.004
800 3833 2647 1.448

1,000 3806 2656 1.433
1,200 3784 2662 1.422

Pellet 3818 2649 1.441
PPLA 3798 2661 1.427

p-Valor
DGM 0.215 0.784 0.003

Processamento da ração 0.372 0.480 0.019
DGM *Processamento da ração 0.079 0.592 0.016

EPM: Erro Padrão da Média; DGM: Diâmetro Geométrico Médio; PPLA: Aplicação de óleo pós-peletização; a-b: Média 
seguida de letras distintas na mesma coluna diferem significativamente a P<0,05 (teste de Tukey)
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Tabela 2. Efeito do DGM (800, 1.000 e 1.200 µm) e do processamento da ração 
(peletizada e PPLA) sobre o rendimento de carcaça e cortes de frango de corte

DGM, µm Processamento 
da ração Rendimento, %

Carcaça Peito Coxa/
Sobrecoxa Asa

Interaction
800 77 31 22 7.5

1,000 Pellet 78 32 23 7.4
1,200 77 32 22 7.3
800 78 32 22 7.4

1,000 PPLA 78 32 22 7.4
1,200 78 32 23 7.3
EPM 0.19 0.22 0.14 0.05
800 77 31 22 7.4

1,000 78 32 22 7.4
1,200 78 32 22 7.3

Pellet 77 31 22 7.4
PPLA 78 32 22 7.3

p-Value
DGM 0.260 0.318 0.825 0.453

Processamento da ração 0.120 0.293 0.954 0.493
DGM *Processamento da ração 0.683 0.375 0.547 0.793

EPM: Erro Padrão da Média; DGM: Diâmetro Geométrico Médio; PPLA: Aplicação de óleo pós-peletização
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Copper nanoparticles as a performance  
enhancer in broiler diets
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Abstract: The global restriction on antibiotic growth promoters has 
prompted the search for alternative additives in poultry production. 
While copper (Cu) effectively modulates the microbiota due to its antimi-
crobial action, conventional inorganic sources require supra-nutritional 
doses (150–250 mg/kg) to be effective, raising environmental concerns 
regarding soil accumulation and nutrient antagonism. In this scenario, 
copper nanoparticles (CuNP) emerge as a promising strategy. This study 
aimed to evaluate the effects of dietary copper (copper oxide nanoparti-
cles, CuONP) on the cecal microbiota of broilers challenged with Eimeria 
spp. The trial (CEUA nº 9365230524) used 336 Cobb 500 broilers (1–21 
days old) in a randomized block design with 6 treatments: NC (no chal-
lenge/additive); CC (challenged/no additive); PC (challenged + 200 mg/
kg of CuSO4); and NP25, NP50, and NP100 (challenged + 25, 50, or 100 
mg/kg of CuONP), with 8 replicates of 7 birds each. Diets met nutritional 
requirements, with additives included on top. The challenge was induced 
on day 1 via the oral route (10x commercial dose of coccidiosis vaccine). 
At 21 days of age, 8 birds/treatment were euthanized for cecal contente 
collection. Microbiota characterization (CC, CuS200, and CuNP50) was 
performed via DNA extraction and sequencing of the V3-V4 16S rRNA 
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region (NGS), with taxonomy assigned via DADA2 and SILVA databa-
se. Alpha and beta diversity and differential abundance were analyzed 
using Type III ANOVA, Tukey’s test, PERMANOVA (adonis2), BETA-
DISPER, and MaAsLin3. Supplementation with CuNP50 and CuS200 did 
not affect alpha diversity, maintaining species richness (ASVs; p=0.69) 
and the Shannon index (p=0.35), similar to the CC group. Beta diversity 
revealed no significant distinctions between treatments in Bray-Curtis 
and Weighted UniFrac metrics (p>0.05). Additionally, MaAsLin3 detec-
ted no ASVs with significant variations between the CC and supplemen-
ted groups regardless of the copper source (FDR-BH q > 0.10). Results in-
dicate that copper inclusion, regardless of the source, neither modulated 
the cecal community structure nor reversed the profile established by the 
challenge. In conclusion, the pressure exerted by Eimeria spp. infection 
on the intestinal ecosystem overshadowed the effect of the mineral ad-
ditives at the evaluated dosages, dictating the microbial dynamics at 21 
days of age.

Keywords: Poultry; Microbiota; Coccidiosis; Gut health; Alternative additives
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Resumo: The global restriction on antibiotic growth promoters has prompted the search for alternative additives in poultry
production. While copper (Cu) effectively modulates the microbiota due to its antimicrobial action, conventional inorganic
sources require supra-nutritional doses (150–250 mg/kg) to be effective, raising environmental concerns regarding soil
accumulation and nutrient antagonism. In this scenario, copper nanoparticles (CuNP) emerge as a promising strategy. This
study aimed to evaluate the effects of dietary copper (copper oxide nanoparticles, CuONP) on the cecal microbiota of broilers
challenged with Eimeria spp. The trial (CEUA nº 9365230524) used 336 Cobb 500 broilers (1–21 days old) in a randomized
block design with 6 treatments: NC (no challenge/additive); CC (challenged/no additive); PC (challenged + 200 mg/kg of
CuSO4); and NP25, NP50, and NP100 (challenged + 25, 50, or 100 mg/kg of CuONP), with 8 replicates of 7 birds each.
Diets met nutritional requirements, with additives included on top. The challenge was induced on day 1 via the oral route
(10x commercial dose of coccidiosis vaccine). At 21 days of age, 8 birds/treatment were euthanized for cecal content
collection. Microbiota characterization (CC, CuS200, and CuNP50) was performed via DNA extraction and sequencing of the
V3-V4 16S rRNA region (NGS), with taxonomy assigned via DADA2 and SILVA database. Alpha and beta diversity and
differential abundance were analyzed using Type III ANOVA, Tukey's test, PERMANOVA (adonis2), BETADISPER, and
MaAsLin3. Supplementation with CuNP50 and CuS200 did not affect alpha diversity, maintaining species richness (ASVs; p
=0.69) and the Shannon index (p=0.35), similar to the CC group. Beta diversity revealed no significant distinctions between
treatments in Bray-Curtis and Weighted UniFrac metrics (p>0.05). Additionally, MaAsLin3 detected no ASVs with
significant variations between the CC and supplemented groups regardless of the copper source (FDR-BH q > 0.10). Results
indicate that copper inclusion, regardless of the source, neither modulated the cecal community structure nor reversed the
profile established by the challenge. In conclusion, the pressure exerted by Eimeria spp. infection on the intestinal ecosystem
overshadowed the effect of the mineral additives at the evaluated dosages, dictating the microbial dynamics at 21 days of age.
PalavrasChaves: Poultry; Microbiota; Coccidiosis; Gut health; Alternative additives.

Figure 1 and Figure 2. Principal Coordinates Analysis (PCoA) of cecal  
microbiota based on Bray-Curtis and Weighted UniFrac distances in broiler  
chickens at 21 days old. Each point represents a single sample, colored by  

treatment group. 95% confidence ellipses are shown for each group
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Determination of the energy value of wheat and triticale 
“in vivo” in broiler chickens compared to those estimated by 

prediction equations
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Abstract: The objective was to determine the energy values and nutrient 
utilization of wheat and triticale in Ross® 308 AP male broiler chickens, 
comparing in vivo obtained values with estimates from prediction equa-
tions in the literature. Physical analyses (granulometry and density) and 
analyses of dry matter (DM), crude protein (CP), ether extract (EE), crude 
fiber (CF), mineral matter (MM), nitrogen-free extract (NFE), and gross 
energy (GE) of wheat and triticale were carried out. The evaluated pre-
diction equations were: equation 1 = (34.92 x CP) + (63.1 x EE) + (36.42 
x NFE), and equation 2 = (4.31 x digestible CP) + (9.29 x digestible EE) 
+ (4.14 x digestible NFE). The comparison of the AMEn values determi-
ned by the estimates was performed using ANOVA (P<0.05). Metabo-
lism was studied in a completely randomized design and the treatments 
consisted of a reference diet (RD) and two test diets (30% replacement of 
the RD with wheat and triticale). The metabolization coefficients of dry 
matter (MCDM), crude protein (MCCP), ether extract (MCEE), nitrogen-
-free extract (MCNFE), and gross energy (MCGE), as well as the appa-
rent metabolizable energy (AME) and nitrogen-corrected metabolizable 
energy (AMEn) values for broiler chickens, were determined using the 
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partial excreta collection method (Celite™ indicator) at 1%. The chemi-
cal composition of wheat and triticale was respectively: DM 88.20% and 
88.11%, CP 14.80% and 15.89%, EE 1.42% and 1.53%, CF 2.82% and 2.23%, 
MM 3.19% and 3.97%, NFE 77.77% and 76.38%, GE 3973 kcal/kg and 
3997 kcal/kg. The particle size and density analysis of the co-products 
were 451.65 μm and 797.8 kg/m³ (Wheat) and 468.69 μm and 853.3 kg/
m³ (Triticale). The MCDM, MCCP, MCEE, MCNFE, and MCGE, as well 
as AME and AMEn values, were respectively for Wheat: 91.02%, 86.60%, 
77.09%, 65.58%, 70.81%, 3615 kcal/kg, and 3377 kcal/kg; for Triticale: 
81.85%, 88.60%, 77.70%, 56.82%, 76.17%, 3525 kcal/kg, and 3336 kcal/kg. 
In evaluating the prediction equations, it was found that the determined 
AMEn value for Wheat (3615 kcal/kg) was significantly higher than the 
estimate of 2905 kcal/kg (Equation 2) and not statistically different from 
Equation 1 which was 3480 kcal/kg. It can be concluded that for Triticale, 
the AMEn value determined in the present experiment (3336 kcal/kg) 
was close to the estimate from Equation 1 (3426 kcal/kg); however, for 
both, Equation 2 was not suitable for estimating the AMEn of these feeds-
tuffs under the experimental conditions.

Keywords: Metabolizability; Nutritional composition; Poultry; Winter cereals

Table 1. Metabolization coefficients of DM, CP, EE, NNE, GE and the digestibles 
nutrients and determined values of AME and AMEn of Wheat and Triticale

Variable
Ingredients

Wheat Triticale
MCDM 91.02 ± 0.46 81.85 ± 1.28
MCCP 89.60 ± 0.44 88.60 ± 9.87

DP 13.26 ± 1.27 14.08 ± 1.59
MCEE 77.09 ± 3.72 77.70 ± 4.98
DEE 1.09 ± 0.08 1.19 ± 0.06

MCNNE 68.58 ± 5.70 56.82 ± 7.56
DNNE 53.33 ± 4.49 43.40 ± 5.92
MCGE 70.81 ± 1.22 76.17 ± 2.25
AME 3615 ± 20.06 3525 ± 37.33

AMEn 3377 ± 20.80 3336 ± 32.91
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Abstract: The objective was to determine the energy values and nu-
trient utilisation of the high-protein dried distillers grains (HP-DDG) 
and dried distillers grains with solubles (DDGS) Ross® 308 AP male 
broiler chickens, comparing in vivo obtained values with estimates 
from prediction equations for literature. Physical analyses (granulo-
metry and density) and analyses of dry matter (DM), crude protein 
(CP), ether extract (EE), crude fiber (CF), mineral matter (MM), nitro-
gen-free extract (NFE), and gross energy (GE) of HP-DDG and DDGS 
were carried out. The estimates prediction equations were: equation 
1 = (39.15xDM) – (39.15*MM) – (9.72xCP) – (63.81 x EE), and equa-
tion 2 = (4.31 x Digestible Protein) + (9.29 x digestible EE) + (4.14 x 
digestible NFE). The comparison of the AMEn values determined 
by the estimates were performed using were statistically analyzed 
using ANOVA (P<0.05). Metabolism was studied in a completely 
randomized design and the treatments consisted of a reference diet 
(RD) and two test diets (30% replacement of the RD with HP-DDG 
and DDGS). The metabolization coefficients of dry matter (MCDM), 
nitrogen (MCN), crude protein (MCCP), ether extract (MCEE), non-
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nitrogenated extractive (MCNNE) and gross energy (MCGE), as well 
as the apparent metabolizable energy (AME) and nitrogen-correc-
ted metabolizable energy (AMEn) values for broiler chickens were 
determined using the partial excreta collection method (Celite™ 
indicator) at 1%. The chemical composition of HP-DDG and DDGS 
was respectively: DM 92.02% and 88.07%, CP 47.89% and 36.51%, 
EE 8.20% and 6.80%, FB 9.50% and 10.07%, MM 2.71% and 5.62%, 
NNE 31.7% and 41.00%, EB 5209 kcal/kg and 4524 kcal/kg. The 
particle size and density analysis of the co-products were 437.3 μm 
and 0.67 g/L (HP-DDG) and 471.9 μm and 0.62 g/L (DDGS). The 
DMMC, MCN, MCCP, MCEE, MCNNE and MCGE, as well as AME 
and AMEn values, were respectively for DDG-HP, 83.68%, 78,40%, 
66,92%, 47,32%, 85,36%, 82,40%, 3392kcal/kg, 3329kcal/kg; for 
DDGS, 76.22%, 73,90%, 51,44%, 34,71%, 65,80%, 71,23%, 3241 kcal/
kg, and 2507 kcal/kg. In evaluating the prediction equations, it was 
found that the determined AMEn value for DDG-HP (3329 kcal/kg) 
was significantly higher than the estimates of 2425 kcal/kg (Equation 
1) and 2862 kcal/kg (Equation 2). It can be concluded for DDGS, the 
value AMEn determined in the present experiment (2507 kcal/kg) 
was close to the estimate from the equation 1 (2230 kcal/kg), except 
for the HP-DDG, the equations are not appropriate for estimating the 
AMEn of this food under the experimental conditions.

Keywords: DDGS; HP-DDG; Metabolizable energy; Nutritional value; Poultry
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Table 1. Metabolization coefficients of DM, N, CP, EE, NNE, GE and the digestibles 
nutrients and determined values of AME and AMEn of HP-DDG and DDGS

Variable
Ingredients

HP-DDG DDGS
MCDM 83,68 ± 2,58 76,22 ± 4,27
MCN 78,40 ± 17,65 73,9 ± 2,91
MCCP 66,92 ± 0,52 51,44 ± 10,56

DP 32,05 ± 0,17 18,78 ± 1,26
MCEE 47,32 ± 21,80 34,71 ± 21,73
DEE 3,88 ± 0,72 2,36 ± 0,60

MCNNE 85, 36 ± 6,20 65,80 ± 5,87
DNNE 27,06 ± 1,34 26,98 ± 1,84
MCGE 82,40 ± 14,52 71,23 ± 8,57
AME 3392 ± 71,81 3241 ± 63,76

AMEn 3329 ± 44,48 2507 ± 38,45
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Use of condensed tannin and phytobiotic in growing-finishing 
pigs inoculated with Salmonella Typhimurium and challenged 
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Abstract: Restrictions on antibiotic growth promoters in swine produc-
tion have encouraged the search for nutritional alternatives. Phytogenic 
additives, especially condensed tannins, have gained attention due to 
their antimicrobial, antioxidant, and gut health–modulating properties, 
helping control enteric pathogens while maintaining animal performan-
ce. This study aimed to compare the effects of supplementation with con-
densed tannin from black wattle and a commercial phytogenic additi-
ve (thyme extract, copper and zinc amino acid complexes, carob meal, 
and dried chicory) on growth performance, productive parameters, and 
carcass characteristics of pigs during the growing and finishing phases, 
under sanitary challenge and high stocking density. A total of 96 pigs 
(average initial weight ~25 kg) were used in a randomized block design, 
with initial weight as the blocking factor. Treatments included: basal diet 
without additives (negative control), basal diet with phytogenic additive 
(2 kg/t), and basal diet with condensed tannin (2 kg/t). Animals were 
housed in pens of four pigs, with feed and water ad libitum. The trial 
included growing phase 1, growing phase 2, and finishing. To simulate 



A NA I S  DA  3 6 ª  R E U N I ÃO  A N UA L  D O  C B NA  –  SUÍNOS

– 64 –

sanitary challenge, pigs were orally inoculated with Salmonella typhimu-
rium on day 12. Performance variables and carcass traits were evaluated. 
No significant differences were observed among treatments during the 
growing phases or overall period. In the finishing phase, pigs receiving 
condensed tannin showed higher feed intake, while feed conversion and 
efficiency were similar between additive treatments. Final body weight 
was slightly higher in pigs supplemented with tannin. Carcass characte-
ristics were not affected. In conclusion, phytogenic additives are an effec-
tive strategy to support pig performance under challenging conditions. 
Both additives can be used without impairing performance or carcass 
traits, and their selection should consider cost. These results reinforce 
tannins as a viable alternative in reduced-antibiotic production systems.

Palavra-chave: Phytogenic, natural additives, challenge

Table 1. Performance of pigs during the growing and finishing phases (0-64 days)

Variables1 T1* T2* T3* CV %3 p-value
Final Weight (kg) 110.33 109.20 110.08 2.98 0.77

ADFI (kg) 2.58 2.56 2.63 3.26 0.28
ADG (kg) 1.19 1.17 1.18 4.29 0.76

FCR (kg/kg) 2.17 2.19 2.23 2.63 0.23
FE (kg/kg) 0.46 0.46 0.45 2.52 0.20

1ADFI: Average Daily Feed Intake; ADG: Average Daily Gain; FCR: Feed Conversion Ratio; FE: Feed Efficiency
2T1: positive control diet; T2: positive control diet + therapeutic additive at 2 kg/ton; T3: positive control diet + con-
densed tannin at 2kg/ton
3CV: Coefficient of Variation. Differences were considered significant when p<0.05; different letters within the same 
row indicate statistically significant differences
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Abstract: Genetic improvement of hyperprolific sows has significantly 
increased swine production in recent decades, but this progress has also 
led to higher oxidative stress and inflammatory processes, compromising 
reproductive efficiency. Condensed tannins have emerged as a promi-
sing nutritional strategy to counteract these negative effects. This study 
aimed to evaluate the inclusion of Black wattle condensed tannins in 
sow diets and their impact on stress, productive performance, intestinal 
health, and the performance of litters. A total of 180 sows were alloca-
ted in a randomized block design with three treatments during gestation 
and lactation: CON (control), TanA (2.0 kg/ton) and TanB (1.5 kg/ton). 
Measurements included backfat thickness, body weight, and feed inta-
ke from early gestation to late lactation. Physiological parameters were 
assessed through fecal microbiome analysis, colostrum composition and 
IgG concentration, salivary cortisol and serotonin, cytokines (IL-10, IL-
6), and blood redox status. Piglet performance was evaluated by birth 
and weaning weights, diarrhea incidence, mortality, and culling. Results 
indicated a tendency for increased feed intake in tannin-supplemented 
groups. Stress markers improved: cortisol was significantly reduced on 
the first day of lactation, and IL-10 tended to be higher in TanA on day 
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10. Antioxidant activity was enhanced, with higher catalase activity in 
TanA at day 85 of gestation, increased SOD activity in TanB at day 1 of 
lactation, and reduced TBARS in TanA at day 18 of lactation. Microbiome 
analysis revealed differences in beta diversity, with higher abundance 
of Peptococcaceae and Lactobacillus reuteri, and lower abundance of Spiro-
chaetaceae, Enterobacteriaceae, and E. coli in tannin groups. In conclusion, 
condensed tannin supplementation reduced stress in sows during farro-
wing. At 2.0 kg/ton, black wattle tannins improved intestinal health and 
decreased lipid oxidation near weaning. These findings suggest black 
wattle tannins are a valuable dietary tool to enhance welfare, oxidative 
balance, and productivity in hyperprolific sows, with positive effects ex-
tending to their litters.

Keywords: additive; Acacia mearnsii; pig farming; immune response;  
microbiota

Table 1. Performance of sows during gestation and lactation

Variables2
Treatments1

SEM CV (%) p-value
CON TanB TanA

- Gestation -
BW (initial) 233,89 233,86 234,54 3,769 18,67 0,988
BT (initial) 23,55 22,44 22,70 0,641 20,34 0,411
BW (final) 263,00 266,00 266,00 2,989 13,98 0,788
BT (final) 31,93 29,65 30,21 0,554 21,38 0,156

DFI 2,11 2,12 2,11 0,008 5,37 0,89
- Lactation -

BW (final) 257,32 259,33 256,77 3,517 16,25 0,778
BT (final) 31,19 31,41 29,82 0,570 20,81 0,461

DFI 5,70b 6,34a 6,01a 0,116 22,04 0,063
BML -12,83 -10,18 -14,58 1,700 -157,1 0,511

Piglet Birth weight 1,41 1,39 1,43 0,021 16,70 0,658
Stillborn (%) 3,35 2,89 2,22 0,681 174,58 0,548

Mummified (%) 1,30 1,24 1,17 0,405 239,18 0,977

1. CON: Control; TanB: Control + 1,5 kg/t condensed tannin; TanA: Control + 2 kg/t the condensed tannin
2. BW: Body Weight; BT: Backfat Thickness; DFI: Daily Feed Intake; BML: Body Mass Weight
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Table 2. Nutritional composition and IgG levels of sow colostrum six hours post-farrowing

Variables2
Treatments1

SEM CV (%) p-value
CON TanB TanA

Dry matter (%) 22,29 22,07 22,69 0,474 9,48 0,872
Ether extract (%) 6,45ab 6,27b 7,32a 0,229 15,49 0,083

Crude Protein (%) 13,12 14,30 12,51 0,302 10,16 0,104
IgG (pg/ml) 637,07 721,73 700,16 50,319 28,28 0,749

1. CON: Control; TanB: Control + 1,5 kg/t condensed tannin; TanA: Control + 2 kg/t the condensed tannin
2. IgG: Immunoglobulin G

Table 3. Salivary cortisol and serotonin concentrations (ng/ml)  
of sows on the day of farrowing and on the 6th day of lactation

Variables
Treatments1

SEM CV (%) p-value
CON TanB TanA

- Day of farrowing -
Cortisol 7,06a 4,11b 3,20b 1,710 70,27 0,020

Serotonin 15,53 13,83 12,13 1,953 27,20 0,373
- 6th day of lactation -

Cortisol 1,73 1,54 1,38 0,398 57,84 0,778
Serotonin 27,60 35,30 29,70 4,937 72,17 0,821



A NA I S  DA  3 6 ª  R E U N I ÃO  A N UA L  D O  C B NA  –  SUÍNOS

– 68  –

Effects of ß-Mannanase and postbiotic on nutrient  
digestibility of diets in growing and finishing pigs

Amanda Gorrosterrazú1, José A. L. Barbosa1, Hélio M. Junior1,  
Júlia D. Marcio1, Dener O. Moreira1, Carlos E. M. Bertanha1,  

João L. de Brito1, Samya S. S. de Souza1, Urbano S. Ruiz1

¹University of São Paulo (USP), “Luiz de Queiroz” College of Agriculture, Piracicaba, SP, Brazil
Contact: a.gorrosterrazu@usp.br / Presenter: Dener O. Moreira

Abstract: The aim of this study was to evaluate the effects of ß-mannana-
se associated or not with a postbiotic on the apparent total tract digesti-
bility (ATTD) of dry matter (DM), mineral matter (MM), organic matter 
(OM), crude protein (CP), gross energy (GE), and neutral detergent fiber 
(NDF) of corn and soybean meal based diets in growing and finishing 
pigs. Eightyfour crossbred pigs (40.90 ± 3.95 kg of BW) were housed in 
groups of two or three animals per pen and assigned to six dietary treat-
ments in a 2 × 3 factorial arrangement, with two levels of postbiotic (0 
or 500 g/ton) and three levels of ßmannanase (0, 50 and 100 g/ton). The 
animals were submitted to a four feeding phases program: growth I (7 
days), growth II (21 days), finishing I (28 days) and finishing II (21 days). 
In each phase, the diets had exactly the same inclusion levels of corn and 
soybean meal (72.8 to 85.6% corn and 11.8 to 23.5% soybean meal), with 
similar calculated contents of NE (2.5–2.6 Mcal/kg), CP (12.6–17.25%) and 
SID Lys (0.67–1.06%), and contained titanium dioxide as an indigestible 
marker (0.5%). The ATTD was determined by the index method during 
the growth II, finishing I and II phases. A complete randomized block 
design based on initial body weight and sex of the pigs was used, with 
the pen as the experimental unit and five replicates per treatment. Data 
were submitted to ANOVA and means were compared by Tukey’s test 
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(P<0.05) using the SAS MIXED procedure. In the growth II phase, in whi-
ch the ratios had 78.6% corn and 18.2% soybean meal, the pigs receiving 
diets containing ß-mannanase had greater (P<0.05) ATTD of DM, OM, 
CP, GE, and NDF compared to pigs fed diets without the enzyme. The 
highest digestibility coefficients were observed at 100 g/ton, followed by 
50 g/ton, indicating a dosedependent response using the enzyme. No 
significant effects were observed for the ATTD of MM. In the finishing 
phases, with greater corn (83.1 to 85.6%) and lower soybean meal dietary 
contents (11.8 to 14.0%), the inclusion of ß-mannanase or postbiotic in the 
diets did not affected the ATTD of nutrients and energy. The addition 
of ß-mannanase was effective in improving the ATTD of nutrients and 
energy in the growth II diets, but not in finishing I and II diets, which is 
probably related with the greater soybean meal and lower corn contents 
in growth II diets compared with finishing diets.

Keywords: Total apparent digestibility; feed additives; digestive efficiency
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Table 1. Apparent Total Tract Digestibility (ATTD) of Dry Matter (DM),  
Mineral Matter (MM), Organic Matter (OM), Crude Protein (CP), Gross Energy (GE), 

and Neutral Detergent Fiber (NDF) of corn and soybean emal diets 
containing β-mannanase (Enz) at 0, 50, and 100 g/ton and postbiotic (Pos) 

at 0 and 500 g/ton, in growing and finishing pigs

Item
Postbiotic – Enzyme P-value

0-0 500-0 0-50 500-50 0-100 500-100 SEM E P E x P

Growing II

ATTD DM, % 77.85 78.26 80.85 79.89 82.38 83.41 1.310 0.0001 0.8271 0.5531

ATTD MM, % 46.41 32.95 35.34 29.71 44.91 32.51 4.660 0.0865 0.0009 0.4497

ATTD OM, % 80.02 80.66 83.18 82.28 84.28 85.57 1.210 <0.0001 0.6295 0.4355

ATTD CP, % 63.87 65.71 70.70 67.17 72.69 74.36 2.090 <0.0001 0.9939 0.1410

ATTD GE, % 75.84 77.05 79.50 78.47 81.55 83.10 1.457 <0.0001 0.4995 0.4109

ATTD NDF, % 42.70 38.65 42.98 49.02 51.85 55.12 3.966 0.0008 0.4525 0.2032

Finishing I

ATTD DM, % 82.56 82.79 82.72 81.32 82.44 83.93 0.938 0.2352 0.8402 0.1175

ATTD MM, % 28.41 32.96 35.80 34.80 41.00 34.79 4.418 0.0892 0.7326 0.2505

ATTD OM, % 84.94 85.16 85.10 83.66 84.49 86.22 0.923 0.3309 0.7465 0.0753

ATTD CP, % 72.46 70.52 73.10 69.79 73.39 74.43 1.857 0.1398 0.2192 0.2801

ATTD GE, % 82.25 82.56 82.40 80.95 82.41 83.66 1.097 0.2384 0.9544 0.2330

ATTD NDF, % 42.40 45.29 42.87 41.19 44.99 48.20 3.608 0.2222 0.4882 0.5723

Finishing II

ATTD DM, % 80.98 79.31 78.96 81.91 81.49 81.15 2.437 0.7328 0.8123 0.3545

ATTD MM, % 17.88 21.48 18.05 32.60 29.19 22.16 7.334 0.4271 0.3741 0.1148

ATTD OM, % 83.75 82.35 82.18 84.21 83.90 83.65 1.967 0.8478 0.9111 0.4657

ATTD CP, % 71.91 73.39 69.62 72.27 71.03 73.35 3.760 0.7851 0.2957 0.9739

ATTD GE, % 80.80 79.18 78.74 81.38 80.81 80.26 2.370 0.9336 0.9078 0.4290

ATTD NDF, % 27.22 22.10 21.87 26.17 20.01 20.69 7.742 0.6029 0.9909 0.6618

0-0 = Postbiotic 0 + β-mannanase 0; 500-0 = Postbiotic 5000 + β-mannanase 0; 0-50 = Postbiotic 0 + β-mannanase 
50; 500-50 = Postbiotic 500 + β-mannanase 500; 0-100 = Postbiotic 0 + β-mannanase 100; 500-100 = Postbiotic 500 + 
β-mannanase 100. SEM = Standard Error of the Mean
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Effects of ß-Mannanase and postbiotic on waste excretion  
and nutrient utilization efficiency in pigs
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Júlia D. Marcio1, Dener O. Moreira1, Carlos E. M. Bertanha1,  

João L. de Brito1, Samya S. S. de Souza1, Urbano S. Ruiz1
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Abstract: The objectives of this study were to evaluate the supplemen-
tation of ß-mannanase and a postbiotic on growing and finishing pigs 
feeding over the potential environmental impact of pigs through the 
evaluation of dry matter DM, organic matter OM, ash and nitrogen N fe-
cal excretion, and the excretion of DM, OM, ash and N per unit of weight 
gain. Eighty-four pigs 40 ± 3.95 kg were distributed in a randomized block 
design, in a 2 × 3 factorial arrangement, with two levels of postbiotic 0 or 
500 g/ton and three levels of ß-mannanase 0, 50, and 100 g/ton, tota-
ling six treatments with five replicates. The experiment was conducted 
during the growing phases I 7 days and II 21 days, finishing phases I 28 
days and II 21 days. The pigs were fed corn and soybean meal-based diets 
containing the same calculated NE (2.5–2.6 Mcal/kg), CP (12.6–17.25%), 
and SID Lys (0.67–1.06%) contents within phase, and titanium dioxide 
(TiO2) as an indigestible marker. The indigestibility factor of the diets 
(IF = [TiO2] diet / [TiO2] feces) were calculated, and combined with feed 
intake, allowed for the calculation of total DM fecal excretions (TFE = 
feed intake x IF), and the excretions E of OM, ash, and N in feces (EOM or 
Eash or EN = TFE x [OM] or [ash], or [N] in feces), on a dry matter basis. 
Additionally, by associating the TFE of DM, EOM, Eash and EN with the 
weight gain of the pigs, the residue coefficients were calculated (RC =TFE 
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of DM or EOM or Eash or EN excreted in feces / total amount of live 
weight produced). In the growth phase II, pigs supplemented with ßman-
nanase showed lower P<0.05 excretions and RC of DM, OM, ash, and N, 
indicating greater nutrient utilization efficiency, with a more pronounced 
effect for the pigs fed diets with 100 g ß-mannanase /ton, followed by the 
animals submitted to diets containing 50 g ß-mannanase /ton, compared 
to non-supplemented pigs. In the finishing phase I, interactions were ob-
served between ß-mannanase and postbiotic P<0.05 for DM, OM, and N 
excretion. Additionally, the inclusion of 100 g ß-mannanase/ton reduced 
P<0.05 the RC of DM and ash and showed a tendency P<0.1 to reduce 
the RC of OM. In the finishing phase II, no differences were observed in 
total excretions of DM, OM, ash and N. However, supplementation with 
ß-mannanase reduced P<0.05 the RC of ash and tended P<0.1 to reduce 
ash excretion and the RC of DM and OM. Diets containing the enzyme 
ß-mannanase promoted lower excretions of DM, OM, ash and N, as well 
as lower RC, indicating greater efficiency in nutrient utilization and lo-
wer potential environmental impact of production.

Keywords: fecal excretion; enzyme supplementation; swine nutrition
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Table 1. Total Fecal Excretion of Dry Matter (TFEDM), Excretion of Ash (EASH), 
Organic Matter (EOM), and Nitrogen (EN), and Reside Coefficients of Dry Matter (RCDM), 

Ash (RCash), Organic Matter (RCOM), and Nitrogen (RCN) of pigs fed diets containing 
β-mannanase (BM) at 0, 50, and 100 g/ton and postbiotic (P) at 0 and 500 g/ton,  

during the growing II and finishing I and II phases

Item
Postbiotic – β-mannanase P-value

0-0 500-0 0-50 500-50 0-100 500-100 SEM BM P BM x P

Growing II

TFEDM, g 9303 8873 7521 8230 7074 6831 565.5 0.0001 0.9703 0.3317

EASH, g 1460 1387 1233 1303 1073 1123 103.2 0.0010 0.7976 0.5765

EOM, g 7843 7486 6287 6927 6001 5708 495.5 0.0002 0.9913 0.3033

EN, g 415.2 392.7 312.7 366.3 293.3 300.4 30.66 0.0003 0.4798 0.2331

RCDM, g/kg BW 490.1 464.1 412.3 439.3 374.2 359.7 27.74 <0.0001 0.7821 0.3820

RCMM, g/kg BW 76.74 72.79 67.56 69.93 56.64 59.41 5.550 0.0014 0.9031 0.6371

RCOM, g/kg BW 413.4 391.3 344.7 369.4 317.6 300.3 24.06 0.0001 0.7288 0.3397

RCN, g/kg BW 21.87 20.55 17.11 19.58 15.47 15.76 1.430 <.0001 0.5682 0.1957

Finishing I

TFEDM, g 12662ab 11816bc 11484bc 13429a 11277c 10918c 820.1 0.0150 0.5117 0.0130

EASH, g 2187 2099 2056 2268 1794 1952 163.7 0.0374 0.3312 0.4034

EOM, g 10476ab 9717bc 9428bc 11161a 9482bc 8966c 547.8 0.0363 0.6506 0.0109

EN, g 498.8ab 455.1abc 432.5bc 513.7a 450.2abc 424.8c 33.22 0.2231 0.8396 0.0374

RCDM, g/kg BW 403.9 384.0 379.4 433.7 362.3 359.2 30.22 0.0298 0.4429 0.0815

RCMM, g/kg BW 69.77 68.22 67.89 73.35 57.72 58.71 5.550 0.0367 0.2731 0.5201

RCOM, g/kg BW 334.1 315.8 311.5 360.3 304.6 295.1 25.73 0.0643 0.5669 0.0684

RCN, g/kg BW 15.91 14.79 14.30 16.62 14.45 13.99 1.371 0.2980 0.7339 0.1318

Finishing II

TFEDM, g 10966 10967 11119 10178 9569 10746 1083 0.5527 0.8988 0.3766

EASH, g 1999 2010 2095 1704 1611 1783 213.20 0.0965 0.5443 0.1374

EOM, g 8976 8957 9024 8475 7957 8963 932.47 0.7297 0.7850 0.4741

EN, g 367 389 405 293 356 327 57.94 0.6044 0.2136 0.2339

RCDM, g/kg BW 539 701 569 485 461 472 91.18 0.0728 0.5701 0.1827

RCMM, g/kg BW 99.15 110.4 87.30 82.34 77.74 79.15 13.66 0.0171 0.7248 0.6778

RCOM, g/kg BW 440.7 572.8 461.6 403.8 383.5 932.5 75.46 0.0965 0.5224 0.2208

RCN, g/kg BW 18.52 21.96 20.73 16.30 17.14 14.99 3.175 0.1260 0.5256 0.1983

0-0 = Postbiotic 0 + β-mannanase 0; 500-0 = Postbiotic 5000 + β-mannanase 0; 0-50 = Postbiotic 0 + β-mannanase 
50; 500-50 = Postbiotic 500 + β-mannanase 500; 0-100 = Postbiotic 0 + β-mannanase 100; 500-100 = Postbiotic 500 + 
β-mannanase 100. SEM = Standard Error of the Mean
a-bValues within a row with different superscripts differ at P <0.05
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Effects of ß-Mannanase postbiotic on growth performance  
and immune response of growing and finishing pigs
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Abstract: The objective of this study was to investigate the use of a pos-
tbiotic and the enzyme ß-mannanase in growing and finishing pigs fee-
ding on growth performance and immune response. Eighty-four cross-
bred pigs (40.90 ± 3.95 kg of BW) were housed in groups of three or two 
barrows and gilts per pen and assigned to six dietary treatments, in a 2 x 
3 factorial scheme, with two postbiotic contents (0 or 500 g/ton) and three 
ß-mannanase concentrations (0, 50 and 100 g/ton). The trial was divided 
into four phases, growth I (7 days), growth II (21 days), finishing I (28 
days) and finishing II (21 days). The diets were corn and soybean meal 
based and presented the same calculated NE (2.5 – 2.6 Mcal/kg), CP (12.6 
– 17.25%) and SID Lys (0.67 – 1.06%) contents within phase. The body 
weight (BW), average daily gain (ADG), average daily feed intake (ADFI) 
and feed conversion ratio (FCR) were evaluated in each phase and in the 
total period, and serum anti-PCV-2 IgG and IgA were measured at days 
0, 22, 43 and 74 of the trial, after a challenge with a circovirus vaccine 
at day 21 of the experiment. A randomized block design was used, the 
experimental unit was the pen for growth performance and the pig for 
immune system activation, with five repetitions per treatment. The data 
was submitted to ANOVA and means were compared using Tukey’s test 
(P<0.05), utilizing the SAS MIXED procedure. The BW, ADG, ADFI and 
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FCR were similar among animals subjected to the different diets in gro-
wth I, II and in finishing I and II phases. However, over the entire study 
period, animals fed the diet with the ß-mannanase at 50 g/ton and wi-
thout the postbiotic had lower (P<0.05) ADG and ADFI than pigs fed 
diets without any feed additive or that received the diet with 50 g/ton 
ß-mannanase and the postbiotic. Additionally, pigs fed ß-mannanase at 
50 g/ton presented a 4% better FCR (P<0.05) compared to pigs that recei-
ved diets without the enzyme. There was a tendency for a 31% (P=0.0773) 
increase in serum immunoglobulins content in pigs fed postbiotics in the 
blood collection on day 21. These results indicate that the association bet-
ween ß-mannanase and postbiotic improve FCR and immune response 
in growing and finishing pigs.

Keywords: Enzyme supplementation; swine intestinal health; zootechnical perfor-
mance; humoral immunity
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Table 1. Average Daily Gain (ADG), Average Daily Feed Intake (ADFI),  
Feed Conversion Ratio (FCR), and Body Weight (BW) of pigs feed diets containing 

β-mannanase (BM) at 0, 50 and 100 g/ton and postbiotic (P) at 0 or 500 g/ton during the 
growing I and II and finishing I and II phases, as well as over the total period

Item
Postbiotic – β-mannanase P-value

0-0 500-0 0-50 500-50 0-100 500-100 SEM BM P BM x P

Growing I

ADG, kg 1286 1.340 1.237 1.346 1.281 1.251 0.069 0.7714 0.4155 0.7886

ADFI, kg 2.198 2.240 2.027 2.218 2.175 2.218 0.125 0.2630 0.0739 0.1823

FCR 1.722 1.674 1.636 1.657 1.699 1.769 0.0481 0.1721 0.6995 0.3685

BW, kg 49.91 50.71 49.79 50.19 50.35 50.84 2.525 0.6541 0.3085 0.8280

Growing II

ADG, kg 1.056 1.064 1.018 1.045 1.057 1.080 0.034 0.3299 0.3299 0.3299

ADFI, kg 2.792 2.775 2.648 2.787 2.952 2.781 0.1340 0.3528 0.3528 0.3528

FCR 2.641 2.603 2.598 2.659 2.808 2.574 0.1014 0.6422 0.6422 0.6422

BW, kg 68.93 69.87 68.11 69.00 69.10 69.82 2.973 0.1770 0.1770 0.1770

Finishing I

ADG, kg 1.121 1.102 1.077 1.116 1.123 1.094 0.0344 0.8316 0.9095 0.7937

ADFI, kg 3.178 3.020 2.872 3.156 3.039 2.950 0.1422 0.4775 0.8693 0.1809

FCR 2.834 2.739 2.669 2.824 2.711 2.694 0.0785 0.5547 0.8152 0.5533

BW, kg 100.3 100.7 98.26 100.3 100.53 100.46 3.626 0.7210 0.5953 0.9252

Finishing II

ADG, kg 0.971 0.877 0.916 1.022 0.942 1.020 0.0522 0.4597 0.4442 0.2298

ADFI, kg 3.256 3.103 3.023 3.258 3.182 3.274 0.1508 0.7010 0.4969 0.4635

FCR 3.356 3.593 3.301 3.203 3.401 3.223 0.1307 0.2256 0.9042 0.3324

BW, kg 120.72 119.13 117.49 121.72 120.30 121.88 3.554 0.7255 0.3834 0.6011

Total Period

ADG, kg 1.079a 1.071ab 1.032b 1.094a 1.069ab 1.073a 0.0242 0.6707 0.0848 0.0339

ADFI, kg 3.041a 2.935ab 2.815b 3.022a 2.997a 2.954ab 0.1151 0.4687 0.6935 0.0366

FCR 2.858 2.789 2.726 2.711 2.805 2.747 0.0509 0.0378 0.1294 0.7523

0-0 = Postbiotic 0 + β-mannanase 0; 500-0 = Postbiotic 5000 + β-mannanase 0; 0-50 = Postbiotic 0 + β-mannanase 
50; 500-50 = Postbiotic 500 + β-mannanase 500; 0-100 = Postbiotic 0 + β-mannanase 100; 500-100 = Postbiotic 500 + 
β-mannanase 100. SEM = Standard Error of the Mean
a-bValues within a row with different superscripts differ at P <0.05
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Table 2. Serum anti-PCV-2 IgG + IgA concentrations of pigs fed diets containing 
β-mannanase (BM) at 0, 50, and 100 g/ton and postbiotic (P) at 0 or 500 g/ton,  

evaluated at different sampling days during the experimental period

Item
Postbiotic – β-mannanase P-value

0-0 500-0 0-50 500-50 0-100 500-100 SEM BM P BM x P

Day

0 8442 6743 6113 6880 9257 6761 1745 0,4602 0,2681 0,4008

21 9128 12002 8950 9962 8799 13283 2595 0,6803 0,0773 0,6452

49 4938 5064 5017 4793 5070 5131 251,6 0,5385 0,9310 0,5511

73 3700 4531 4100 3892 3755 4204 383,0 0,8620 0,1219 0,1787

73 3700 4531 4100 3892 3755 4204 383,0 0,8620 0,1219 0,1787

0-0 = Postbiotic 0 + β-mannanase 0; 500-0 = Postbiotic 5000 + β-mannanase 0; 0-50 = Postbiotic 0 + β-mannanase 
50; 500-50 = Postbiotic 500 + β-mannanase 500; 0-100 = Postbiotic 0 + β-mannanase 100; 500-100 = Postbiotic 500 + 
β-mannanase 100. SEM = Standard Error of the Mean
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Less plasma but same performance: sugarcane  
yeast extract as functional ingredient to parcially  

replace spray-dried plasma in weaned piglets

Graziela A. C. Valini1, Melina Bonato1, Caio A. Silva2

1ICC Animal Nutrition, SP, BR; 2Universidade Estadual de Londrina, PR, BR
Contact: graziela.alves@iccbrazil.com.br / Presenter: Graziela A. C. Valini

Abstract: Minimizing post-weaning stress and preserving gut health are 
key priorities during the nursery phase. In this context, spray-dried plas-
ma (SDP) is widely used in pre-starter diets due to its high palatability, 
stimulation of feed intake, and positive effects on digestibility and immu-
ne function. However, its high cost may limit its use. As an alternative, 
yeast extract (YE) contains high levels of bioactive peptides, amino acids, 
particularly glutamic acid, and nucleotides, which are essential for ener-
gy supply and tissue repair during early development. Therefore, this 
study evaluated the effects of partially replacing SDP with YE on per-
formance, gut health, and inflammatory response in weaned piglets. A 
total of 350 piglets (n=14; 5 piglets/pen) were allocated by body weight 
and sex into five treatments: control (CN), including 3% SDP in prestar-
ter I and 1.5% in pre-starter II; CN+1% YE on top; and diets with 16.7% 
(0.5% YE), 33.3% (1% YE), and 50% (1.5% YE) replacement of SDP by YE. 
Feed intake (FI) per pen and fecal score per piglet were recorded daily, 
while individual body weight (BW) was measured weekly. Intestinal tis-
sue, feces, and serum samples (n=10) were collected for histomorpho-
metric analysis (day 12), fecal microbiota, and cytokine profile (day 21), 
respectively. Performance and intestinal morphology were analyzed by 
ANOVA followed by Tukey’s test. Fecal score was analyzed using a ge-
neralized linear model (binomial distribution), and microbiota relative 
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abundance was assessed by Kruskal–Wallis followed by Dunn’s test. The 
Mann-Whitney test was performed to assess the alpha diversity between 
groups, while beta diversity analysis was conducted by perMANOVA 
within the QIIME2 pipeline. For all variables, significance was declared 
at P<0.05. During pre-starter I, FI was higher in the CN group than in the 
1.5% YE group (P<0.05, Table 1). However, BW gain, BW, and feed con-
version ratio were not affected by treatments (P>0.05). During pre-starter 
II and starters I and II phases, as well as for diarrhea incidence (Table 
2), no differences were observed among treatments (P>0.05). In addition, 
intestinal morphology, fecal microbiota diversity and composition, inclu-
ding the Firmicutes/Bacteroidota ratio, and pro- and anti-inflammatory 
cytokine profiles remained unchanged across treatments (P>0.05, Figu-
res 1, 2, 3, and 4). These results indicate that partial replacement of SDP 
with up to 1,5% YE maintains performance, gut integrity, and immune 
homeostasis in weaned piglets, supporting its potential as a nutritional 
alternative to SPD.

Keywords: Gut health, Saccharomyces cerevisiae, Growth, Swine
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Table 1. Effect of spray-dried plasma (Control diet, CN) or yeast extract (YE) as  
SDP partial replacement on the growth performance of weaned piglets during 42 days

Treatments

Pre-starter I, d 1 to 7 CN CN + 1% YE on top 0,5% YE 1% YE 1,5% YE P-value

Initial BW (kg) 6,052 6,052 6,050 6,052 6,054 1,00

Feed Intake, kg 0,246a 0,238ab 0,236ab 0,232ab 0,216b 0,03

Average daily gain, kg 0,157 0,168 0,151 0,142 0,133 0,22

Feed conversion ratio 1,654 1,474 1,593 1,763 1,937 0,28

BW, kg 7,156 7,233 7,120 7,051 6,989 0,24

Pre-starter II, d 8 to 14

Feed Intake, kg 0,359 0,351 0,356 0,355 0,334 0,47

Average daily gain, kg 0,207 0,221 0,209 0,233 0,208 0,58

Feed conversion ratio 1,783 1,677 1,737 1,587 1,660 0,67

BW, kg 8,608 8,787 8,585 8,684 8,486 0,31

Starter I, d 15 to 22

Feed Intake, kg 0,492 0,491 0,478 0,505 0,486 0,64

Average daily gain, kg 0,348 0,327 0,319 0,328 0,329 0,58

Feed conversion ratio 1,421 1,519 1,512 1,561 1,485 0,21

BW, kg 11,050 11,081 10,821 10,981 10,795 0,50

Starter II, d 22 to 42

Feed Intake, kg 0,848 0,868 0,822 0,871 0,840 0,20

Average daily gain, kg 0,541 0,566 0,532 0,547 0,538 0,57

Feed conversion ratio 1,572 1,539 1,554 1,598 1,567 0,47

Final BW, kg 22,445 22,952 22,006 22,581 22,114 0,47

Total period, d 1 to 42

Feed Intake, kg 0,605 0,611 0,587 0,614 0,590 0,32

Average daily gain, kg 0,388 0,401 0,377 0,389 0,379 0,46

Feed conversion ratio 1,563 1,531 1,561 1,585 1,561 0,46

a,b Means in the same row with different letters indicate a significant difference (P<0.05) according to Tukey’s test
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Table 2. Effect of spray-dried plasma (Control diet, CN) or yeast extract (YE)  
as SDP partial replacement on Diarrhea Incidence (DI) during 42 days

Treatments

CN CN + 1% YE on top 0,5% YE 1,0% YE 1,5% EL P-value

Score 2 (n) 12 8 16 7 12 0,31

Score 3 (n) 80 72 72 85 86 0,64

Total (n) 92 80 88 92 98 0,71

DI 0,031 0,027 0,030 0,031 0,034 -

S2: events with score 2 (pasty feces); S3: events with score 3 (watery feces). Total diarrheal events (S2 + S3); DI: events ≥ 
score 2 / total number of observations per treatment

Figure 1. Fecal microbial community at phylum and genus levels, and  
Firmicutes-to-Bacteroidota ratio in weaned piglets fed diets with  

CN + YE on top (T1), 0.5% YE (T2), 1% YE (T3), 1.5% YE (T4), or control diet (T5)  
during pre-starter I and II phases. No statistical differences were observed (P>0,05)

Figure 2. Alpha diversity of weaned piglets fed with CN + 1.0% on top diet (T1),  
16.7% YE in SDP replacement (T3), 50% YE in SDP replacement (T4) or a CN diet (T5) in 

pre-starter I and II phases. The alpha diversity was estimated by the parameters Chao l (A), 
Simpson’s Index (B), and Shannon’s Index (C). Statistical comparison between  

groups was performed using the non-parametric Mann-Whitney test.  
No statistical differences were observed (P>0,05)



A NA I S  DA  3 6 ª  R E U N I ÃO  A N UA L  D O  C B NA  –  SUÍNOS

– 82  –

Figure 3. Beta diversity of weaned piglets fed with CN and 1.0% YE on top diet (T1),  
16.7% YE in SDP replacement (T2), 33.3% YE in SDP replacement (T3), 50% YE in SDP 

replacement (T4) or a CN diet (T5) in pre-starter I and II phases. The Unweighted UniFrac 
estimated the beta diversity. No statistical differences were observed (P>0,05)

Figure 4. Villus height (AV) and crypt depth (PC) in small intestinal segments –  
duodenum (D), jejunum (J), and ileum (I), and plasma concentrations of cytokines  
(IL-4, IFN-γ, IL-1α, IL-10, IL-12, IL-18, and TNF-α) in weaned piglets fed diets with 

 CN + YE on top (T1), 0.5% YE (T2), 1% YE (T3), 1.5% YE (T4), or control diet (T5) during 
pre-starter I and II phases. No statistical differences were observed (P>0,05)
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Effects of lignocellulose fiber supplementation in sow diets 
during gestation and lactation on the structure and biomarkers 

of the gut microbiota in piglets
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Abstract: Maternal nutrition plays a key role in shaping the early life gut 
microbiota of piglets, which may influence health, immune development, 
and performance. This study evaluated the effects of lignocellulose fiber 
supplementation in sow diets during gestation and lactation on the gut 
microbiota of piglets at weaning. A total of 36 high producing sows were 
assigned to a completely randomized design with two treatments: con-
trol diet (C) and diet supplemented with lignocellulose fiber (F). Diets 
were provided from day 75 of gestation through lactation. At weaning, 
fecal samples from piglets were collected for microbial DNA extraction 
and 16S rRNA gene sequencing. Shannon index (diversity) and richness 
(observed genera) were compared using non-parametric tests (p < 0.05), 
and differentially abundant taxa were identified by LEfSe (LDA > 2.0). 
Piglets from fiber supplemented sows showed higher microbial diversity 
(4.88 vs. 4.38; p = 0.016) and richness (360 vs. 292; p = 0.0249), indicating 
a more complex microbial community. Additionally, fiber supplemen-
tation reduced the abundance of negative biomarkers (0.72 vs. 2.89) and 
increased positive biomarkers (6.11 vs. 1.67), with higher representati-
veness of beneficial taxa (76.09% vs. 30.23%). Among the positive bio-
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markers, genera such as Anaerotignum, Faecalibacterium, Oscillospira, 
and Ruminococcus were highlighted, known for their role in short-chain 
fatty acid (SCFA) production. These metabolites are commonly associa-
ted with improved intestinal integrity, immune modulation, and energy 
supply to enterocytes. Overall, maternal fiber supplementation promo-
ted a shift toward a more favorable and fermentative microbiota profile 
in piglets, suggesting enhanced intestinal functionality. These findings 
support maternal nutrition as a strategy to modulate early life gut micro-
biota in piglets.

Keywords: Maternal nutrition; Modulation; Swine; Complex carbohydrates

Table 1. Effects of maternal dietary lignocellulose fiber supplementation  
on gut microbiota diversity and biomarkers inn piglets

Variables C F P-value
Shannon’s diversity 4.38 4.88 0.016
Richness of genus 292 360 0.0249
Abundance of negative biomarkers 2.89 0.72 -
Abundance of positive biomarkers 1.67 6.11 -
Relative abundance of negative biomarkers 52.26 8.96 -
Relative abundance of positive biomarkers 30.23 76.09 -

C: Control diet without fiber supplementation; F: diet supplementated with fiber
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Exogenous protease influences nutrient digestibility in piglet 
diets containing high levels of trypsin inhibitors

Debora Reolon1, Carlos Beretta Neto2, Dejanir Pissinin2, 
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Bruno Neutzling Fraga2, Vladimir de Oliveira2

1Novus Internacional, Indaiatuba, SP; 2Universidade Federal de Santa Maria, Santa Maria, RS
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Abstract: Soybean meal (SBM) is a widely used protein source in pig 
diets. However, contains antinutritional factors such as trypsin inhibitors 
(TI), which limit its inclusion in diets for pigs. The primary effect of TI is 
the inactivation of proteases, directly compromising protein digestibility. 
Consequently, protease supplementation has been proposed as a strategy 
to reduce the direct and indirect impacts of TI in soybeans and their by-
-products. This study aimed to evaluate the effects of different levels of 
SBM-derived TI and exogenous protease supplementation on nutrient di-
gestibility in weaned piglets. Ninety-six 21-day-old piglets were assigned 
to a randomized complete block design with 32 pens and eight replicates 
per treatment. A 2 × 2 factorial design combined two TI concentrations 
with the presence or absence of protease (500 g/ton). To achieve the de-
sired TI concentrations, 3% and 5% crude soybean were added to the 
pre-starter and starter diets, respectively. TI concentrations were 0.82 and 
1.71 mg/g for the pre-starter phase and 0.96 and 1.83 mg/g for the star-
ter phase, representing moderate and high levels, respectively. Apparent 
total tract digestibility (ATTD) of nutrients was determined using partial 
fecal collection. Piglets were allowed 4 days of adaptation to the diet con-
taining the marker before fecal collection. Samples were analyzed for dry 
matter (DM), organic matter (OM), crude protein (CP), and gross energy 
(GE). In the pre-starter phase, ATTD of DM was higher in the moderate 



A NA I S  DA  3 6 ª  R E U N I ÃO  A N UA L  D O  C B NA  –  SUÍNOS

– 86  –

TI treatments compared with the high TI treatments (p = 0.014). ATTD of 
CP decreased under high TI (p = 0.004), with a trend toward a protease 
effect (p = 0.073). A significant TI × protease interaction was observed 
for ATTD of CP (p = 0.035), with reduced CP digestibility in the absence 
of protease under high TI conditions. ATTD of GE was also lower in the 
high TI groups (p = 0.034), with no effect of protease. In the starter phase, 
ATTD of DM was similar across treatments (p > 0.05). ATTD of OM sho-
wed a tendency to decrease under high TI (p = 0.064), with no protease 
effect. For ATTD of CP, a tendency toward lower values was observed 
under high TI (p = 0.079), along with a trend for a TI × protease interac-
tion (p = 0.065). Lastly, ATTD of GE also tended to be lower under high TI 
(p = 0.068), with no protease effect. In conclusion, diets containing high TI 
levels impaired macronutrient digestibility in piglets. Although protease 
supplementation showed no main effect, it interacted with TI at higher 
levels, partially mitigating its negative impact.

Keywords: Antinutritional factor, protein digestibility, soybean meal

Table 1. Apparent total tract digestibily coefficients of diets for piglets fed 
different levels of trypsin inhibitors with or without protease inclusion

Trypsin Inhibitor Moderate High P-value

Protease Without With Without With SEM TI P TI x P

Pre-start diet

Replications 8 8 8 8

ATTD DM, % 85.46 85.80 83.81 84.80 0.82 0.014 0.494 0.386

ATTD OM, % 88.14 88.07 86.89 87.76 0.90 0.229 0.535 0.471

ATTD CP, % 82.29 82.08 79.07 81.44 0.83 0.004 0.073 0.035

ATTD GE, % 85.46 85.80 83.81 84.88 1.05 0.034 0.232 0.528

Starter diet

Replications 8 8 8 8

ATTD DM, % 85.31 85.33 83.27 85.25 0.98 0.140 0.170 0.167

ATTD OM, % 87.60 87.51 85.81 87.07 1.31 0.241 0.535 0.477

ATTD CP, % 83.17 82.90 80.68 82.97 0.92 0.079 0.139 0.065

ATTD GE, % 85.01 84.87 83.15 84.31 0.88 0.068 0.420 0.320

ATTD: Apparent Total Tract Digestibility; SEM: Standard Error of the Mean; P: Protease; DM: Dry Matter; OM: Orga-
nic Matter; CP: Crude Protein; GE: Gross Energy; Trypsin Inhibitor: pre-starter (0.82 and 1.71 mg/g) and starter (0.96 
and 1.83 mg/g) for the moderate and high treatments, respectively. Protease: 0 and 500 g/ton for diets without and 
with protease inclusion, respectively



A NA I S  DA  3 6 ª  R E U N I ÃO  A N UA L  D O  C B NA  –  SUÍNOS

– 87  –

Research trends and meta-analytical insights on endogenous 
losses and mineral digestibility in swine
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Abstract: The formulation of diets aimed at meeting pigs requirements 
for digestible nutrients is important for the efficiency and sustainability 
of their production. In the case of the mineral phosphorus (P), the con-
cept of standardized total digestible P is currently used, which involves 
determining the apparent total digestibility of P corrected for basal endo-
genous losses of this mineral. This approach contributes to greater addi-
tivity of P content in ingredients and diets, promoting better production 
efficiency and minimizing P excretion. For calcium (Ca), total content is 
still used, but research on standardized Ca digestibility has been increa-
sing, suggesting that in the near future standardized digestible Ca will 
become a reality in pig nutrition. Thus, the study of endogenous losses 
has emerged as an important tool for improving standardized mineral 
digestibility. Therefore, the objective was to evaluate the evolution of re-
search and to quantify the basal endogenous losses of P and Ca through 
bibliometric analysis and meta-analysis. Data collection was carried out 
using the Scopus database, considering publications from 2003 to 2025. 
The initial search resulted in 1,142 records, and inclusion criteria related 
to the determination of true or standardized digestibility and the mea-
surement of endogenous losses were subsequently applied, resulting in 
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107 eligible studies. The bibliometric analysis was conducted based on 
the temporal evolution of publications. For the meta-analysis, data on en-
dogenous losses, body weight, and experimental design were extracted, 
with 81 trials included for P and 28 for Ca. Linear regression models were 
fitted, with observations weighted according to the number of animals 
or experimental replicates. The results showed a consistent increase in 
publications over the period analyzed, with greater intensification after 
2010, indicating an expansion of scientific interest in the area. The meta-
-analysis revealed high variability in endogenous losses, ranging from 
38 to 964 mg/kg of dry matter intake for P and from 123 to 1,580 mg/
kg for Ca. A positive relationship was observed between body weight 
and endogenous losses, described by the equations: BEL of P = 174.953 + 
1.784 × BW and BEL of Ca = 212.896 + 4.095 × BW, with model fit values 
of R² = 0.104 for P and R² = 0.619 for calcium. It was concluded that endo-
genous losses are mainly influenced by physiological factors, especially 
body weight, and that the growth of research reinforces the relevance of 
this topic for precision nutrition and sustainability in pig production.

Keywords: bibliometrics; endogenous losses; mineral nutrition; meta-analysis; pigs

Figure 1. Meta-regression of the relationship between average  
body weight and basal endogenous phosphorus losses in pigs
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Figure 2. Meta-regression of the relationship between average  
body weight and basal endogenous calcium losses in pigs
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Body composition and serum urea concentration of growing 
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Abstract: High-fiber ingredients, including soybean hulls (SBH), can 
increase endogenous threonine (Thr) losses, resulting in a greater Thr 
requirement for protein deposition. A total of 64 barrows (Large White 
x Landrace x Duroc; 28.3 ± 3.19 kg initial body weight) were used in a 
28-d study to evaluate the effects of diets at 100 or 119% of the National 
Research Council (NRC, 2012) SID Thr recommended levels with or wi-
thout SBH on body composition and serum urea concentration. Pigs were 
blocked by initial body weight and randomly assigned to one of four 
treatments with eight replicate pens per treatment and two pigs per pen. 
Dietary treatments were arranged in a 2 × 2 factorial design with two le-
vels of SBH (0 or 15%) and two levels of SID Thr (0.59 and 0.70%; 100 and 
119% of NRC requirements, respectively) in corn-soybean mealbased 
diets. Pigs were allowed ad libitum access to feed and water throughout 
the study. Real-time ultrasonic (RTU) measurements of the 10th-rib lon-
gissimus dorsi muscle area (LMA) and off-midline backfat thickness (BF) 
were taken for all pigs at the start (day 1) and the end (day 28) of the stu-
dy. Prediction equations were used to estimate carcass fat-free total lean 
tissue (FFTOLN) and empty body protein (MTPRO) from the RTU mea-
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surements. Fat-free lean gain was estimated as the difference between 
predicted lean mass at the end (day 28) and at the onset of the study 
(day 1) divided by the number of days on trial. At the end of the study, 
blood samples were collected from all pigs by jugular vein puncture and 
centrifuged at 2,500 × g for 15 min at 4 °C to determine the serum urea 
concentration. All data were analyzed using the MIXED procedure of 
SAS software. There were no SBH × SID Thr interactions for any studied 
variable. Body composition and serum urea concentration were not affec-
ted by SID Thr levels. However, including 15% SBH to the diet increased 
FFTOLN (P < 0.01), MTPRO (P = 0.03) and fat-free lean gain (P < 0.01), as 
well as tended to increase (P = 0.09) LMA and decreased (P = 0.09) BF. In 
addition, pigs fed 15% SBH had lower (P < 0.01) serum urea concentra-
tion than pigs fed diets without SBH. In conclusion, adding supplemental 
SID Thr to diets with SBH did not alter body composition and serum urea 
concentration in growing pigs and further indicated that feeding 15% 
SBH increased dietary nitrogen utilization for muscle protein accretion.

Keywords: amino acid; dietary fiber; nutrition; swine

Table 1. Body composition and serum urea concentration of growing  
pigs fed diets containing Soybean Hulls (SBH) and 0.59 or 0.70%  

Standardized Ileal Digestible (SID) threonine (Thr)

Itema

0% SBH 15% SBH
Polled 
SEM

P-value

SID Thr level, % SID Thr level, %
SBH SID Thr SBH x SID Thr

0.59 0.70 0.59 0.70

LMA, cm2 18.76 18.72 19.35 19.79 0.51 0.09 0.66 0.61

BF, cm 1.30 1.19 1.12 1.18 0.03 0.09 0.65 0.13

FFTOLN, kg 18.79 18.67 19.29 19.62 0.35 <0.01 0.66 0.33

MTPRO, kg 7.70 7.64 7.91 7.92 0.12 0.03 0.80 0.77

Fat-free lean 
gain, g/day 361.86 359.82 386.01 392.47 9.71 <0.01 0.81 0.64

Urea, mg/dL 31.97 33.77 28.83 27.71 0.80 <0.01 0.81 0.31

aLMA = Longissimus dorsi muscle area; BF = Backfat Thickness; FFTLON = carcass fat-free total lean tissue; MTPRO = 
empty body protein mass
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Effect of increasing levels of tannin extract from 
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of feedlot-finished Nellore cattle

Bruna Poletti1, Guilherme P. Rissi2, Janaina S. Silva2, Ives C. S. Silva2

1TANAC S.A.; 2Faculdade de Zootecnia e Engenharia de Alimentos da Universidade de São Paulo
Contact: bpoletti@tanac.com.br / Presenter: Bruna Poletti

Abstract: The growing global population has intensified the demand for 
animal protein, driving the adoption of sustainable nutritional strategies 
in livestock production. In this context, tannins, secondary plant metabo-
lites, have gained prominence due to their potential to modulate ruminal 
fermentation, improve energy utilization efficiency, and mitigate metha-
ne (CH4) emissions. These advances are fundamental to maintaining the 
competitiveness of Brazilian beef cattle production while balancing pro-
ductivity and environmental responsibility. The objective of this study 
was to evaluate the effects of including increasing levels of Eucalyptus 
cloeziana tannins extract in the diet of feedlot-finished Nellore cattle on 
productive performance, carcass traits, meat quality, blood metabolites, 
fecal characteristics, ingestive behavior (feeding, rumination, and idle 
time), and enteric methane emissions. The experiment was conducted 
with 52 Nellore bulls (20 months; 387 ± 2 kg), housed in individual pens 
and fed a diet with a forage-to-concentrate ratio of 30:70. Treatments con-
sisted of a control (CTL, without tannins), TAN16 (0.16% DM), TAN32 
(0.32% DM), and TAN64 (0.64% DM). Average daily gain (ADG), dry 
matter intake (DMI), feed conversion ratio (FCR), carcass yield (CY), and 
meat physicochemical traits were evaluated. Methane (CH4) emissions 
were estimated in 16 animals equipped with halters and collection ca-
nisters using the sulfur hexafluoride (SF6) tracer gas technique. Tannin 
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inclusion did not significantly affect animal performance, carcass yield, 
or most meat quality parameters, although collagen content was redu-
ced in TAN64 (P < 0.01). A nonlinear response was observed for CH4 
emissions, with TAN16 presenting the lowest emission values, whereas 
TAN32 resulted in the highest Ym values, representing the proportion of 
gross dietary energy converted into CH4. Although no significant effects 
on productive performance were detected, TAN16 demonstrated poten-
tial to reduce methane emissions without compromising performance 
indicators.

Keywords: Cattle farming, Greenhouse gases, Natural extract, Ruminants

Table 1. Intake, performance, and methane emission intensities of Nellore 
cattle fed diets containing increasing levels of tannins

Variables CTL TAN16 TAN32 TAN64 SEM p-value
DMI (kg) 9.96 12.50 11.10 11.94 0.90 0.01
BW (kg) 475.35 478.20 461.60 471.60 14.08 0.05
ADG (kg) 1.70 1.80 1.60 1.78 0.15 0.23
BW0.75 101.61 102.04 99.41 101.01 2.26 0.04
CH4 (g/day) 171.93 171.24 204.03 185.16 10.08 0.66
CH4 g/kg DMI 17.71ab 14.03b 19.37a 15.89ab 1.17 0.02
CH4 g/kg ADG 104.78 99.43 133.27 106.28 11.31 0.87
CH4 g/kg BW 0.36b 0.36b 0.45a 0.39ab 0.01 0.17
CH4 g/kg BW0.75 1.69b 1.68b 2.06a 1.83ab 0.08 0.70
CH4 g/kg carcass 0.62ab 0.64a 0.75b 0.69ab 0.05 0.73
Ym (%) 4.21ab 2.98b 5.01a 3.70ab 0.24 0.04

a,b Means followed by different lowercase letters within the same row differ (P<0.05) according the 
Tukey test
CH4: methane; DMI: dry matter intake; BW: body weight; ADG: average daily gain; BW0.75: metabolic 
body weight; Ym (%): percentage of gross dietary energy converted to CH4; SEM: standard error of the 
mean
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Abstract: Yeast cultures are used in beef cattle nutrition due to their po-
tential to modulate the rumen environment. This study evaluated the ef-
fect of yeast culture supplementation on the rumen microbiota of steers, 
focusing on alpha diversity indices and differentially abundant taxa with 
potential functional relevance. Twenty-four male steers were assigned to 
two treatments, control and yeast culture supplementation (7 g/animal/
day), with rumen microbiota evaluated in one animal per pen (n = 12). 
Rumen fluid samples were collected by esophageal probe 140 days af-
ter the adaptation period. The V3–V4 region of the 16S rRNA gene was 
sequenced from rumen fluid samples. Richness and differential taxon 
abundance were compared between groups using the Kruskal–Wallis 
test, while microbial diversity, estimated by the Shannon index, was 
evaluated using the Wilcoxon rank-sum test. Yeast culture supplemen-
tation did not alter alpha diversity indices of the rumen microbiota, with 
similar values for richness (control = 267.5; supplemented group = 307.0; 
p = 0.7488) and Shannon diversity (control = 4.04; supplemented group 
= 4.17; p = 0.749). In contrast, differential abundance analysis identified 
differences in specific taxa, with higher abundances of Succinivibrio_uc 
(0.0040 vs. 0.0160, p = 0.0459), Treponema bryantii (0.0631 vs. 0.1679, p = 
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0.0374), Eubacterium (0.0040 vs. 0.0170, p = 0.0289), and Atopobiaceae_uc 
(0.0151 vs. 0.2133, p = 0.0239, p = 0.0370). Functionally, taxa enriched in 
the supplemented group were mainly associated with carbohydrate fer-
mentation and organic acid metabolism, whereas Desulfovibrio, which 
was reduced in the supplemented group, is linked to sulfate reduction 
and hydrogen sulfide formation in the rumen. In conclusion, yeast cul-
ture supplementation did not alter alpha diversity indices of the rumen 
microbiota, but it was associated with modulation of specific taxa with 
potential functional relevance to rumen fermentation.

Keywords: 16S rRNA; alpha diversity; differential abundance; microbiota; rumen 
fluid
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Abstract: The efficiency of ruminant production systems remains a chal-
lenge, driving the search for strategies to improve feed efficiency using 
feed additives and alternative ingredients. Among these, natural resin 
acids have shown potential to promote intestinal integrity across multi-
ple species. Therefore, this study aimed to evaluate the inclusion of na-
tural resin acids in the diet of crossbred calves during the milk-feeding 
phase and to assess their effects on biochemical, histological, and immu-
nological parameters. Twenty calves were used in this study. Their initial 
body weight was recorded, and animals were assigned to two treatments 
for 61 days: Control (6 L of milk) and PROGRES® (6 L of milk supple-
mented with 2 mL of natural resin acids). Concentrate, water, and hay 
were provided ad libitum. Blood samples (serum) for laboratory analyses 
were collected from all calves, via jugular venipuncture, on day 50 after 
the morning feeding. Serum IgA concentrations were determined using 
a commercial Bovine IgA ELISA kit (FineTest®, EB0035), based on the 
competitive ELISA method. Animals were slaughtered according to Mu-
nicipal Inspection Service guidelines, including pre-slaughter stunning. 
After necropsy, Jejunum samples were collected for IL-10 (interleukin-10) 
quantification by immunohistochemistry. The immune response was in-
fluenced by treatment. Chi-square analysis revealed that the frequency 
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of detection of IGA was greater (P = 0.05) for PROGRES® calves (80%) 
compared with Control (20%; Figure 1). IgA plays a key role in muco-
sal defense by binding to intestinal epithelium and preventing pathogen 
adhesion. The effects of natural resin acids on the immune response may 
be associated with their role in protein synthesis via mRNA formation, 
supporting the development of immune cells and antibody production. 
The immune system is regulated by a complex biochemical network in-
volving antigens, immunoglobulins, and cytokines, particularly interleu-
kin-10 (Figure 2). Both innate and adaptive immune responses depend 
on the adequate availability of interleukins and other biologically active 
molecules. Natural resin acids appear to modulate immune responses via 
both direct and indirect pathways, potentially mediated by the intestinal 
microbiota. This modulation may help prevent dysbiosis and alterations 
in intestinal permeability, thereby enhancing mucosal immunity and 
overall intestinal health.

Keywords: Interleukin; IgA; Nutrition; Ruminants

Figure 1. IGA Levels
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Figure 2. Immunohistochemistry for IL-10 in bovine jejunum. No significant difference in 
the relative frequency of IL-10-positive cells between groups C and P in the lamina propria. 
Arrows indicate IL-10-positive cells; Ep, epithelium; Lp, lamina propria; scale bar = 20 µm
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Abstract: Understanding family succession practices in cow-calf opera-
tions is a challenge, as these production systems rely heavily on large, fi-
xed assets, such as land, and on the continuity of labor transferred across 
generations within the same family. This study aimed to characterize the 
presence of a successor within the family unit and the level of exclusive 
financial dependence on cow-calf operations, based on the 2021 produc-
tion year. Data were collected from 280 farms an online questionnaire 
(SurveyMonkey®) between August 2022 and August 2023. Respondents 
selected one of the following options regarding succession: “have a suc-
cessor,” “do not have any successor,” or “do not know.” For exclusive 
financial dependence on cow-calf operations, responses were: “Yes, ex-
clusively dependent” or “No, also dependent on other activities.” Far-
ms were distributed as follows: Midwest (95), Northeast (36), North (36), 
Southeast (72), and South (41). Data were processed using Excel® and ex-
pressed as percentages of total responses. Regarding family succession, 
64.30% of respondents (n = 180) reported having a successor, 20.40% (n 
= 57) reported not having one, and 15.40% (n = 43) were doesn’t know. 
When evaluating exclusive financial dependence on cow-calf operations, 
only 22.14% of respondents (n = 62) reported relying solely on this acti-
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vity. These results indicate that, although many farms have a potential 
successor, suggesting a positive outlook for generational continuity most 
families still depend on additional income sources beyond cow-calf pro-
duction to ensure economic viability. Beyond income diversification, it is 
essential to make cow-calf systems economically attractive and profitab-
le, ensuring not only the permanence of families in rural areas but also 
the sustainability of succession and the strengthening of the beef produc-
tion chain.

Keywords: calves; beef cattle production; questionnaire; family income



A NA I S  DA  3 6 ª  R E U N I ÃO  A N UA L  D O  C B NA  –  BOVINOS

– 104 –

Overview of cow-calf production systems  
on beef cattle ranch in Brazil

Vitória T. L. Rozin1, Lázaro G. L. Lima1, Rafael M. Jensen1, 
Lucas B. Maciel1, Matheus S. P. Carlis1, Matheus C. Garcia1, 

Oscar A. Ojeda-Rojas2, Angela M. Gonella-Diaza3, Guilherme Pugliesi4, 
Júlio C. C. Balieiro4, Augusto H. Gameiro4, Rodrigo S. Goulart1

1Dept. Animal Science, Univ. São Paulo, Brazil; 2Univ. Florida, USA; 
3NFREC, Univ. Florida, USA; 4Vet. School, Univ. São Paulo, Brazil
Contact: vitoriatoffololuiz@usp.br / Presenter: Lázaro G. L. Lima

Abstract: With the continuous growth in global demand for beef, evalua-
ting reproductive and productive indicators on Brazilian farms is essen-
tial to support strategies that strengthen the sector. As production re-
lies on cow-calf systems, accurate farm mapping and diagnosis are key 
priorities. This study aimed to characterize the frequency of production 
systems adopted for beef calf production in the 2021 production year. 
Data were collected from 280 farms through an online questionnaire 
(SurveyMonkey®) applied between August 2022 and August 2023. Res-
pondents selected one of the following systems: Conventional (beef catt-
le only), Crop-Livestock Integration (CLI), Livestock-Forest Integration 
(LFI), Crop-Livestock-Forest Integration (CLFI), or Organic (beef cattle 
only). Farms were distributed as follows: Midwest (95), Northeast (36), 
North (36), Southeast (72), and South (41). Data were processed in Excel® 
spreadsheets, and results were expressed as percentages of total respon-
ses. Among the evaluated cow-calf operations, the conventional system 
predominated, being adopted by 77.50% of producers (n = 217). Crop-Li-
vestock Integration (CLI) was the second most frequent system, present 
in 22.14% of farms (n = 62), indicating a trend toward production diver-
sification, albeit at a smaller scale. Complex systems, such as Livestock-
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-Forest Integration (LFI) and Crop-Livestock-Forest Integration (CLFI), 
were reported by only 3.21% of producers each (n = 9). Organic systems, 
characterized by sustainable practices and restricted use of conventio-
nal inputs, showed the lowest adoption (1.78%; n = 5). These findings 
indicate that, despite initiatives aimed at sustainable intensification and 
diversification, most producers still operate under conventional systems, 
likely due to technical, economic, or structural barriers to adopting inte-
grated or alternative systems. Overall, Brazilian beef production remains 
predominantly conventional, with low adoption of integrated and alter-
native systems. Policies, incentives, training, and extension services are 
essential to promote the transition toward integrated systems, optimi-
zing land use, sustainability, and competitiveness. The small adoption 
of organic systems may also reflect economic challenges associated with 
this production model.

Keywords: beef; herd; cows; calves
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Abstract: High-concentrate diets, typically characterized by a high starch 
content, are widely used in feedlot systems to maximize beef cattle per-
formance. In this context, the use of feed additives such as sodium mo-
nensin and alkalinizing agents (magnesium oxide) has been adopted to 
modulate ruminal fermentation. Therefore, this study aimed to evaluate 
the effects of sodium monensin combined with increased levels of mag-
nesium oxide (MgO) on microbial protein synthesis in Nellore cattle fed 
high-concentrate diets. Five castrated Nellore steers with rumen cannu-
las, were assigned to a 5 × 5 Latin square design. The treatments were as 
follows: diet with no feed additive inclusion (NFA), diet containing 25 
ppm of sodium monensin (MON) and three diets with increasing MgO 
inclusion (0.25%, 0.50%, and 0.75% on dry matter basis of total mixed 
ratio; MON+0,25MgO, MON+0,50MgO e MON+0,75MgO, respectively). 
Microbial protein synthesis was estimated based on urinary excretion of 
purine derivatives. Increasing MgO inclusion resulted in a linear decrea-
se in allantoin excretion (P = 0.038), total purine derivatives (P = 0.031), 
absorbed purines (P = 0.028), and microbial nitrogen (P = 0.026). Conver-
sely, creatinine excretion increased linearly (P = 0.030). The reduction in 
dry matter intake observed at higher MgO levels likely limited ruminal 
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microbial activity and microbial protein synthesis, while also increasing 
body protein turnover, particularly at the highest inclusion level (0.75%). 
In conclusion, the combination of monensin and MgO did not improve 
microbial protein synthesis or enhance ruminal environment stability.

Keywords: feedlot; microbial protein; purine derivatives

Table 4. Effect of magnesium oxide supplementation on microbial protein  
synthesis in castrated Nellore cattle fed a high-starch diet

Variable

Treatments p-value

NFA MON MON+ 
0,25MgO

MON+ 
0,50MgO

MON+ 
0,75MgO MSE

NFA 
vs 

MON

MON 
vs 

MgO
L Q

CMS, kg 8,36 8,40 8,43 8,44 6,38 0,643 0,942 0,149 0,003 0,016

Urine 
volume, L 5,39 6,20 6,16 7,02 7,00 0,032 0,089 0,351 0,175 0,964

Creatinine 
excretation, 
mg/kg BW 
per day

26,42 26,26 26,26 26,33 26,56 0,276 0,232 0,241 0,030 0,219

Uric acid, 
mmol/day 20,11 17,13 17,07 17,36 15,14 2.530 0,240 0,766 0,473 0,540

Allantoin, 
mmol/day 350,43 278,04 239,39 232,03 192,51 26.863 0,067 0,078 0,038 0,987

Purine 
derivatives, 
mmol/day

370,76 295,05 256,73 249,33 207,37 0,043 0,105 0,056 0,026 0,867

AL/PD, % 94,17 94,28 93,39 93,16 92,64 0,860 0,903 0,107 0,081 0,763

Absorbed 
purines, 
mmol/day

385,60 295,90 250,45 242,37 194,83 0,052 0,112 0,057 0,026 0,856

Microbial 
nitrogen, 
mg N/kg 
BW per day

526,01 405,10 338,04 325,61 279,57 54.513 0,074 0,097 0,069 0,813
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Abstract: The accuracy of predictive analyses using near-infrared spec-
troscopy (NIRS) can be affected by sample preparation procedures, in-
cluding the drying method applied before analysis. This study aimed to 
evaluate the effect of four drying methods on protein fractions of corn 
silage as predicted by NIRS. Four pre-drying treatments were asses-
sed: forced-air oven (OV) at 55°C for 72 hours; air fryer (AF) at 120°C in 
15-minute cycles followed by 5-minute intervals until weight stability; 
microwave oven (MW) with an initial 5-minute cycle followed by 2-mi-
nute intervals until weight stability; and Koster tester (KO) with an 
initial 40-minute cycle followed by 5-minute intervals until weight sta-
bility. A randomized complete block design was used, with four treat-
ments and ten replications. The variables analyzed were crude protein 
(CP), rumendegradable protein (RDP), acid detergent insoluble protein 
(ADIP), neutral detergent insoluble protein (NDIP), and soluble protein 
(SP). Data were submitted to ANOVA, and when significant (P < 0.05), 
Tukey’s test was applied. Significant effects of the pre-drying method 
were observed for CP. The MW method yielded the highest mean from 
AF, while KO was intermediate (MW: 9.19%DMa; OV: 9.05%DMab; KO: 
8.47%DMbc; AF: 8.28%DMc; P = 0.0031; SEM = 0.11). For RDP, OV, KO, 
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and MW produced the highest values, whereas AF showed lower results 
(OV: 76.50%CPa; KO: 75.70%CPa; MW: 73.50%CPa; AF: 65.50%CPb; P < 
0.0001; SEM = 0.80). Regarding ADIP, AF presented higher values than 
the other methods (AF: 11.84%CPa; OV: 8.61%CPb; MW: 8.61%CPb; KO: 
9.53%CPb; P < 0.0001; SEM = 0.30). No significant differences were found 
among treatments for NDIP (OV: 21.63%CP; KO: 20.58%CP; 20.38%CP; 
22.80%CP; P = 0.0814; SEM = 0.38). For SP, OV showed the highest value, 
followed by KO and MW, with AF presenting the lowest mean and diffe-
ring significantly from all others (OV: 59.60%CPa; KO: 58.80%CPa; MW: 
57.90%CPa; AF: 46.42%CPb; P < 0.0001; SEM = 1.08). The air fryer method 
deviated significantly from the laboratory reference (OV) across all varia-
bles, suggesting thermal degradation of protein fractions. In contrast, the 
microwave and Koster methods produced results statistically similar to 
the reference standard. It is concluded that the drying method influences 
NIRS-predicted values and may compromise analytical accuracy. Micro-
wave and Koster methods have potential for the pre-analytics processing 
of protein fraction, whereas the air fryer should be avoided for this pur-
pose.

Keywords: Chemical composition; Protein fractions; Spectroscopy

Table 1. Crude protein and protein fractions of corn silage  
as influenced by drying methods (NIRS)

Items OV KO AF MW SEM p-value
CP, %DM 9.05ab 8.47bc 8.28c 9.19a 0.11 0.0031
RDP, %CP 76.50a 75.70a 65.50b 73.50a 0.80 <0.0001
ADIP, %CP 8.61b 9.53b 11.84a 8.61b 0.30 <0.0001
NDIP, %CP 21.63 20.58 20.38 22.80 0.38 0.0814

SP, %CP 59.60a 58.80a 46.42b 57.90a 1.08 <0.0001

DM: Dry Matter; CP: Crude Protein; RDP: Rumen Degradable Protein; ADIP: Acid Detergent Insolub-
le Protein; NDIP: Neutral Detergent Insoluble Protein; SP: Soluble Protein; OV: Forced-air oven; KO: 
Koster test; AF: Air Frier; MW: Microwave; SEM: Standard Error of the Mean; P-value: Means followed 
by different letters differ (P<0.05)
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Abstract: Corn ethanol production results in several coproducts, inclu-
ding Dried Distillers Grains (DDG), Dried Distillers Grains with Solubles 
(DDGS), Wet Distillers Grains (WDG), and Wet Distillers Grains with So-
lubles (WDGS), which have high nutritional potential for ruminants. With 
an estimated production of 4.9 million tons for the 25/26 harvest, these 
materials consolidate their strategic relevance in the Brazilian livestock 
sector. The objective of this study was to evaluate the viability of Near-In-
frared Spectroscopy (NIRS) technology in predicting the fractions of cru-
de protein (CP), ash, and ether extract (EE) in ethanol coproduct samples. 
For this purpose, 124 samples from different regions of the country were 
used. The wet coproducts underwent preliminary drying in a forced-air 
oven (55°C for 48 hours). All samples were ground in a Wiley mill with 
a 1 mm screen and analyzed in a NIRS spectrophotometer (1100–2500 
nm). The data were divided into calibration (80%) and validation (20%) 
sets using the Kennard–Stone algorithm. Statistical processing and visua-
lization of data distribution were performed using Python (v.3.13) via 
the Google Colab platform, and calibration and validation models were 
developed via Partial Least Squares (PLS) regression. Calibration results 
for CP (n_cal = 96; LV = 7; R²c = 0.99; RMSEC = 0.88%) and ash (n_cal = 
92; LV = 11; R²c = 0.93; RMSEC = 0.67%) proved to be robust. In the va-
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lidation, CP (n_val = 25; R²v = 0.98; RPD = 7.43; RER = 29.33) confirmed 
excellent results and ash (n_val = 25; R²v = 0.86; RPD = 2.69; RER = 10.41) 
showed good predictive capacity. However, for EE, the indices obtained 
in calibration were acceptable (n_cal = 89; LV = 4; R²c = 0.78; RMSEC = 
1.10%), although validation performance was unsatisfactory (n_val = 25; 
R²v = 0.00; RPD = 1.01; RER = 4.28), indicating that the variability or che-
mical nature of this fraction challenges the accuracy of the current model. 
It is concluded that NIRS is an accurate and reliable tool for the quality 
control of CP and ash in corn ethanol coproducts, although the model for 
EE requires an expanded database to become applicable.

Keywords: Animal nutrition; Accuracy; Calibration; Quality control; Spectroscopy

Table 1. Calibration and validation of chemometric models for  
characterizing ethanol coproduct variables

Items
Calibration Validation

LV nc R2c RMSEC nv R2v RPD RER
CP, %DM 7 96 0.99 0.88 25 0.98 7.43 29.33
Ash, %DM 11 92 0.93 0.67 25 0.86 2.69 10.41
EE, %DM 4 89 0.78 1.10 25 0.00 1.01 4.28

DM: Dry Matter; CP: Crude Protein; Ash; EE: Ether Extract; LV: Latent Variables; nc: number of samples in the cali-
bration set; R2c: coefficient of determination; RMSEC: Root Mean Square Error of Calibration; nv: number of samples 
in the validation set; R2v: coefficient of determination of validation; RDP: Ratio of Performance to Deviation; and RER: 
Range Error Ratio


