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Abstract
Our objective was to determine whether the inclusion of pepper extract would improve health in suckling lambs, stimulating antioxidant
activity, and improving performance. We used Lacaune lambs distributed in four treatments, with four repetitions per treatment and
three lambs per repetition: control group (T0) and treatments T1, T2, and T3 that received 200, 400, and 800 mg/kg of pepper extract,
respectively. Groups T1 and T2 consumed more significant amounts of silage than group T0, and animals from group T1 consumed more
concentrate and, consequently, consumed more solids. The addition of pepper extract enhanced growth performance, with the lowest
dose (T1) giving rise to the most significant weight gain, average daily gain, and body weight, compared to T0. Regression analysis showed
that the optimum point for pepper extract supplementation was 301.5 mg/kg. The levels of total protein and globulins were significantly
higher for animals supplemented with pepper extract (day 28) than the control; the concentrations of albumin and urea increased over
time but did not differ significantly among treatments. Serum glucose levels decreased significantly over time; however, the groups
supplemented with pepper extract showed higher concentrations than group T0. The hematocrit was significantly higher in groups fed
pepper extract; hemoglobin concentrations were also more significant, increasing over time in both groups. The groups that consumed
the pepper extract had higher leukocyte counts due to greater lymphocytes and neutrophils. Levels of non-protein thiols increased sig-
nificantly over time, while lipid peroxidation levels decreased significantly in all groups. The concentrations of reactive oxygen species
significantly decreased in the serum of group T3 animals, those fed with pepper extract (day 28), compared to the control. In general, the
addition of pepper extract in lamb feed can enhance weight gain, increase antioxidant levels, and stimulate the production of leukocytes

and globulins in lambs.
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Sheep farming requires substantial research owing
to its continuous growth worldwide. The final products
from sheep, including milk and meat, are high-quality
and well-differentiated, both of which are characteristics
that add economic value (Magalhaes and Lucena, 2019).
Nevertheless, sheep farming is challenging because
these animals have high capacity and performance; how-
ever, their metabolism is accelerated (mainly in the early
stages), and inadequate management can lead to major
production problems (Cazarotto et al., 2018; Molosse et
al., 2019; Cécere et al., 2019). When raising dairy sheep,
lambs are taken from their mothers to optimize milk
production; the most significant challenge is to develop
heavier animals at weaning. Sheep farmers engage in
a great deal of milk replacer (Hernandez-Castellano et
al., 2015). Lambs in the early stages can be affected by
endoparasites and ectoparasites and present severe cases
of diarrhea, which may be due to unhealthy or poorly sup-
plied diets, the inadequate temperature of the milk pro-

vided, contaminated feed substitutes, or even problems
that the facilities may affect the animals (De Oliveira et
al., 2013). The growth in demand for sheep meat, associ-
ated with the product’s sale price, is of particular interest
to sheep producers concerned with producing high-qual-
ity sheep (Marcon et al., 2021). This means avoiding the
production of heavier animals and requires slaughter at
early ages while maintaining quantity and quality (Paim
etal., 2011; Marcon et al., 2020).

Concerns regarding using antibiotics as performance
enhancers in animal feed are well known; indeed, the
consumer market has come under substantial pressure to
ban these compounds. In Europe, growth promoters have
already banned them for several years (Rizzo et al., 2010;
Santos et al., 2009). Herbal extracts, essential oils, phy-
tobiotics, and phytogenics are natural additives that par-
tially or even equivalently potentiate growth (Stevanovic
et al., 2018). Pepper belongs to the genus Capsicum. Its
extract contains oleoresins, characterized by a complex
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source of bioactive properties, in which the most com-
prehensive active component is capsaicin (8-methyl-N-
vanillyl-trans-6-nonenamide) (Wesolowska et al., 2011).
These phenolic compounds in pepper give rise to capsai-
cinoids (Jarupan et al., 2018).

In animals, the active components of pepper exert an-
tioxidant (Pinto et al., 2013; Ochi et al., 2003), antibacte-
rial (Gu et al., 2019), and anti-inflammatory effects, as
well as stimulating consumption (Santos et al., 2009), in-
creasing amino acids (Rizzo et al., 2010), and protecting
the liver from damage (Hassan et al., 2012). Pepper ex-
tract demonstrates beneficial and positive results for ru-
minants (Cunha et al., 2020) and non-ruminants (Jarupan
et al., 2018), both related to the health of the animals and
the level of their performance. Several studies use capsai-
cin in blends, mixtures with other vegetable compounds
to exploit the synergism that these compounds present,
enhancing their biological functions (Jamroz et al., 2003;
Frankic et al., 2010; Castillo et al., 2012). Based on the
functional properties of pepper extract, the objective of
the present study was to determine whether pepper ex-
tract would improve performance in infant lambs and
improve biochemical characteristics, antioxidant, and
immune responses. We hypothesized that the powdered
pepper extract in the diet in suckling lambs would im-
prove during weaning, favoring even earlier weaning and
a consequent decrease in production costs without harm-
ing lamb health.

Material and methods

Pepper extract

The feed additive used in this study is a commercial
product based on pepper extract (Capsin®; Nutriquest).
The chemical composition of the pepper extract was ana-
lyzed according to AOAC (2000) as follows: dry mat-
ter (920 g/kg), ether extract (444 g/kg), crude protein
(64.4 g/kg), neutral detergent fiber (293 g/kg), and acid
detergent fiber (229 g/kg). The quantification of capsai-
cin in the pepper extract was performed using gas chro-
matography (Pefia-Alvarez et al., 2009), giving a concen-
tration of 5.0 g/kg.

Facilities and animals

The experiment was carried out on a property in
Chapec6-SC (Southern Brazil), where 48 suckling La-
caune lambs were used, 30 days old with an average
weight of 9.8 kg, housed in a hut-type shed. The stalls
(1.2 x 1.5 m) were equipped with water and feed troughs,
with three animals per pen. We used lambs at 30 days
old because pepper extract was added to the concentrate,
a feed that is consumed in substantial quantities during
this phase. The newborn lambs spent approximately
8 to 12 hours with their mothers and were then placed in
collective pens. Between days 1 to 29 of life, the farmer
provided the animals with sheep’s milk (1 L/day) and
a small amount of concentrate in the feeder to start and

encourage the consumption of this feed; we used lambs at
30 days old because the supply of this feed was increased
according to consumption; however, there is a significant
variation in the amount of concentrate consumed until
the 30 days of life of these animals.

Experimental design and food consumption

The experimental period was 28 days. The lambs
were randomly assigned to four groups, four replicates
per treatment and three lambs per repetition. The groups
were identified as control (T0) for animals that did not
receive supplementation with pepper extract; group T1
were lambs that received 200 mg of powdered pepper
extract/kg of concentrate; group T2 received 400 mg of
powdered pepper extract’kg of concentrate; and group
T3 received 800 mg of powdered pepper extract/kg of
concentrate.

Table 1. Chemical composition of corn silage and basal concentrate
used in the study

Items' Corn silage Basal concentrate?
Dry matter (DM) (%) 31.8 88.6
Crude protein (CP) (% DM) 7 22
EE (% DM) 42 3.5
NDF (% DM) 38.2 12.1
ADF (% DM) 21.6 6.2
TDN? (% DM) 73.7 77.6

'DM (dry matter), CP (crude protein), EE (ethereal extract), NDF (neu-
tral detergent fiber), ADF (acid detergent fiber) and NDT (total digestible
nutrients).

Ingredients present in 100 kg of concentrate: ground corn (650 g/kg),
soybean flour (300 g/kg) and pre-mixture (50 g/kg). The pre-mixture con-
tained (concentration/kg): calcium min. 180 max. 220 g; phosphorus min.
32 g; sodium min. 40 g; sulfur min. 20 g; magnesium min. 20 g; cobalt min.
16 mg; iodine min. 17 mg; manganese min. 420 mg; selenium min. 730 mg;
zinc min. 730 mg; fluoride max. 600 mg; niacin min. 500 mg; vitamin A
min. 95.000 IU; vitamin D min. 20000 IU; vitamin E min. 350 IU; sodium
monensin 1200 mg; Saccharomyces cerevisiae 2.1 x 10° CFU.

*Calculated as described by Weiss et al. (1992).

The feeding of these animals consisted of a liquid
diet of sheep’s milk (1 liter per day, divided into two
time points: 8:00 am and 5:00 pm), associated with com-
mercial protein concentrate proportional to 2.5% of live
weight (available to animals twice a day, immediately af-
ter milk intake) and corn silage ad libitum. The amount
of concentrate supplied was based on the average weight
of the animals in each stall. The ingredients are displayed
in Table 1.

The consumption of concentrate was total. That is,
100% of the supplied was consumed in all treatments
throughout the experiment. The amount of silage con-
sumed was measured at the end of the experiment (days
25, 26, 27, and 28) when the volume added to the feed-
er was weighed several times a day to avoid waste (the
feeder was not without silage) and at the end of each day,
the remainder was weighed. With this information and
the average daily weight gain in this phase, the food ef-
ficiency of each treatment was calculated.
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Animal body weight and sample collection

The lambs were weighed on days 1, 7, 14, 21, and
28 of the experiment using a digital scale. Blood sam-
ples were taken on days 1, 15, and 28 of the experiment,
a sample taken from the jugular vein. Whole blood was
collected in two tubes: a) one without anticoagulant to
obtain serum and b) another with EDTA as an antico-
agulant for a blood count. The blood collected in tubes
without anticoagulant was centrifuged at 3500 rpm for 10
minutes, and the serum was stored frozen (—20°C) until
analysis. The analyses coincided 30 days after the end of
the experiment.

Feed samples (corn silage and concentrate) were col-
lected in three experimental periods (day 1, 14, and 28),
stored under freezing conditions. At the end of the exper-
iment, a pool was made of the three samples collected,
which were used for chemical composition analysis.

Laboratory analyses

Feed analyses

In the laboratory, the samples (pool) were pre-dried
in a forced-air oven at 55°C for 72 hours, then removed
from the oven and weighed again to determine the par-
tial dry matter content, followed by grinding in a Wiley-
type mill (Marconi, model: MA340), using a 1-mm mesh
sieve. The pre-dried and ground samples were subjected
to heating at 105°C to obtain DM, and later to obtain the
mineral material in a muffle at 600°C (Silva and Quei-
roz, 2002). CP was determined by the micro-Kjeldahl
method (Method 984.13, AOAC, 1997). To determine
the levels of neutral detergent fiber (NDF), the samples
were packed in polyester bags (Komarek, 1993) and were
treated with a neutral detergent solution in an autoclave
at 110°C for 40 minutes (Senger et al., 2008); for concen-
trate samples, we included a-amylase (Mertens, 2002).
The concentrations of acid detergent fiber (ADF) were
determined according to AOAC (1997, method 973.18).
Tests were performed in triplicate, and results are pre-
sented in Table 1.

Serum biochemistries

The levels of total protein, albumin, urea, glucose,
triglycerides, and cholesterol were measured in a semi-
automatic analyzer (BioPlus 2000®) using commercial
kits (Analisa®, Analisa Diagnostica, Belo Horizonte, Bra-
zil), according to the manufacturer’s recommendations.
Globulin levels were obtained using the formula: total
protein — albumin.

Hemogram

The number of erythrocytes and total leukocytes and
the hemoglobin concentration (Hb) were measured us-
ing an automatic Celm® 530 analyzer. The hematocrit
was obtained after capillary centrifugation (1000 rpm in
5 minutes). Blood smears were stained with commercial
stain (Romanowsky method) for the leukocyte differ-
ential, and a 1000x magnification light microscope was
used to process the results (Feldman et al., 2000). The
complete blood count analysis was performed within 2 h
after sample collection.

Oxidant and antioxidant status

Plasma levels of reactive oxygen species (ROS) were
analyzed using the method described by Ali et al. (1992).
A volume of 10 pL of plasma was incubated with 12 pL
of dichlorofluorescein (DFC) per ml at 37°C for 1 h in
the dark. Fluorescence was determined using 488 nm for
excitation and 520 nm for emission. The results were ex-
pressed as U DCF/mg protein.

Serum lipid peroxidation was measured as the amount
of thiobarbituric acid reactive substances (TBARS) ac-
cording to Jentzsch et al. (1996). The reaction was read in
a spectrophotometer at 535 nm. The result was expressed
as nmoles malondialdehyde/ml of serum.

To measure non-protein thiols (NPSH), the method
using 5,5-dithiobis-(2-nitrobenzoic acid) (Sigma) was
based on Sedlak and Lindsay (1968). The determination
of the NPSH content in the samples was measured after
deproteinization with trichloroacetic acid (TCA 50%).
The absorbance readings (405 nm) were performed using
a spectrofluorometer (Biotek, Synergy HT).

Glutathione S-transferase (GST) activity was meas-
ured according to Mannervik and Guthenberg (1981),
with modifications. GST activity was measured as
the formation rate of dinitrophenyl-S-glutathione at
340 nm in a medium containing 50 mM potassium phos-
phate, pH 6.5, 1 mM GSH, 1 mM 1-chloro-2,4-dini-
trobenzene (CDNB) (approximately 0.045 mg protein).
The results were calculated and expressed as U GST/mg
protein.

Statistical analysis

All data were analyzed using the MIXED procedure
of SAS (SAS Inst. Inc., Cary, NC, USA; version 9.4),
with the Satterthwaite approximation to determine the
denominator degrees of freedom for the test of fixed
effects. The weight gain and average daily gain were
tested for fixed effects of treatment and using pen (treat-
ment) and animal (pen) as random variables. All other
variables (body weight, serum biochemistries, hemo-
grams, and antioxidant variables) were analyzed as
repeated measures and tested for fixed effects of treat-
ment, day, and treatment X day, and using pen (treat-
ment) and animal (pen) as random variables. All results
obtained on d1 for each variable were also included as
covariates; however, the command for covariate was re-
moved from the model when P>0.05. The compound
symmetric covariance structure was selected BW; the
Toeplitz covariance structure was selected for serum
concentration of glucose and hematocrit, neutrophils,
and eosinophils; and the first-order autoregressive co-
variance structure was selected for all other variables.
The covariance structures were selected according to
the lowest Akaike information criterion. Means were
separated using PDIFF, and all results were reported
as LSMEANS followed by SEM. Regression analysis
using weight gain during the trial period assessed the
linear, quadratic, and square root effects. Significance
was defined when P<0.05.



734

B.G. de Oliveia Cécere et al.

Results

Growth performance and feed consumption

The performance results are shown in Table 2. Effects
of treatment (P = 0.01), day (P = 0.01,) and the treat-
ment versus day (P = 0.01) interaction were observed
for weight gain, and animals supplemented with pepper
extract had higher body weight on day 28 of the experi-
ment. Among the dosages of the extract used, lambs from
T1 obtained greater live weight on day 28 compared to
animals in groups T2 and T3. Over time, we found that
lambs in the T1 group showed more significant weight
gain (days 1 to 14; 1 to 28) than the other treatments (P =
0.01). The animals supplemented with pepper extract had
higher average daily weight gain (DWG) (P=0.01) (days
1 to 14; 1 to 28) when compared to TO lambs. Among the
dosages used, lambs T1 had greater DWG (days 1 to 14;
1 to 28) when compared to groups T2 and T3.

There was no linear (P = 0.39) or quadratic (P =
0.053) effect for weight gain; however, a square root ef-
fect was observed (P = 0.049). Therefore, the optimum
point for pepper extract supplementation was 301.5 mg/
kg (R*=0.26).

Lambs from T1 and T2 consumed a greater amount of
silage at the end of the experiment (Table 2), and lambs
from T1 greater amounts of concentrate and consequent-

ly greater amounts of solid diet (silage + concentrate)
(Table 2).

Metabolism

The results of the serum biochemistries are presented
in Table 3. There was a decrease in albumin levels in the
T2 group (day 28) and an increase in the T3 group (day
28). The total protein concentrations in the serum affect-
ed the day (P =0.01) and the interaction treatment versus
day (P=0.01). Lambs T1, T2, and T3 had higher concen-
trations on day 28; however, animals in the T2 and T3
groups showed higher concentrations on day 28 than T0.
For serum globulin levels, effects of the day (P = 0.01)
and in the treatment versus day interaction (P = 0.03)
were detected, suggesting that lambs supplemented with
pepper extract had higher levels of globulins compared
to TO (day 28). There were effects of the day (P =0.01)
for urea levels, where both groups rose over time. There
were effects of the day (P = 0.01), and the treatment-day
interaction (P = 0.01) for serum glucose concentrations,
i.e., lambs T1, T2, and T3 showed higher concentrations
on day 28 compared to TO; however, over time, glucose
levels tended to decrease for groups supplemented with
pepper extract; however, compared to TO, the treated
groups remained at higher levels. No difference for the
variables cholesterol and triglycerides was detected.

Table 2. Growth performance of lambs supplemented with pepper extract mixed in the concentrate

Treatments' P-value
Variables C Tl ™ e SEM U eat | day “Z:;X
Body weight (kg) 0.01 0.01 0.01
d1 9.80 A 9.69 A 9.76 A 993 A 0.21
d7 11.27B 11.82B 11.47B 11.63 B 0.21
d14 13.02 Cb 13.89 Ca 13.43 Ca 13.63 Ca 0.21
d21 14.86 Dc 16.37 Da 15.43 Db 15.76 Db 0.21
d2s8 17.23 Ec 18.80 Ea 18.05 Eb 18.23 Eb 0.21
Average 1324 ¢ 1411 a 13.63b 13.83 ab 0.16
Weight gain (kg)
dlto14 322¢ 421a 3.67b 371b 0.18 0.01
d141t028 4.21 491 4.61 4.59 0.23 0.22
d1to28 742 ¢ 9.11a 8.28 b 8.30b 0.33 0.01
Average daily gain (kg/d)
dlto14 0.230 ¢ 0.300 a 0.262 b 0.265b 0.01 0.01
d141t028 0.300 0.350 0.329 0.328 0.02 0.22
d1to28 0.265 ¢ 0.326 a 0.296 b 0.296 b 0.01 0.01
Silage intake (g DM/lamb/day) 151.6 ¢ 2112 a 183.3 ab 175.3 be 3.14 0.01
Concentrate intake (g DM/lamb/day) 32750 388.8a 339.6b 313.0b 2.74 0.01
Total solid intake (g DM/lamb/day)? 479.1¢ 600.1 a 523.0b 488.4b 3.08 0.01

'The treatments T1, T2, and T3 represent the groups supplemented with pepper extract at doses of 200 mg/kg of concentrate, 400 mg/kg, and 800 mg/

kg, respectively. *Concentrate + silage per day (DM).
a—c — within a row, values without a common letters differ (P<0.05).
A-E — within treatment, values without a common letters differ (P<0.05).
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Table 3. Serum biochemistry of lambs supplemented with pepper extract mixed in the concentrate

Variables Treatments' SEM P—value
C T1 T2 T3 treat | day | treat x day
Albumin (g/dL) 0.50 0.01 0.15
d1 2.67B 2.95 283 A 2.89B 0.19
d1s 3.07AB 2.73 2.58 AB 2.82B 0.21
d2s8 337A 2.75 244B 341A 0.19
Average 3.03 2.81 2.95 3.04 0.12
Globulin (g/dL) 0.43 0.01 0.03
d1 3.04 299B 3.03B 3.03B 0.41
d15 3.16 326B 296 B 3.15B 0.45
d28 320 ¢ 4.46 Aa 4.43 Ab 4.78 Ab 0.41
Average 3.13 3.57 3.48 3.65 0.23
Total protein (g/dL) 0.46 0.01 0.01
dl 5.75 590B 5.86 B 5.89B 0.39
d15 6.27 595B 5.56 B 5.94B 0.39
d28 6.60 ¢ 7.17 Abe 7.87 Aa 8.16 Ab 0.30
Average 6.21 6.34 6.43 6.67 0.21
Urea (mg/dL) 0.23 0.01 0.57
dl 2991 B 30.52B 30.47B 30.60 B 4.00
d15s 5241 A 60.36 A 51.64 A 55.10A 4.00
d28 53.07A 67.36 A 54.64 A 54.60 A 4.00
Average 45.13 52.75 45.58 46.77 2.85
Cholesterol (mg/dL) 0.23 0.41 0.37
dl 81.12 76.98 78.99 81.07 9.30
d15 96.95 98.82 73.83 75.23 9.30
d28 101.29 90.82 76.16 75.07 9.30
Average 93.12 88.87 76.33 77.13 6.86
Triglycerides (mg/dL) 0.85 0.86 0.74
dl1 52.97 48.51 53.88 51.09 6.69
d15 60.30 54.71 44.05 52.59 6.69
d28 48.47 52.71 51.88 48.09 6.69
Average 53.91 51.97 49.94 50.60 4.12
Glucose (mg/dL) 0.31 0.01 0.01
d1 119.55 A 111.45A 117.69 A 106.97 A 5.24
d1s 85.05B 90.78 B 88.36 B 93.81 B 5.24
d28 68.05 Cc 87.61 Bab 81.02 Bb 97.47 ABa 5.24
Average 90.89 96.61 95.69 99.42 3.09

IThe treatments T1, T2 and T3 represent the groups supplemented with pepper extract at doses of 200 mg/kg of concentrate, 400 mg/kg, and 800 mg/

kg, respectively.
a—c — within a row, values without a common letters differ (P<0.05).
A—C — within treatment, values without a common letters differ (P<0.05).

Hemogram

The results of hematological parameters are shown
in Table 4. Effects were detected for interaction between
treatments (P = 0.03) and day (P = 0.01) for the hemato-
crit variable. T2 lambs showed higher hematocrit when
compared to TO. Effects of the day (P = 0.01) were de-
tected for the erythrocyte count, where lambs T2 and
T3 decreased over time. There were effects of treatment
(P=0.01) and treatment versus day interaction (P =0.01)

for leukocyte counts. Lambs in groups T2 and T3 had
the highest counts of these cells (day 15) compared to
T1 and TO. In all treatments supplemented with pepper
extract, counts were higher (day 28) concerning TO0, and
on average, counts in lambs in groups T2 and T3 were
also significantly higher than those of T1. There were ef-
fects between treatments (P = 0.01), the day (P = 0.02)
and the treatment versus day interaction (P = 0.02) for
neutrophil counts. Lambs in groups T2 and T3 showed
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higher counts of neutrophil compared to animals from
TO and T1, with group T2 (day 15) being superior, fol-
lowed by lambs T3 (day 28) compared to group T1 and
TO. We detected effects on treatments (P = 0.03), on day
(P =0.03) and on the treatment versus day (P =0.01) in-
teraction for lymphocyte counts. Groups T2 and T3 had
higher counts compared to T1, which in turn were greater

than TO. Lambs in groups T2 and T3 had higher numbers
of lymphocytes on day 15. On day 28, animals supple-
mented with pepper extract showed higher lymphocyte
counts compared to TO. There were no effects between
treatment, day, and treatment x day interaction for mono-
cytes or eosinophils.

Table 4. Hemogram of lambs supplemented with pepper extract mixed in the concentrate

Treatments' P—value
Variables SEM
C T1 T2 T3 treat | day | treat X day

Hematocrit (%) 0.03 0.01 0.37
dl 27.69 B 28.83 B 30.13B 30.86 B 0.87
d1s 32.03A 33.17A 35.13A 31.86 B 0.87
d28 33.80 A 34.16 A 3453 A 3453 A 0.87
Average 31.19¢ 32.05 be 3326a 32.42 ab 0.44

Hemoglobin (g/dL) 0.44 0.01 0.68
dl 9.09B 8.97B 9.29B 9.49B 0.25
d1s 10.51 A 10.99 A 11.16 A 10.68 A 0.27
d28 10.92 A 11.29 A 11.31A 11.27 A 0.26
Average 10.17 10.42 10.59 10.48 0.17

Erythrocytes (x10°uL) 0.95 0.01 0.46
dl 8.79 AB 9.08 AB 9.61 A 9.57 0.62
d1s 9.95A 9.74 A 8.93 AB 8.76 0.62
d28 7.80 B 8.31B 7.65B 8.36 0.62
Average 8.85 9.04 8.73 8.90 0.40

Leukocytes (x10° pL) 0.01 0.42 0.01
dl 14.06 14.51 15.87 15.85 1.87
d1s 9.66 b 11.46 b 17.50 a 1537 a 1.87
d28 9.58 ¢ 1524 a 17.09 b 17.13 b 1.87
Average 11.10 ¢ 13.74 b 16.82a 16.12 a 1.09

Neutrophils (x103/uL) 0.01 0.02 0.02
dl 4.10 3.86 430C 4.16C 0.69
d1s 3.07¢ 4.02¢ 8.48 Aa 5.94 Bb 0.69
d28 337¢ 5.14b 6.38 Bab 6.80 Aa 0.69
Average 351b 434D 6.39a 5.64a 0.39

Lymphocytes (x10%/uL) 0.03 0.03 0.01
d1 931A 9.99A 11.64 11.15 1.30
d1s 5.81 Bb 6.75 Bab 10.68 a 8.66 a 1.30
d2s8 5.84 Bb 9.51ABa 9.90 a 9.64 a 1.30
Average 6.99 ¢ 8.75b 10.74 a 9.82a 0.75

Monocytes (x10%/uL) 0.07 0.66 0.06
dl 0.54 0.57 0.66 0.64 0.09
d1s 0.43 0.47 0.75 0.53 0.09
d28 0.39 0.59 0.58 0.71 0.09
Average 0.45 0.54 0.66 0.62 0.10

Eosinophils (x10%/uL) 0.84 0.50 0.42
dl 0.16 0.05 0.05 0.04 0.07
d1s 0.06 0.12 0.19 0.19 0.07
d28 0.03 0.09 0.12 0.13 0.07
Average 0.08 0.09 0.12 0.12 0.04

IThe treatments T1, T2 and T3 represent groups supplemented pepper extract at 200 mg/kg, 400 mg/kg, and 800 mg/kg of concentrate, respectively.
a—b — within a row, values without a common letters differ (P<0.05).
A—C — within treatment, values without a common letters differ (P<0.05).
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Table 5. Serum antioxidant response of lambs supplemented with pepper extract mixed in the concentrate

Variables! Treatments? SEM P-value
C T1 T2 T3 treat | day | treat X day
GST (umol CDNB/min) 0.25 0.11 0.34
d1 40.57 50.77 49.27 4522 7.21
d1s 62.90 38.17 40.65 40.18 7.21
d2s8 43.60 29.97 34.43 30.86 7.21
Average 49.02 39.63 41.45 38.75 3.90
Thiols (mmol NPSH/mL) 0.73 0.01 0.45
d1 0.026 B 0.026 B 0.026 B 0.026 0.002
d1s 0.032 A 0.031 A 0.027 B 0.029 0.002
d28 0.029 AB 0.031 A 0.032 A 0.026 0.002
Average 0.029 0.029 0.028 0.027 0.001
ROS (U DCFA/uL) 0.12 0.32 0.05
dl 5297.94 3223.16 4966.61 4803.74 451.97
d15 4556.14 5808.86 5130.14 4492.86 451.97
d28 5184.49 a 4595.41ab  4756.23ab  3777.85b 451.97
Average 4816.50 4738.84 4951.00 4358.15 309.81
TBARS (Mmol MDA/mL) 0.66 0.03 0.86
dl 11.44 A 11.45A 10.75 11.44 0.76
d15s 9.72B 8.88 B 10.27 10.34 0.76
d28 10.40 AB 10.03 AB 11.01 10.94 0.76
Average 10.52 10.12 10.68 10.91 0.46

!GST (glutathione S-transferase), ROS (species reactive to oxygen), TBARS (substances reactive to thiobarbituric acid). >The treatments T1, T2, and T3
represent groups supplemented with pepper extract at 200 mg/kg, 400 mg/kg, and 800 mg/kg of concentrate, respectively.

a—b —within a row, values without a common letters differ (P<0.05).

A-B — within treatment, values without a common letters differ (P<0.05).

Oxidant and antioxidant status

The results of the oxidant and antioxidant status of
lambs supplemented with pepper extract are shown in
Table 5. Effects of the day (P = 0.01) were detected for
NPSH concentrations; T1 lambs showed that, over time,
there was an increase in levels (day 1 to 15; day 1 to
28), and for animals in group T2, the concentrations also
increased (day 1 to 30; 15 to 28). We found effects in the
treatment X day interaction (P = 0.05) in the ROS con-
centrations, with T3 showing lower concentrations (day
28) than TO. For TBARS, we found effects on the day (P
=0.01), i.e., we observed a decrease in T1 levels (days 1
to 15). We did not detect effects on the day, treatments, or
treatment X day interaction (P>0.11) for GST.

Discussion

The lowest dose of pepper extract (T1) resulted in
lambs with greater body weights, weight gain, and DWG,
which may have been related to higher feed consumption
in these animals. In dairy ewes, the addition of pepper
extract maintained lactation persistence in animals in the
final third of production (Cunha et al., 2020). When beef
cattle were supplemented with a product containing 1.1%
capsaicinoids a trend toward an increase in the average

daily gain of the animals was observed (Westphalen
et al, 2021). When lambs were supplemented with
300 mg/kg of pepper extract no difference was observed
in weight gain, average daily gain, or the consumption
of dry matter (Unlii et al., 2021); therefore, it does not
corroborate what was found in the study, which demon-
strates that 301.5 mg/kg of pepper extract according to the
regression is an ideal dose to enhance the performance of
lambs. However, when lambs were supplemented with
unprotected capsaicin an improvement was observed in
the consumption of dry matter and organic matter and
even greater digestibility of dry matter, organic matter,
indigestible fiber in neutral detergent, and indigestible
fiber in acid detergent, largely due to the modulation of
rumen fermentation that the capsaicin promoted in that
study (Alford et al., 2016). Al-Kassie et al. (2012) found
that the vitamin C present in pepper has an essential
function in assisting in the digestion of food, which can
explain the increase in lamb weight gain. Castillo et al.
(2006) used 1 g/d of capsicum extract (containing 15%
capsaicin) in beef heifers, and the animals showed higher
consumption of total solids (roughage: concentrate) con-
cerning other herbal extracts. In conjunction with the pre-
sent experiment, these findings confirm the hypothesis
that the active compound of pepper extract (capsaicin)
increases appetite and consumption and may improve
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animal performance (Zafra et al., 2003; Abd El-Hack
et al., 2019). In their study, Cunha et al. (2020) showed
that sheep that consumed pepper extract consumed more
water, which favors a greater consumption of food (si-
lage and concentrate) for the animals in our research, ex-
plaining the greater weight gain of lambs. These findings
found that these pepper compounds are solid candidates
for replacing performance-enhancing antibiotics.

Lambs supplemented with powdered pepper ex-
tract had higher glucose levels than lambs that did not
receive supplementation, but the levels were within the
normal range for this animal. This positive effect occurs
because glucose at ideal levels provides energy (ATP)
to the body (Hsu et al., 2016), and capsaicin increases
glucose uptake in muscle cells (Kim et al., 2013). When
supplementing lambs with a mixture of capsicum and an
artificial sweetener Chen et al. (2019) did not observe
differences in blood glucose levels, which is not consist-
ent with the present study; however, the authors found
a predisposition to regulate insulin production without
altering the blood glucose of the lambs, favoring the
metabolism of animal carbohydrates. Hsu et al. (2016)
further noted that capsaicin supplementation increases
energy by stimulating increases in hepatic glycogen and
improves performance in exercising mice. We measured
increases in the levels of total proteins and globulins in
the serum of lambs supplemented with pepper, similarly
described in dairy ewes fed with 400 mg pepper extract/
kg/day. However, in another recent study, the serum pro-
tein metabolism of lambs supplemented with capsicum
extract was not altered. (Unlii et al., 2021). Hack et al.
(2013) reported higher serum levels of total protein in
rabbits supplemented with a 0.5 g dose of black pepper
+ red pepper, demonstrating the difference between spe-
cies and proving the need for further studies on the action
of capsaicin on such metabolism. The increase in urea
levels in both groups over time was proportional to the
age of the growing animals, with no relation to the effect
of the treatment.

The hematocrit was higher in the treated groups, in
addition to a high increase in cell counts of leukocytes,
neutrophils, and lymphocytes. Researchers observed
an increase in neutrophils: lymphocytes on a given day
of beef cattle experiment fed with a product containing
1.1% capsaicinoids (Westphalen et al., 2021). However,
the authors demonstrate that the values were within the
normal range, and such an increase can be represented
by a possible reaction of the organism to animal stress.
Lower levels of ROS were observed in the serum of
lambs fed pepper extract. This is a positive result be-
cause when there is an increase in ROS levels, there is
a greater production of free radicals that can damage the
immune system of animals through the oxidation of cells
(Barnes, 1990). The decrease in TBARS suggests a drop
in lipid peroxidation; studies showed that capsaicin could
perform this function; however, there was no difference
between treatments in the present study, only as a func-
tion of time. The effect of capsaicin on the increase in

the production of antioxidant enzymes has already been
described (Hassan et al., 2012), similar to those observed
in our study when we found a numerical increase in
the concentration of thiols. Manjunatha and Srinivasan
(2007) observed a 19% decrease in total thiol levels in
normal animals supplemented with capsaicin and a 38%
decrease in hypercholesterolemia. This compound helps
mediate the adaptations to challenges; the increase in
production occurs mainly due to possible oxidative stress
(Adwas et al., 2019), suggesting that this increase is cor-
related with the age of lambs in which the body’s defense
mechanisms are adapting to adverse circumstances.

Conclusion

Pepper extract at a dose of 200 mg/kg stimulated
intake and thereby favored weight gain. The regression
analysis showed that the optimum point for pepper ex-
tract supplementation was 301.5 mg/kg. The consump-
tion of pepper extract also reduced ROS levels at the end
of the experiment and stimulated the production of white
cells (lymphocytes and neutrophils) and concentration of
globulins in the serum of lactating lambs improving the
animals’ health.

Ethical committee

This work was submitted and approved by the
UDESC Animal Use Ethics Committee under protocol
number 6470081019.
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