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This study evaluated the effects of dietary guarana (Paullinia cupana var. sorbilis)
powder as a feed additive for finishing pigs. A 12-day digestibility trial was conducted
with 20 barrows (61.8 + 1.9 kg) distributed in a randomized block design with four
dietary inclusion levels of guarana (0%, 1%, 2%, and 4%). In addition, a 30-day
performance trial was conducted, with 96 pigs assigned to diets containing 0%, 1%,
2%, and 3% guarana. The growth performance parameters, including the average
daily feed intake (ADFI), the average daily gain (ADG), and the gain-to-feed (G/F)
ratio, as well as the carcass traits, were evaluated. Guarana inclusion did not affect
the apparent digestibility coefficients of dry matter, crude energy, or crude protein
(p > 0.05). However, increasing dietary guarana levels significantly affected growth
performance, with linear reductions in ADFI and ADG (p < 0.05), while the G/F ratio
increased linearly. Quadratic responses were observed for hot carcass yield, cold
carcass yield, loin eye area, and fat-to-meat ratio. These results indicate that guarana
supplementation influences the growth performance and carcass characteristics of
finishing pigs, but does not improve the overall productive performance under the
conditions evaluated.

KEYWORDS
digestibility, finishing pigs, growth performance, Paullinia cupana, phytogenic additive

1 Introduction

The finishing phase can correspond to the period of highest cost in pig production,
accounting for up to 65% of the total production costs (Lopez-Verge et al., 2018). During
this stage, pigs reach heavier body weights, accompanied by a reduced feed efficiency and an
increased fat deposition in the carcass, which may result in poorer performance and higher
production costs (Marcolla et al., 2017). Thus, the search for strategies to improve nutrient
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utilization during the grow-finish period remains a constant
objective in swine production (Jia et al., 2021).

Phytogenic feed additives, which include plant-derived
bioactive compounds such as flavonoids, alkaloids, and tannins,
have been identified as promising alternatives in animal nutrition
due to their beneficial effects on intestinal health, antioxidant status,
and nutrient digestibility (Moreira et al., 2002; Ntsongota et al.,
2025). These compounds have been associated with improvements
in growth performance, animal health, reproductive outcomes, and
product quality while also contributing to reductions in
environmental emissions and toxicity (Moreira et al., 2002; Liu
et al., 2026).

Guarana (Paullinia cupana var. sorbilis), a fruit native to the
Amazon rainforest, has been reported in scientific studies as a plant-
based food with health-promoting properties, particularly due to its
antioxidant and anti-inflammatory eftects (Silveira et al., 2018). It is
characterized by high contents of methylxanthines, mainly caffeine,
which is known for its potential effects on the central nervous
system, as well as theobromine and theophylline (Teixeira de
Azevedo et al., 2025). Guarana powder is also rich in
polyphenols, mainly catechins and epicatechins, which exhibit
strong antioxidant and anti-inflammatory properties (Teixeira de
Azevedo et al., 2025). Majority of the guarana produced for
commercial purposes is purchased by companies in the beverage,
pharmaceutical, and cosmetic industries or exported to European
and North American markets (Silva Junior et al., 2024).

Despite its richness in compounds with antioxidant,
antimicrobial, anti-inflammatory, and neurostimulant properties,
its application in animal production, particularly in swine nutrition,
remains largely unexplored. Although guarana has been
traditionally used and widely applied in the food and
pharmaceutical industries, its use as a functional additive in pig
nutrition is still limited. Considering its bioactive compounds and
their potential effects on animal metabolism and performance, it
becomes relevant to investigate its inclusion in finishing diets.
Therefore, the present study aimed to evaluate the effects of
dietary supplementation with guarana powder (P. cupana var.
sorbilis) on finishing pigs through analysis of the digestibility, the
zootechnical performance, and the economic feasibility of the use of
this additive.

2 Materials and methods

The Animal Ethics Committee of Federal University of
Fronteira Sul approved the study (approval no. 23205.001024/
2018-12). All animal manipulations were performed according to
the Brazilian Code for the Care and Use of Animals for Scientific
Purposes and reported in proportion to the guidelines and
regulations of Animal Research: Reporting of In Vivo
Experiments (ARRIVE).

2.1 Digestibility trial

The digestibility trial was conducted at the Laboratory of Animal
Nutrition (LANA), Center for Nuclear Energy in Agriculture,
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University of Sio Paulo (CENA/USP), Piracicaba, Sdo Paulo, Brazil.
The facilities were equipped with metabolic cages, thermometers for
temperature monitoring, fans, precision scales, greenhouses, freezer,
and a water and electrical energy structure.

A total of 20 barrows of high genetic potential from the
commercial Topigs® strain were used, with an average age of 110
days and an initial average live weight (LW) of 61.8 + 1.9 kg. The
animals were individually housed in metabolic cages and distributed in
a randomized block design, with blocks defined according to the initial
body weight of the animals. Four dietary treatments were evaluated
(0%, 1%, 2%, and 4% guarana inclusion), with five replicates (blocks)
and one animal per experimental unit (cage).

The guarana used in this research contained 5% caffeine in its
composition and was purchased from the Linea Verdes Alimentos
Ltd., CNPJ 03. 291.625/0001-48, headquartered in the city of
Curitiba-PR (Brazil). The method of total collection of feces was
adopted (Sakomura and Rostagno, 2016) using 2% ferric oxide
(Fe,O3) as a marker of the beginning and end of the collection
period. The aforementioned experiment lasted 12 days, 7 days for
the animal’s adaptation to the experimental environment
(metabolic cages) and experimental diets and 5 days for the total
collection of feces. The diets used were formulated following the
recommendations of Rostagno et al. (2024). Experimental diets
were fed twice a day (0800 and 1600 hours), and water was given
ad libitum.

On the first day of the digestibility experiment, after housing,
the 20 pigs received 500 g of the experimental feed according to
each treatment. From day 1 to day 7 of adaptation, water was
supplied ad libitum and the feed provided gradually, always
following the voluntary consumption of each animal within each
block, as the controlled consumption was aimed at estimating the
restricted consumption for total collection of feces. In the days
following the completion of the adaptation phase, the animals
received their feed twice a day at 8:00 a.m. and at 4:00 p.m. and a
water supply ad libitum.

The feed was weighed daily in plastic bags and supplied according
to the consumption of each animal in each block. After 1 h of feeding
the diet, each metabolic cage was checked for any leftovers; if so, the
leftovers were collected from the feeder with the help of a sponge to
ensure total removal and were placed in plastic bags, identified
according to the cage number and treatment, weighed on a precision
scale, and then registered. At the end of the adaptation phase, from the
record of the average feed consumption of each animal in the period, it
was possible to estimate the amount of daily feed that the animals
would receive in the following 5 days, i.e., the total collection of feces
phase. The index (I) was calculated for all animals; however, the lowest
value of I found for the calculation of restricted ration consumption
(RRC) (Equation 1) was adopted. The following calculation was
performed:

_ Average w days (kg)

RRC
(LiveWeight)®7

1

On day 8 of the digestibility experiment, the animals started to
receive the amount of feed to meet the restricted consumption
according to each block (Table 1). The amount of feed was divided
into two portions and provided daily at 8:00 a.m. and at 3:00 p.m.
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TABLE 1 Apparent digestibility coefficients of dry matter, gross energy, and crude protein in finishing pigs fed diets containing increasing levels of
powdered guarana.

Dietary guarana level (%) Variable
DC-DM (%) DC-GE (%) DC-CP (%)
0 88.16 88.36 88.24
1 87.08 86.62 84.90
2 87.72 88.86 85.98
4 86.66 87.40 82.62
CV (%) 3.75 225 3.12
p-value® NS NS NS
Effect® NS NS NS

DC-DM, digestibility coefficient of dry matter; DC-GE, digestibility coefficient of gross energy; DC-CP, digestibility coefficient of crude protein; CV, coefficient of variation.
“Probability of the effect of dietary guarana levels (significant at p < 0.05). Not significant (NS) (p > 0.05).

Effect denotes the linear (L) or quadratic (Q) effect of the guarana inclusion levels.

during the 5 days for total collection of feces. During the collection
period, feces were collected twice a day (8:30 a.m. and at 3:30 p.m.)
using two spatulas, paper towels, and plastic bags. After each
collection, the material was placed in a plastic bag, identified,
quantified on a precision scale, and frozen.

At the end of the feces collection period, the volume produced
per animal was placed in a plastic bucket, thawed, individually
homogenized according to each repetition of each treatment, placed
in an aluminum tray, identified, and then placed in an oven with
forced circulation air for drying at a temperature of 65°C for a
period of 72 h. After a period of 72 h, the samples were removed
from the oven and weighed again on a precision scale, obtaining the
dry weight of the samples. Afterward, the dried samples were finely
ground in a Wiley mill, passed through a 1-mm diameter sieve, and
sent for laboratory analysis. Samples were collected from the four
experimental rations (0%, 1%, 2%, and 4% inclusion of guarana)
and guarana for analysis similar to those for fecal samples carried
out according to the Association of Official Analytical Chemists
(AOAG, 2019).

With the results of the chemical analysis, it was possible to
calculate the digestibility coefficient (DC) for the total collection
method using Equation 2.

DC = Nutrient intake — Nutrient € feces

100 2
Nutrient intake @

From the results of the total feed intake based on dry matter
(DM) and chemical analysis, it was also possible to calculate the
apparent digestible energy of the feed using the equation proposed
by Matterson et al. (1965).

It is important to note that the digestibility trial included a
maximum guarana level of 4%, whereas the performance trial
evaluated inclusion levels up to 3%. The use of a higher level in the
digestibility assay was aimed at exploring the potential effects of a
broader range of guarana inclusion on nutrient utilization under
controlled intake conditions. However, for the performance trial, the
maximum inclusion level was limited to 3% to avoid excessive
reductions in voluntary feed intake that could compromise animal
welfare and growth performance. Therefore, caution should be exercised
when extrapolating the digestibility results obtained with the 4% diet to
the performance outcomes observed at the 3% inclusion level.

Frontiers in Animal Science

2.2 Performance trial and carcass traits

For the evaluation of performance, a total of 96 pigs (Topigs®)
with a starting weight of 73.3 + 1.40 kg were used for a 30-day
feeding trial. Finishing pigs were allocated randomly to four
treatment groups consisting of six replicate pens per treatment
with four pigs (two barrows and two gilts) per pen. The average
daily feed intake (ADFI), the average daily gain (ADG), and the
gain-to-feed (G/F) ratio were evaluated and calculated. The animals
were weighed weekly, from the beginning to the end of the
experimental period (73.3-95 kg/LW). The ADFI data were
obtained by daily recording of each repetition during the entire
experimental period (4 weeks). The G/F ratio was calculated from
the data on total intake and weight gain in the period considered.

At the end of the performance experiment period, the last weighing
of the animals was performed. Animals with LW closest to the average
of the blocks were selected, with a total of six animals from each
treatment (three males and three females), totaling 24 animals, which
were later transported to the inspected commercial slaughterhouse in
an appropriate vehicle. In the slaughterhouse, following all slaughter
procedures, the animals were stunned, bled, depilated, eviscerated, and
cut in half lengthwise. Subsequently, in the slaughter line, weighing of
the carcasses was carried out on a conveyor scale, thus obtaining the
weight of the hot carcasses. Subsequently, the half-carcasses were kept
in a cold chamber at 4°C for 24 h.

Analyses of the carcass traits were carried out according to the
carcass evaluation method (ABCS, 2014). The carcass length (CL)
was measured with the use of a tape measure, the average backfat
thickness (BT) was measured with the use of a caliper, and the loin
eye area (LEA) was obtained through a drawing made by outlining
the area of the longissimus dorsi muscle using appropriate material.
Similarly, a drawing was made to obtain the fat-to-meat ratio (F/MR)
of the animal carcass.

2.3 Statistical analysis

Data were submitted to analysis of variance, considering a
randomized block design experiment, using the GLM procedure
of SAS (2011). All data were tested for normality, homogeneity of
residual variances, and outliers. The degrees of freedom of the
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dietary guarana levels were decomposed into individual
components (linear and quadratic) using orthogonal polynomials.
The alpha level for the determination of significance was <0.05.

3 Results
3.1 Digestibility

The chemical composition of the experimental diets and the
calculated nutritional values are presented in Table 2. The apparent
DCs of DM, crude energy (CE), and crude protein (CP) are shown
in Table 1. The inclusion of guarana powder at levels of 0%, 1%, 2%,

10.3389/fanim.2026.1729844

and 4% did not affect (p > 0.05) the apparent digestibility of
nutrients in finishing pigs. No significant differences were
observed among treatments for the DCs of dry matter (DC-DM),
crude energy (DC-CE), or crude protein (DC-CP).

Regression analysis also indicated that increasing dietary
guarana levels did not produce significant linear or quadratic
responses for the digestibility variables evaluated. Therefore, the
apparent digestible energy (apDE) and the apparent digestible
protein (apDP) of the diets remained unchanged across treatments.

The mean DCs observed were approximately 87%-88% for DM,
86%-89% for CE, and 82%-88% for CP, indicating that the
inclusion of guarana powder did not impair nutrient utilization
by the animals. The absence of statistical effects suggests that

TABLE 2 Composition and calculated values of diets containing guarana (at 0%, 1%, 2%, and 4% levels) as an additive for finishing pigs in the
digestibility trial.

Ingredients Control

1% of guarana

2% of guarana 4% of guarana

Control diet

Corn (%) 81.41 81.11 80.31 77.73
Soybean meal, 45% (%) 14.95 14.25 14.05 14.02
Vitamin supplement® (%) 0.10 0.10 0.10 0.10
Dicalcium phosphate (%) 2.77 2.77 2.77 2.77
Guarana powder (%) 0.00 1.00 2.00 4.00
Salt (%) 0.36 0.36 0.36 0.37
L-Lysine, 78% (HCI) (%) 0.31 0.31 0.31 0.30
Mineral supplementb (%) 0.10 0.10 0.10 0.10
Soybean oil (%) 0.00 0.00 0.00 0.61
Total 100 100 100 100
Calculated values

Linoleic acid (%) 1.60 1.60 1.60 1.90
Caffeine (%) 0 0.05 0.10 0.20
Calcium (%) 0.76 0.76 0.76 0.76
ME (kcal/kg) 3100 3100 3100 3100
ADF (%) 3.84 3.84 3.84 3.81
NDF (%) 11.06 11.06 11.06 10.89
Crude fiber (%) 2.41 241 2.41 2.39
Available phosphorus (%) 0.60 0.60 0.60 0.60
Total phosphorus (%) 0.79 0.79 0.79 0.79
Fat (%) 2.92 292 292 3.46
Total lysine (%) 0.86 0.86 0.86 0.86
Total methionine + cystine (%) 0.48 0.48 0.48 0.48
Total methionine (%) 0.23 0.23 0.23 0.23
Crude protein (%) 13.83 13.83 13.83 13.83
Sodium (%) 0.18 0.18 0.18 0.18
Total threonine (%) 0.52 0.52 0.52 0.52
Total tryptophan (%) 0.14 0.14 0.14 0.14

ME, metabolizable energy; ADF, acid detergent fiber; NDF, neutral detergent fiber.

*Amount per kilogram of feed: vitamin A, 2,520 IU; vitamin D5, 540 IU; vitamin E, 9.9 IU; vitamin K3, 0.72 mg; thiamine, 404 pig; riboflavin, 1.98 mg; pyridoxine, 404 j1g; vitamin B,,, 8.1 pg; folic
acid, 225.2 ug; pantothenic acid, 6.3 mg; niacin, 12.6 mg; growth promoter, 10 mg; selenium (Se), 0.24 mg.

®Amount per kilogram of feed: copper (Cu), 9 mg; iron (Fe), 81 mg; iodine (I), 0.9 mg; manganese (Mn), 54 mg; zinc (Zn), 135 mg.
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guarana supplementation, within the levels evaluated, does not
interfere with the digestive processes of finishing pigs.

3.2 Growth performance

The performance and the carcass characteristics of finishing
pigs fed increasing levels of guarana powder are presented in
Table 3. Increasing dietary levels of guarana significantly
influenced the feed intake and growth performance variables. The
ADFI showed a quadratic response (p < 0.05), decreasing as the
dietary guarana levels increased: ADFI = 0.1533x”> —
0.6984x + 3.5069 (R> = 0.9878).

Similarly, the ADG was significantly affected (p < 0.05) by
guarana inclusion, presenting a decreasing linear trend. Animals
that received the control diet showed an ADG of 1.20 kg day_l,
whereas pigs fed the diet containing 3% guarana exhibited an ADG
0f 0.91 kg day ™. The regression equation describing the response of
ADG was: ADG = —0.2299x + 1.3334 (R* = 0.72).

In contrast, the G/F ratio increased linearly (p < 0.05) with
increasing guarana levels, reaching the highest value (3.00) in pigs
that received the diet with 3% inclusion. The regression equation
describing this relationship was: G/F = 0.0308x + 2.893 (R* = 0.8365).

Regarding the carcass traits, significant quadratic responses (p <
0.05) were observed for hot carcass yield (HCY), cold carcass yield
(CCY), LEA, and the F/MR. HCY showed a quadratic response to
guarana inclusion according to the equation: HCY = 3.0059x” —
8.9307x + 80.251 (R = 0.88).

This response indicates that intermediate inclusion levels
resulted in lower carcass yield, while the highest inclusion level
(3%) promoted a recovery in this parameter, reaching values close
to those observed in the control treatment. CCY also showed a
quadratic response: CCY = 2.4477x" — 7.0922x + 77.914 (R* = 0.94).

The highest mean value (78.92%) was observed in pigs fed the diet
containing 3% guarana. LEA was significantly affected by guarana

10.3389/fanim.2026.1729844

supplementation and presented a quadratic response described by the
equation: LEA = 3.719x” — 11.104x + 48431 (R® = 0.9936). The mean
LEA values were 48.27, 4143, 40.71, and 48.72 cm? for the diets
containing 0%, 1%, 2%, and 3% guarana, respectively.

Finally, the F/MR also showed a quadratic response according
to the regression equation: F/MR = —0.0223x” + 0.0436x + 0.3853
(R* = 0.9208). These results indicate that, although increasing
guarana levels reduced the feed intake and weight gain, the
additive influenced the carcass composition variables.

4 Discussion

Several factors influence pig performance from growth to
slaughter, including management, nutrition, health, genetics, and
environmental conditions (Heck, 2009). In this context, the
evaluation of alternative feed additives has become increasingly
relevant in swine production. However, studies investigating the use
of guarana powder (P. cupana var. sorbilis) as a dietary additive in
pig nutrition are still scarce. The present study demonstrated that
increasing levels of guarana inclusion significantly affected the
performance and carcass parameters, with linear and quadratic
responses observed among the evaluated variables.

The ADFI showed a quadratic decrease as the dietary guarana
levels increased. This response suggests that the incorporation of
guarana powder in the diets may have influenced the palatability of
the feed or the metabolic regulation of intake. Guarana is
characterized by a complex chemical composition that includes
several bioactive compounds such as methylxanthines (caffeine,
theophylline, and theobromine), tannins, gallic acid, saponins,
catechins, and epicatechins (Seidemann, 1998; Heard et al., 2006).
Many of these compounds can influence the sensory characteristics
of feed, particularly the bitterness and astringency.

TABLE 3 Growth performance and carcass traits of finishing pigs fed diets containing increasing levels (0%, 1%, 2%, and 3%) of powdered guarana.

Dietary guarana level (%)

Variable P-value® Effect® CV (%)
2

IBW (kg) 67.30 70.99 70.77 71.08 . - 9.36
FBW (kg) 97.50 95.99 9423 93.85 NS NS 9.10
ADFI (kg/day) 352 291 277 277 0.01 L 1196
ADG (kg/day) 1.20 1.00 0.94 091 0.01 L 1327
GIF 291 291 2.94 3.00 0.01 L 244
HCY (%) 79.69 75.73 73.01 80.98 0.01 Q 472
CCY (%) 77.61 74.03 72.76 78.92 0.01 Q 3.83
CL (cm) 96.00 98.00 96.00 96.00 NS NS 9.65
BT (mm) 13.00 13.10 12.10 1230 NS NS 2.18
BT-P2 (mm) 6.00 10.00 7,50 7.00 NS NS 9.64
LEA (cm?) 4827 4143 40.71 148.72 0.01 Q 96

F/MR 0.38 0.42 0.37 0.32 0.01 Q 9.64

IBW, initial body weight; FBW, final body weight; ADFI, average daily feed intake; ADG, average daily gain; G/F, gain-to-feed ratio; HCY, hot carcass yield; CCY, cold carcass yield; CL, carcass

length; BT, average backfat thickness; BT-P2, backfat thickness at point P2; LEA, loin eye area; F/MR, fat-to-meat ratio; CV, coefficient of variation.

*Probability of the effect of dietary guarana levels (significant at p < 0.05). Not significant (NS) (p > 0.05).
PEffect denotes the linear (L) or quadratic (Q) effect of the guarana inclusion levels.
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Phenolic compounds are known to contribute to the sensory
properties of foods, especially the flavor and astringency (Lesschaeve
and Noble, 2005). Therefore, the presence of these compounds in
guarana may have negatively affected the feed palatability, leading to
reduced voluntary feed intake by pigs. Swine possess a well-developed
gustatory system capable of detecting subtle changes in feed flavor,
which may result in reduced consumption when diets contain bitter
or astringent substances.

In addition to the sensory effects, the presence of tannins in
guarana may also have contributed to the observed reduction in
feed intake. Tannins are considered anti-nutritional compounds
because they can interact with proteins and other nutrients,
reducing their digestibility and availability (Tocchini et al., 1977).
Furthermore, salivary proteins can bind tannins and represent a
physiological defense mechanism against their negative dietary
effects (Skopec et al.,, 2004; Shimada, 2006). High dietary
concentrations of tannins have been associated with reduced feed
intake and impaired performance in several animal species.

Another factor that may explain the reduction in feed intake is
the high caffeine content of guarana. According to Edwards et al.
(2005), guarana has substantially higher caffeine concentrations
than several commonly consumed products, such as coffee, tea, and
cocoa. Caffeine is known to exert physiological effects on the
metabolism and energy expenditure. Previous studies have shown
that guarana supplementation can stimulate lipid metabolism and
promote body weight reduction in both humans and animals
(Boozer et al., 2001; Bérube-Parent et al., 2005; Lima et al., 2005).
Epidemiological studies have also suggested that regular guarana
consumption may be associated with a lower risk of obesity in
human populations (Krewer et al., 2011). In addition, caffeine has
been reported to increase the basal metabolic rate, which may
contribute to greater energy expenditure (Ruxton et al., 2007).

In the present study, the reduction in ADFI was accompanied
by a linear decrease in ADG, indicating that the lower feed
consumption directly affected growth performance. Despite this
reduction, the final body weight remained within the expected
range for finishing pigs. The reduction in the growth rate
observed in animals that received guarana may be partially
explained by the metabolic effects of caffeine. Caffeine inhibits
phosphodiesterase activity, resulting in increased intracellular
concentrations of cyclic adenosine monophosphate (cAMP),
which stimulates lipolysis and increases the availability of free
fatty acids as energy substrates.

Several studies have reported that caffeine intake can increase
the energy expenditure and stimulate the sympathetic nervous
system, thereby modifying energy metabolism and promoting
greater lipid oxidation (Acheson et al., 1980, 2004; Graham, 2001;
Leblanc et al., 1985). These physiological effects may partly explain
the reduction in growth performance observed in pigs receiving
diets containing guarana powder.

Despite the reduction in feed intake and weight gain, the G/F
ratio increased linearly with increasing levels of guarana inclusion.
This result indicates that animals receiving guarana consumed less
feed per unit of body weight gain, suggesting an improvement in
feed efficiency. One possible explanation for this effect is the
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potential influence of the bioactive compounds in guarana on
nutrient partitioning. According to Moser et al. (1986), lean tissue
deposition requires less energy than fat deposition, which may
result in improved feed conversion efficiency under certain
metabolic conditions.

In conventional swine production systems, G/F ratios typically
range between 2.5 and 3.0 when animals are fed corn-soybean meal
diets. The values observed in the present study are therefore
consistent with those reported under commercial production
conditions. Although no studies evaluating guarana
supplementation in pig diets were identified in the literature,
similar responses have been reported when alternative feed
ingredients containing caffeine-like compounds were used.
Oliveira (1999), for example, reported reductions in the feed
intake and weight gain when coffee husks were included in
finishing pig diets. Similar findings were also described by Parra
et al. (2008), who evaluated the inclusion of coffee by-products in
swine diets. These similarities suggest that the presence of caffeine
and other secondary metabolites in plant-derived ingredients may
influence the feed intake and growth performance in pigs.
Nevertheless, the metabolic effects of these compounds may also
influence the carcass composition and nutrient utilization.

Regarding the carcass characteristics, significant quadratic
responses were observed for HCY and CCY. The reduction observed
at intermediate inclusion levels followed by recovery at the highest level
suggests a nonlinear response of the carcass traits to guarana
supplementation. Oliveira (2005) reported that higher carcass yields
are often associated with increased fat deposition. However, this
pattern was not observed in the present study, since animals with
higher carcass yields did not necessarily present higher F/MR.

The potential influence of guarana on carcass traits may also be
related to the metabolic effects of caffeine. Caffeine has been shown
to stimulate lipolysis by increasing circulating catecholamines or by
antagonizing the action of adenosine, which normally inhibits fatty
acid oxidation (Goldstein et al., 2010). Furthermore, caffeine has
been widely described as a nutritional ergogenic compound capable
of influencing the energy metabolism and substrate utilization
(Almeida et al., 2009).

CCY was also affected quadratically by guarana inclusion.
Differences between HCY and CCY are expected due to
evaporative and drip losses during carcass chilling. According to
the Brazilian Association of Swine Breeders (ABCS, 2014, 2016), the
cold carcass weight is generally 0.8%-2.3% lower than the hot
carcass weight due to moisture loss during refrigeration. In the
present study, the highest CCY values were observed in animals that
received 3% guarana inclusion, which may reflect differences in the
carcass composition and body fat deposition.

No significant differences were observed for CL, BT, or BT at
the P2 point. These results suggest that guarana inclusion did not
substantially affect the structural development of carcasses.
However, the relatively low backfat values observed indicate
reduced fat deposition, which may be associated with the
metabolic effects of caffeine.

LEA was significantly affected by guarana inclusion, presenting
a quadratic response. Animals that received the highest inclusion
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level showed greater LEA values compared with those who had
intermediate levels. Guarana contains several alkaloids that are
structurally related to purines and xanthines, compounds that
play important roles in metabolic regulation (Tavares and Sakata,
2012). These compounds are capable of modulating various
physiological functions in animals (Guerra et al., 2000), which
may influence nutrient utilization and muscle deposition.

In this context, the metabolic effects of the bioactive compounds
in guarana may have contributed to the changes in carcass
composition, particularly through mechanisms related to lipid
mobilization and energy metabolism. Increased lipolysis and
preferential utilization of fatty acids as energy substrates may
favor lean tissue deposition, thereby contributing to greater LEA
in pigs receiving higher levels of guarana supplementation.

Finally, the F/MR also presented a quadratic response,
indicating that dietary guarana may influence fat deposition
patterns in finishing pigs. These results suggest that, although
guarana supplementation reduced the feed intake and growth
rate, it may also influence the metabolic pathways related to
energy utilization and carcass composition.

5 Conclusions

The inclusion of guarana powder in diets for finishing pigs did not
affect the apparent digestibility of DM, CE, or CP. However, increasing
dietary levels of guarana reduced the ADFI and ADG while increasing
the G/F ratio. In addition, quadratic responses were observed for HCY,
CCY, LEA, and F/MR. These results indicate that guarana
supplementation alters the growth performance and carcass traits of
finishing pigs, although it does not improve the overall productive
performance under the conditions evaluated.
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