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Simple Summary: The increasing use of feed additives aims to increase productivity, but it
can also improve cow health. In this study, the inclusion of a phytobiotic additive based
on a combination of oregano and cinnamon essential oils (free and microencapsulated)
associated with turmeric extract and tannin in the diet of Jersey cows increased milk
production and was also capable of increasing milk fat, with an emphasis on a higher
proportion of polyunsaturated fatty acids and unsaturated/saturated ratio. The ingestion
of the phytoactive by the cows had an anti-inflammatory effect, capable of reducing pro-
inflammatory markers, such as acute-phase proteins, but stimulated the production of
immunoglobulins. Lower levels of lipid peroxidation and reactive oxygen species indicate
that the additive has an antioxidant effect and can reduce and minimize physiological
oxidative stress in lactating cows.

Abstract: This study aimed to evaluate whether the addition of a phytobiotic additive
formulated based on cinnamon and oregano essential oils (50% free and 50% microencapsu-
lated) combined with turmeric extract and tannins to the diet of cows has beneficial effects
on health, productivity, and milk quality. In a completely randomized design, eighteen
Jersey cows were used in a compost barn system over 45 days. The cows were divided
into two homogeneous groups: one control (without additive; #n = 9) and another treatment
(with a phytobiotic at a dose of 2 g/cow/day; n = 9). The diet was formulated based on
corn silage, hay and concentrate for daily 30 L/cow production. Blood and milk samples
were collected at 15-day intervals. There was a treatment x day interaction: cows that
consumed the phytobiotic additive produced a more significant amount of milk at days 14,
17,18, 30, 39 and 45 (p < 0.05). When we corrected milk production for fat percentage, we
observed higher milk production in the cows that consumed phytobiotics compared to the
control during the experimental period (p = 0.01). The feed intake of cows fed phytobiotics
was lower (p = 0.01). Thus, feed efficiency was better in cows that consumed phytogenics.
There was a higher percentage of fat in the milk of cows that consumed phytobiotics and
a higher amount of polyunsaturated fatty acids compared to the control (p = 0.02). There
was an increase in total protein and globulin levels (p = 0.01), which may be associated
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with the interaction of the antimicrobial, antioxidant, and immunomodulatory properties
of the phytobiotic additive. An increase in immunoglobulins (p = 0.01) and a reduction
in acute-phase proteins (p < 0.05) were observed in the blood of cows in the phytobiotic
group. Lower levels of TNF-«, IL-13 and IL-6 and higher levels of IL-10 in the serum
of cows that consumed the phytoactive (p = 0.01) reaffirm the anti-inflammatory effect
of the additive. Lower levels of lipid peroxidation (TBARS) and reactive oxygen species
(ROS) were observed in the serum of cows in the phytobiotic group. Greater catalase
and superoxide dismutase activity was observed in cows that consumed the phytogenic
(p < 0.01). Therefore, it can be concluded that the additive in question has antioxidant,
immunological, and anti-inflammatory actions and has the potential to improve productive
performance when corrected for milk fat.

Keywords: carvacrol; thymol; cinnamaldehyde; curcumin; polyphenols

1. Introduction

Maintaining animal health has become a priority among producers in intensive pro-
duction systems [1]. The aim is to improve the condition of animals against metabolic
diseases, oxidative stress, and immunological challenges that may compromise growth
performance as well as the longevity of dairy cows in the face of problems that often require
veterinary interventions and the use of anti-inflammatory drugs and antibiotics, which
increase production costs, in addition to the likelihood of leading to the development of
antimicrobial resistance, a global public health concern. Therefore, the search for alternative
and sustainable solutions has gained prominence; among them, phytobiotic additives and
compounds of plant origin with functional properties have shown promise [2]. Essential
oils (EOs) are recognized as effective natural additives that modulate ruminal fermentation,
mitigate methane gas production, increase nutrient digestibility, and contribute to im-
proved production efficiency and ruminant health [2,3]. The microencapsulation of EOs is a
technological method that protects bioactive compounds and optimizes their release in the
digestive tract of animals, increasing their effectiveness when the objective is absorption [4].
In addition, EOs have antimicrobial and antioxidant actions, modulate ruminal microbiota,
and promote greater fermentation efficiency [5].

Curcumin, derived from Curcuma longa, is widely recognized for its antioxidant and
anti-inflammatory properties, which contribute to reducing oxidative stress and improv-
ing liver function in cattle [6]. Tannins, in turn, protect dietary proteins against ruminal
degradation, improve feed efficiency, and contribute to the reduction in methane emissions,
which makes this synergistic interaction potentially beneficial to animal health and makes
the nutrients present in the diet more efficient, in addition to ensuring animal welfare [7].
In this study, we used a combination of cinnamon and oregano EOs in their free and
microencapsulated form associated with turmeric extract and tannin, which, in a previous
survey of the group, enhanced the weight gain of cattle in confinement [8], unlike another
study of ours with a similar additive, the only difference being that the EOs were only in
microencapsulated form, with initial positive effects on weight gain that were not main-
tained throughout the experimental period in the rearing phase [9]. In two studies [8,9],
an anti-inflammatory and antioxidant effect was observed, in addition to a hepatoprotec-
tive effect, which, according to the authors, may is responsible for enhancing the growth
performance of beef cattle. Our hypothesis is that the anti-inflammatory, antioxidant and
antimicrobial effects of the components present in the additive will enhance productivity
since these known effects of phytogenic improve animal health. Therefore, the aim of
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this study was to evaluate whether the addition of a mixture of EOs (free and microen-
capsulated), combined with turmeric extract and tannin, to the diet of lactating cows had
beneficial effects on animal health and metabolism, modulated the immune system, and
stimulated the antioxidant response, resulting in improved growth performance of Jersey
cows at peak production.

2. Materials and Methods
2.1. Additive

The phytobiotic blend was the Phyto Rumen Plus® (Tecphy, Canelinha, Brazil), a trade
name for The phytogenic blend contains in its formulation 1/3 of the phytogenic mixture
corresponding to the microencapsulated EO of cinnamon (cinnamaldehyde) and oregano
(carvacrol and tymol) (a ratio of 50:50), 1/3 non-encapsulated EO of cinnamon and oregano
(50:50%) and 1/3 of turmeric extract (4.5-5% curcumin), and tannin. The blend contained
166 mg per concentrate [8], resulting in an average daily intake of 2 g of animal phytogenic
compounds. The dose was defined based on previous studies by our research group and
respected the commercial indication of the product.

2.2. Characterization of Experimental Environment

The experiment was carried out in the ruminant sector of the Experimental Farm of the
Centro de Educacao Superior do Oeste (FECEO) of the Universidade do Estado de Santa
Catarina (UDESC), located in the city of Guatambu/SC, Brazil. In a compost, barn-type
shed with an area of 384 m?, with a wood shaving/sawdust bedding area (15.2 m? per
cow), a feeding track with individual feeders was used, where each canister contained a
cow. A robotic milking system with free access to cows was used in this study, configured
to allow up to four milkings per cow per day. In addition, the facility had available smart
feeders (Intergado®, Betim, Brazil) that identified cows and quantified their consumption
during the night.

2.3. Animals, Experimental Design and Diet

The experiment involved 18 multiparous Jersey cows, between 21 and 30 days of
lactation, divided into two groups of 9 cows each, according to the average milk production
in the last 7 days before the experiment (day 1). Prior to the experiment, postpartum cows
consumed a diet (corn silage and concentrate) with a low amount of starch in the feeders
twice a day and had access to millet pasture, which explains why milk production on day 1
was on average 22.5 kg, reducing in the first seven days (Figure 1), and when there was
a change in diet, there was a reduction in consumption (animals were removed from the
pasture); feeding was only in the feeders, as described below.

The phytobiotic group received the concentrate with the addition of 2 g/day of the
phytobiotic (Phyto Rumen Plus®, Tecphy, Canelinha, Brazil) via the concentrate in the
individual feeder during the two feedings in the morning and afternoon, and the control
group received the basal concentrate without the inclusion of the additive. It is important
to emphasize that we chose to add additives only to the feedings with controlled quantities
to ensure the total consumption of the additive at the scheduled dose of 2 g/cow/day. As
there was no leftover feed during the entire experimental period, we can guarantee that
100% of the additive was consumed.
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Figure 1. The daily milk production of cows fed phytobiotics compared to cows in the control group.
* indicates the difference between groups owing to the treatment x day interaction.

The diets were formulated according to the nutritional requirements of the NRC [10]
for daily 30 L/cow production. The feed was formulated based on corn silage (44.74%),
Tifton 85 hay (7.03%), and concentrate (48.23%) provided to the cows in the form of a
basal diet (20 kg dry matter intake (DMI), which corresponded to a calculated composition
of 16.9% of crude protein/kg DM, and net energy lactation (NEL) of 1.59 Mcal/kg DM
(Table 1). During the day, feeding was performed in individual feeders (animals were
trapped by a cage for 90 min), with access to water and drinkers between feeders, twice
a day (07:00 and 16:00). At night, the cows had access to smart feeders that provided the
daily feed intake for each cow (Intergado®, Ponta Agro, Betim, Brazil), which contained
the total diet using the concentrate without additives, as previously mentioned. Water
was provided ad libitum, as the cows had access to automatic drinkers spread throughout
the facility.

Table 1. Chemical composition and fatty acid content of partial mixed ration (PMR) used in cow feed.

Variable PMR Control ! PMR Phytobiotic ! Robot Feed

Dry matter (DM), % 49.7 49.6 92.0

Ash, % DM 7.24 7.11 10.6

Crude protein, % DM 14.0 14.0 21.8

Ethereal extract, % DM 1.21 1.02 5.63

NDF, % DM 19.0 19.2 29.7

Fatty acid, %

C4:0 (Butyric) 0.55 0.57 -
C6:0 (Caproic) 0.01 1.31 -
C12:0 (Lauric) 0.72 0.70 -
C13:0 (Tridecanoic) 0.20 0.15 -
C14:0 (Myristic) 0.03 0.27 -
C14:1 (Myristoleic) 0.40 0.49 -

C15:0 (Pentadecanoic) 0.16 0.24 -
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Table 1. Cont.

Variable PMR Control ! PMR Phytobiotic ! Robot Feed
C16:0 (Palmitic) 23.6 24.1 -
C16:1 (Palmitoleic) 2.15 2.08 -
C17:0 (Heptadecanoic) 0.22 0.47 -
C17:1 (cis-10-Heptadecenoic) 0.04 0.07 -
C18:0 (Stearic) 4.22 4.85 -
C18:1n9t (Elaidic) 0.34 0.33 -
C18:1n9c¢ (Oleic) 24.6 24.2 -
C18:2n6¢ (Linoleic) 39.6 38.8 -
C20:0 (Arachidic) 0.68 0.53 -
C20:1n9 (cis-11-Eicosenoic) 0.25 0.24 -
C18:3n3 (a-Linolenic) 4.20 4.55 -
C21:0 (Henicosanoic) 0.05 0.03 -
C20:2 (cis-11,14-Eicosadienoic) 0.06 0.03 -
C22:0 (Behenic) 0.61 0.43 -

C20:3n6

(cis-8,11,14-Eicosatrienoic) 0.01 0.02 )
C20:4n6 (Arachidonic) 0.17 0.11 -
C24:0 (Lignoceric) 0.70 0.47 -
C24:1n9 (Nervonic) 0.02 0.07 -

The concentrate used in this diet was formulated based on 34% corn, 42% soybean meal, 5% wheat bran,
12.5% soybean hulls, 1.5% sodium bicarbonate, 4.5% minerals/vitamin supplement, 0.25% urea, and 0.25% myco-
toxin adsorbent. The vitamin and mineral supplement had the following guaranteed levels: calcium (min.)
231.40 (g/kg), calcium (max.) 250.00 (g/kg), phosphorus (min.) 40.00 (g/kg), sulfur (min.) 20 (g/kg),
magnesium (min.) 25.00 (g/kg), potassium (min.) 10.00 (g/kg), sodium (min.) 70.00 (g/kg), cobalt (min.)
15.00 (mg/kg), copper (min.) 750.00 (mg/kg), copper (min.) 20.00 (mg, kg), iodine (min.) 40.00 (mg/kg), man-
ganese (min.) 2000.00 (mg/kg), selenium (min.) 22.00 (mg/kg), zinc (min.) 2850.00 (mg/kg), vitamin A (min.)
350,000.00 IU/kg), vitamin D3 (min.) 100,000.00 (IU/kg), vitamin E (min.) 2000.00 (IU/kg). 1 Partial mixed
ration, with only the diet provided in individual feeders/automatic feeders (without robot feed).

A robotic milking system with a free-flow system was used for the cows to be milked;
as an attraction for seeking milking, the cows received pelleted feed at each visit, limited to
3 kg/day. Therefore, the following was considered when measuring the dry matter intake
(DMI) of the cows: diet in individual feeders (during the day) + diet in automatic feeders
(during the night) + robotic concentrate (during milking).

2.4. Data and Sample Collection

The data on the daily feed intake were obtained using a robotic milking system
(pelletized feed), an innovative feeder system, and by weighing the leftovers in the indi-
vidual feeders. Milk production was performed daily using the milking system, allowing
the verification of teat production and total milk production. Based on this informa-
tion, the productive efficiency of the cows was calculated. Milk production corrected for
4% fat (4% FCM) was estimated using the equation proposed by the NRC (2001) [10]:
4% FCM = 0.4 x (kg of milk produced) + 15 x (% fat) x (kg of milk produced).

Blood was collected during the 45 days of the experiment at 15-day intervals, always
in the morning (between 7:30 AM and 9:30 AM), before feeding the individual feeders.
On the day of collection, all animals were apparently healthy, and no cow was apparently
in estrus.

Samples were collected on days 14, 28 and 45 for composition and quality analysis.
Milk collection was performed using a robotic milking system, which allows the collection
of a homogeneous sample of the entire lactation period of the cow, with the material
allocated in tubes (50 mL) containing preservatives (bronopol). The collected material was
sent on the same day to a specialized commercial laboratory authorized by the Brazilian
federal government.
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Milk (50 mL) was collected on day 45 to determine the fatty acid profile. Blood samples
were collected in tubes with a clot activator (4 mL) to separate blood serum and in tubes
with 10% EDTA anticoagulant (4 mL) for blood count analysis and tubes with sodium
citrate for the analysis of antioxidant enzymes in whole blood. After collection, the material
was stored in a thermal box with ice (temperature £ 10 °C) until processing within 3 h.
The tubes with the clot activator were centrifuged (820 g for 10 min), and the serum was
collected and stored in microtubes at —20 °C.

Two hundred grams of samples of a partially mixed ration (PMR) supplied in individ-
ual and automatic feeders were collected throughout the experiment (days 1, 10, 20, 30 and
45), totaling 1 kg of the PMR that was frozen (—20 °C) until analysis. This material, as well
as the robot feed (supplied during milking) collected on the same date as the PMR, were
subjected to physical-chemical analyses described below.

2.5. Laboratory Analysis
2.5.1. Chemical Composition of Feed

Initially, the feed samples were partially dried in a forced ventilation oven at 54 °C
for 72 h, after which each sample was ground to pass through a 0.5 mm screen using a
mill grinder (Retsch zm 200 (Retsch, Haan, Germany), ring sieve size: 0.75 mm) before
chemical analysis. For dry matter (DM) evaluation, samples were placed in a forced
ventilation oven at 105 °C for 24 h and then weighed. Crude protein quantification was
performed using the Kjeldahl method (Method 2001.11), which includes the digestion,
distillation, and titration phases [11]. The ash content, which indicates the mineral matter
in the samples, was measured by incinerating the samples in a muffle furnace at 600 °C for
six hours, eliminating the organic matter and retaining only the ashes, which were weighed
to determine the percentage calculation. The ether extract was quantified according to the
manufacturer’s recommendations using an automatic fat and lipid extractor (SER 158/6
Velp Scientifica®; Usmate Velate, Italy). Finally, neutral detergent fiber (NDF) analysis was
performed according to the methods described by researchers [11,12].

2.5.2. Hemogram

Hematological variables were obtained from blood samples collected in tubes with
EDTA and analyzed using the automatic hematological analyzer VET3000® (EQUIP, Itatiba,
Brazil). This analyzer determines the counts of leukocytes, lymphocytes, granulocytes,
monocytes, erythrocytes, and platelets, as well as the concentration of hemoglobin (g/dL)
and hematocrit (%).

2.5.3. Serum Biochemistry

Blood samples collected in tubes without anticoagulant were centrifuged in a QUIMIS
(Sao Paulo, Brazil) tube centrifuge for 10 min at 820 g to obtain blood serum. The serum was
then stored in microtubes at —20 °C until analysis was performed. Serum levels of the total
protein, albumin, urea, C-reactive protein, cholesterol, fructosamine, alanine aminotrans-
ferase (ALT), aspartate aminotransferase (AST), and gamma-glutamyltranspeptidase (GGT)
were determined. For this purpose, Analisa® kits (Gold Analisa Diagnéstica Ltda, Belo
Horizonte, Brazil) were used with EQUIPIVET equipment (Zybio EXC—200®, Shenzhen,
China). The globulin concentration was calculated using the following equation: total
protein—albumin.

2.5.4. Proteinogram and Cytokines

Firstly, the total protein content obtained using the biuret technique was used as a
reference for quantification. Sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) was performed according to the technique described by Fagliari et al. [13] using
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mini-gels (10 x 10 cm) with adaptations made by Tomasi et al. [14]. The gels were stained
with Coomassie blue and photographed to identify and quantify the protein fractions using
Labimage 1D software (Loccus Biotechnology, Sao Paulo, Brazil). A standard containing
fractions with molecular weights between 10 kDa and 250 KD (Kaleidoscope, Bio-Rad,
Hercules, CA, USA) was used as a reference, using known commercial standards. Analyses
were performed in duplicate.

Interleukin 1f3 (IL-1$3), IL-6, and IL-10 levels in serum were measured using commer-
cial kits and an enzyme-linked immunosorbent assay device (Awareness Technology, Inc.,
Palm City, FL, USA; Chem Well; USCN, Wuhan, China). Tumor necrosis factor alpha (TNF-
o) in serum was assessed by the ELISA assay using commercial Quantikine immunoassay
kits (Abingdon Science Park, Abingdon, UK) according to the manufacturer’s instructions.

2.5.5. Oxidative Status

The oxidative status variables evaluated in the blood serum were reactive oxygen
species (ROS), thiobarbituric acid-reactive substances (TBARSs), and myeloperoxidase
activity (MPO). The analyses were performed in triplicate using specific biochemical
methodologies. Color and fluorometric readers were prepared using Varioskan™ LUX
(Thermo Scientific™, Waltham, MA, USA).

ROS formation was estimated using a fluorometric protocol established by Ali et al. [15].
Ten microliters of serum were soaked in 10 uL of 2’,7’-dichlorofluorescein diacetate (DCFH-
DA, 7 uM) and 240 uL of PBS. After 30 min of incubation at 37 °C, the final product of
DCFH-DA oxidation, dichlorofluorescein (DCF), was measured. The fluorescence emission
intensity was read at an emission wavelength of 525 nm and an excitation wavelength of
488 nm. The results were expressed as a percentage (%) of the fluorescence intensity relative
to the control.

Lipoperoxidation is a highly rapid reaction formed by the breakdown of polyunsatu-
rated fatty acids, which are usually measured by their products, mainly TBARSs, among
which malondialdehyde (MDA) is the primary product [16]. To evaluate this product, the
reaction of thiobarbituric acid (TBA) with serum samples was used, which, in the presence
of MDA, resulted in a pink product that could be read at 532 nm. Briefly, 20 puL of each
sample was mixed with 55 pL distilled water, 100 uL orthophosphoric acid (0.2 M), and
25 uL TBA (0.1 M). Spectrophotometric readings were taken after 45 min of incubation at
37 °C. The results are expressed in nanomolar MDA /mL.

MPO is a heme enzyme produced by inflammatory mediators and released from
leukocytes at the injury site. Therefore, MPO levels reflect the activation of neutrophils
and lymphocytes. MPO catalyzes the reaction of chloride ions with H,O, to generate large
amounts of hypochlorous acid (HOCI), which further reacts to generate singlet oxygen
and hydroxyl radicals. In the presence of H,O; as an oxidizing agent, MPO catalyzes the
oxidative coupling of phenol and 4-aminoantipyrine (AAP), resulting in a colored product,
quinoneimine, with a maximum absorbance of 492 nm [17]. MPO activity was analyzed
using a modified peroxidase system, with a mixture of 12 pL of serum sample with 148 uL of
AAP in phenol solution (AAP 2.5 mM; phenol 20 mM) and 17 pL of HyO, solution (17 mM).
After 30 min of incubation at 37 °C, the system was analyzed spectrophotometrically.
The results are expressed as uM quinoneimine per mg of protein produced in 30 min
(uMq/mg/30 min).

In whole blood collected with sodium citrate, the activity of antioxidant enzymes,
catalase (CAT) and superoxide dismutase (SOD), was measured. Prior to enzyme analysis,
protein levels were determined by the method of Bradford [18] using bovine serum albumin
as a standard. CAT activity was measured with the modified method of Nelson and
Kiesow [19]. This assay involved a change in absorbance at 240 nm due to the CAT-
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dependent decomposition of hydrogen peroxide. CAT activity was expressed as nmol CAT
per milligram protein. SOD activity was determined based on the inhibition of the radical
superoxide reaction with adrenalin as described by McCord and Fridovich [20]. In this
method, SOD present in the sample competes with the detection system for the superoxide
radical. The results were expressed as IU SOD per milligram protein.

2.6. Milk Quality: Centesimal Composition, Urea, and Somatic Cell Count of Milk

Analyses of chemical composition, a standard plate count of bacteria, and a somatic
cell count (SCC) were performed by the Commercial Milk Quality Laboratory, Curitiba,
PR, accredited to the Ministry of Agriculture, Livestock, and Supply by MAPA ordinance.
The quantification of fat, protein, lactose, total solids, and the defatted dry extract was
performed using the Mid-Infrared Spectrometry Method, according to ISO 9622—IDF Stan-
dard 141:2013. The total bacterial count was performed using the Flow Cytometry Method,
according to ISO 21187—IDF Standard 196/2021, and the SCC by the Flow Cytometry
Method, according to ISO 13366-2—IDF Standard 148-2/2006.

2.7. Fatty Acid (FA) Profile in Milk

The extraction was performed using the method described by Bligh and Dyer [21].
Samples (3 mL) were added to 50 mL polypropylene tubes, and 16 mL of methanol and
8 mL of chloroform were added for the homogenization and complete disintegration of
the sample, followed by mechanical stirring for 60 min. Thereafter, 8 mL of chloroform
and NaySO4 1.5% solution were added to promote a biphasic system. This mixture was
shaken for 2 min and then centrifuged for 15 min at 2000 rpm. The lipids obtained from the
chloroform phase were subjected to fatty acid analysis.

FA methylation was performed using the transesterification method proposed by Hart-
man and Lago [8,22]. The extracted lipids were added to 1 mL of 0.4 M KOH methanolic
solution in a test tube and shaken in a vortex for 1 min. The samples were kept in a water
bath for 10 min at boiling point. Subsequently, they were cooled to room temperature, and
3 mL of 1 M H,S0O,4 methanolic solution was added, shaken in a vortex, and maintained
in a water bath for 10 min. After cooling, 2 mL hexane was added, and the mixture was
centrifuged at 2000 rpm for 10 min. Lastly, hexane with fatty acid methyl esters (FAMEs)
was subjected to chromatographic analysis.

For FAME determination, a gas chromatograph (TRACE 1310) equipped with a flame
ionization detector (Thermo Scientific) was used. One microliter of sample was injected
into a split/splitless injector operated in a 1:10 split mode at 250 °C. Hydrogen was used
as the carrier gas at a constant flow rate of 1.5 mL/min. FAME separation was performed
using an RT 2560 (100 m x 0.25 mm x 0.20 um of thickness film, Restek, Bellefonte, PA,
USA) chromatography column. The initial oven temperature was programmed to be 100 °C
for 5 min and then increased to 180 °C at 8 °C/min. Then, it was increased to 210 °C at
4 °C/min, and finally, until 240 °C, it was increased to 20 °C/min, and it was maintained for
20 min under isothermal conditions. The detector temperature was maintained at 250 °C.
The FAME compounds were identified by comparing the experimental retention times
to those of authentic standards (FAME Mix-37, Sigma Aldrich, St. Louis, MO, USA). The
results were presented as a percentage of each FA identified in the lipid fraction, considering
the chain size equivalent factor of FAMEs for FID and the conversion factor of the ester to
the respective acid, according to Visentainer and Franco [23].

2.8. Statistical Analysis

First, a descriptive analysis of the data was performed by applying the normality test
(Shapiro-Wilk) and evaluating the residual error. The data without a normal distribution
were transformed to logarithms and normalized for subsequent analyses. All data were
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analyzed using the SAS ‘MIXED procedure’ (SAS Inst. Inc., Cary, NC, USA; version 9.4)
with Satterthwaite’s approximation to determine the denominator degrees of freedom for
the fixed-effects test. Mean milk production and feed efficiency variables were tested for a
fixed effect of treatment using animals (treatment) as a random effect. The remaining data
were analyzed as repeated measures and tested for fixed treatment effects using day and
treatment X day, with cow (treatment) as a random effect. The d1 results were included
as independent covariates. Additionally, for these variables, the d1 scores were removed
from the dataset to generate the mean per treatment but were retained as covariates. The
first-order autoregressive covariance structure was selected according to the lowest Akaike
information criterion. Means were separated using the PDIFF method (Student’s test), and
all results were reported as LSMEANS followed by standard error (SEM). Significance was
defined as p < 0.05, and a trend was indicated when p > 0.05 and < 0.10.

3. Results
3.1. Productive Performance

The performance results are presented in Table 2 and Figure 1. There was no effect
of treatment on the average milk production per cow per day during the adaptation
period (d1-14) and experimental period (d15-45) (Table 2). However, we observed a
treatment X day interaction (Figure 1): the cows that consumed the phytobiotic additive
produced a greater quantity of milk (d14, d17, d18, d30, d39 and d45). We observed
8.57% greater corrected milk production for fat percentage in the cows that consumed
phytobiotics than in the control during the experimental period. The effect of the treatment
on feed intake was 10.23% lower in cows that consumed the additive than in the control.
The feed efficiency values were 15.38% higher in cows that consumed phytobiotics in both
calculations using milk production per day and milk production corrected for 4% fat.

Table 2. Milk production (MP), fat-corrected milk (4% FCM).

Variables Control Phytobiotic SEM p: Treat 2
Milk production—MP. kg (mean)
d —7 to 1 (pre-experiment) 22.2 22.6 0.22 0.95
d1lto14 22.6 22.8 0.20 0.94
d 15 to 45 25.2 26.0 0.19 0.15
Fat-corrected milk (4%FCM) 1. kg
d-7to1l 18.5 19.5 0.2 0.84
d1ltol14 20.2 21.7 0.18 0.76
d15t0 45 245" 26.6 0.17 0.01
Feed intake—FI. kg (mean)
d1to14 16.5 16.2 0.14 0.95
d15t0 45 17.62 15.8° 0.12 0.01
Feed efficiency (kg DM/kg FI)
d15t0 45 1.43° 1652 0.04 0.01
Body score
d1 3.25 3.08 0.08 0.62
d45 3.34 3.11 0.07 0.12

Note I: Milk production corrected for 4% fat (4%FCM) was estimated by the equation proposed by the NRC
(2001) [10]: FCM = 0.4 x (kg of milk produced) + 0.15 x (% fat) x (kg of milk produced). Note 2: The treatment
effect when p < 0.05, with the difference between groups illustrated by different lowercase letters (a and b) in the
same row.

3.2. Milk Quality

The results of centesimal composition and SCC in milk are presented in Table 3. There
was an effect of treatment and day; thus, there was a treatment x day interaction for milk
fat, with cows in the phytobiotic group having the highest milk fat compared to the control
group. There was no effect of day, treatment, or treatment x day interaction on protein,
lactose, total solids, urea, and SCC in milk.
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Table 3. Centesimal composition of milk from cows that consumed phytobiotics, milk urea levels,
and somatic cell count (SCC).

Variables Control Phytobiotic SEM p: Treat 1 p: Day 2 p: Treat x Day 3
Fat (g/kg) 36.5P 40.12 0.47 0.01 0.05 0.01
Protein (g/kg) 36.9 36.8 0.35 0.97 0.96 0.97
Lactose (g/kg) 46.3 45.8 0.24 0.88 0.95 0.93
Total solids (g/kg) 120 123 1.75 0.91 0.96 0.92
Urea (mg/dL) 18.3 19.9 0.64 0.82 0.89 0.83
SCC (x103 mL) 61.9 56.3 242 0.64 0.58 0.72
Fat (g/kg) >
d14 32,9 B 36.9 P 0.46
d28 34.1 bAB 37.8P 0.48
d45 42.4PA 45.6 24 0.46
Note !: The treatment effect when p < 0.05, with the difference between groups illustrated by different lowercase
letters (a and b) in the same row. Note 2: The day effect when p < 0.05, illustrated by uppercase letters (A, and
B) in the same column for milk fat in both groups. Note 3: This table demonstrates the treatment versus day
interaction for fat on days 14, 28, and 45 of the experiment, with lowercase letters (a and b) in the same row.
The results of the milk fatty acid profile are presented in Table 4. No effect of treatment
was observed for specific fatty acids. Still, there was a tendency for a higher sum of
unsaturated fatty acids (p = 0.09) and monounsaturated fatty acids (p = 0.07) in the milk of
cows that consumed the phytogenic. However, there was a small difference for the sum of
polyunsaturated fatty acids (control: 1.51 and phytogenic: 1.61%), but this was significant
between the groups due to the consumption of the additive. Consequently, we verify that a
higher UFA /SFA ratio was observed in the milk of cows that consumed the phytogenic
compared to the control.
Table 4. Fatty acid profile in milk from cows that consumed phytobiotics as feed additive.
Fatty Acid Control Phytobiotic SEM p-Value !
C4:0 (Butyric) 0.20 0.19 0.016 0.95
C6:0 (Caproic) 0.09 0.01 0.033 0.24
C10:0 (Capric) 2.42 2.10 0.156 0.36
C11:0 (Undecanoic) 0.21 0.15 0.024 0.23
C12:0 (Lauric) 3.20 3.11 0.078 0.78
C13:0 (Tridecanoic) 0.13 0.12 0.005 0.96
C14:0 (Myristic) 12.0 12.5 0.158 0.92
C14:1 (Myristoleic) 0.53 0.53 0.032 0.94
C15:0 (Pentadecanoic) 1.11 1.24 0.044 0.56
C16:0 (Palmitic) 43.9 43.1 0.504 091
C16:1 (Palmitoleic) 1.17 1.06 0.043 0.44
C17:0 (Heptadecanoic) 0.66 0.67 0.009 0.98
C17:1 (cis-10-Heptadecenoic) 0.12 0.11 0.004 0.95
C18:0 (Stearic) 10.8 11.9 0.275 0.18
C18:1n9t (Elaidic) 1.50 1.71 0.058 0.13
C18:1n9¢ (Oleic) 14.4 15.0 0.369 0.31
C18:2n6t (Linolelaidic) 0.02 0.01 0.001 0.99
C18:2n6c¢ (Linoleic) 1.25 1.33 0.027 0.19
C20:0 (Arachidic) 0.14 0.16 0.003 0.35
C20:1n9 (cis-11-Eicosenoic) 0.07 0.08 0.003 0.96
C18:3n3 (a-Linolenic) 0.10 0.12 0.006 0.55
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Fatty Acid Control Phytobiotic SEM p-Value !
C21:0 (Henicosanoic) 0.20 0.25 0.016 0.47
C20:2 (cis-11.14-Eicosadienoic) 0.02 0.01 0.002 0.96
C22:0 (Behenic) 0.06 0.07 0.002 0.95
C20:3n6
(cis-8.11.14-Eicosatrienoic) 0.07 0.07 0.002 0.99
C20:4n6 (Arachidonic) 0.04 0.04 0.002 0.98
C22:2 (cis-13.16-Docosadienoic) 0.02 0.01 0.003 0.96
C24:0 (Lignoceric) 0.05 0.04 0.005 0.94
C20:§n3 (c1s—5.8.11..14.17— 0.01 0.01 0.000 0.99
Eicosapentaenoic)
C24:1n9 (Nervonic) 0.01 0.01 0.001 0.99
SFA ? 75.3 74.7 0.652 0.24
UFA 19.3 20.1 0.125 0.09
MUFA 17.8 18.5 0.097 0.07
PUFA 151P 1.612 0.030 0.03
UFA/SFA 0.25P 0.272 0.011 0.05

Note !: Different letters in the same row illustrate the treatment effect when p < 0.05. Note 2. saturated fatty
acids (SFA), unsaturated fatty acids (UFA), monounsaturated fatty acids (MUFA) and polyunsaturated fatty
acids (PUFA).

3.3. Hematologic and Biochemical Changes

The results for blood variables are presented in Table 5 and Figure 2. The effect of the
day and treatment x day interaction was observed for total leukocyte and lymphocyte
counts, both of which were lower in the blood of cows in the phytobiotic group. There
was no effect of treatment or interaction on the other blood count variables (the number of
granulocytes, monocytes, platelets, hemoglobin concentration, and hematocrit percentage),
except for the number of erythrocytes, which was higher in cows that consumed the
additive. Figure 2 illustrates the treatment x day interaction and the effect of the day on
leukocyte and lymphocyte counts.
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Figure 2. The effect of the treatment vs. day interaction (illustrated by asterisks above the bars) and
day effect (shown by capital letters (A and B) inside the phytobiotic group bar) for total leukocyte,
lymphocyte, total protein, and globulin biomarkers. The asterisk (*) illustrates the difference on each
day, referring to the treatment x day interaction.
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Table 5. Hemogram and serum biochemistry of cows fed phytobiotics.

Variables Control ~ Phytobiotic = SEM p: Treat!  p: Day? p: Treat x Day 2
Hematology
Total leukocytes (x10% uL) 9222 8.02b 0.35 0.05 0.08 0.05
Lymphocytes (x10% uL) 5332 418" 0.23 0.05 0.05 0.02
Granulocytes (x 103 uL) 3.16 3.26 0.20 0.89 0.82 0.93
Monocytes (x10% uL) 0.72 0.79 0.04 0.87 0.79 0.81
Erythrocytes (x 106 uL) 4.98° 5.44 2 0.08 0.05 0.18 0.12
Hemoglobin (g/dL) 9.10 9.31 0.14 0.26 0.31 0.26
Hematocrit (%) 26.1 26.4 0.41 0.92 0.94 0.88
Platelets (x 10 uL) 370 339 20.9 0.55 0.63 0.61
Serum biochemistry
Albumin (g/dL) 3.40 3.45 0.08 0.97 0.95 0.92
Total cholesterol (mg/dL) 140 139 1.21 0.91 0.89 0.89
Frutosamine (mg/dL) 325 330 2.05 0.85 0.81 0.87
GGT (U/L)3 30.1 31.0 1.25 0.95 0.94 0.94
Glucose (mg/dL) 64.4 60.7 2.36 0.88 0.84 0.85
Total protein (g/dL) 6.67 P 7.77 2 0.11 0.05 0.01 0.01
AST (U/L)3 88.7 94.6 3.32 0.56 0.26 0.39
ALT (U/L)3 71.3 722 2.67 0.92 0.94 0.94
Triglycerides (mg/dL) 10.2 9.95 0.98 0.96 0.95 0.97
Urea (mg/dL) 424 45.8 1.54 0.66 0.51 0.45
Globulin (g/dL) 3.26°P 4312 0.13 0.05 0.01 0.01

Note !: Treatment effect when p < 0.05, with difference between groups illustrated by different lowercase letters
(a, b) in same line. Note 2: Day effect and treatment x day interaction when p < 0.05; results are shown in
Figure 2. Note 3: GGT (gamma-glutamyl transferase), AST (aspartate aminotransferase) and ALT (alanine
aminotransferase).

Total protein and globulin levels were higher in the serum of cows in the phytobiotic
group compared to the control (Table 5), emphasizing the higher protein concentration on
day 45 of the experiment (Figure 2). No effect of treatment or treatment x day interaction
was observed for albumin, cholesterol, fructosamine, GGT, AST, ALT, triglycerides, glucose,
or urea.

Protein profiles obtained by electrophoresis are shown in Table 6 and Figure 3. Higher
levels of IgA, Ig heavy chain (Ig-hc), and transferrin were observed in the serum of cows
fed the phytobiotic (p < 0.05). Ceruloplasmin and haptoglobin levels were lower in the
serum of these cows than in that of the control (p < 0.05). A treatment x day interaction
was observed mainly on day 45 for IgA, Ig-hc, haptoglobin, and transferrin (Figure 3).

We verified the effect of the treatment and day and the treatment x day interaction
for cytokine levels (Table 6 and Figure 4). Lower levels of TNF, IL-1 and IL-6 and higher
levels of IL-10 in the serum of cows that consumed the phytobiotic compared to the control
were observed.

Oxidative status markers were presented in Table 6 and Figure 5. There was no
treatment effect for ROS, but there was a day effect and treatment x day interaction for this
variable, with lower ROS levels observed in the cows in the phytobiotic group compared
to the control on day 28 of the experiment. There was a treatment, day, and interaction
effect for TBARS levels, which was lower in cows that consumed the phytobiotic on days
14, 28, and 45. MPO activity only had a treatment effect, with higher enzymatic activity
in the cows in the phytobiotic group compared to the control. CAT activity was higher in
the blood of cows that consumed the phytogenic compared to the control. SOD activity
was higher in the blood of cows that consumed additives on days 28 and 45 compared to
the control.
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Figure 3. The effect of treatment vs. day interaction (illustrated by asterisks above the bars) and day
effect (shown by capital letters (A, B, and C) inside the bar) for biomarkers IgA, Ig-hc, haptoglobin,
and transferrin. The asterisk (*) illustrates the difference on each day, referring to the treatment x day
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Figure 4. The effect of treatment vs. day interaction (illustrated by asterisks above the bars)
and day effect (shown by capital letters (A, B and C) inside the bar) for the cytokine biomarkers
(IL-1, IL-6, IL-10 and TNF). The asterisk (*) illustrates the difference on each day, referring to the

treatment x day interaction.
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Figure 5. The treatment x day interaction (illustrated by asterisks above the bars) and day effect
(shown by capital letters (A and B) inside the bar) for reactive oxygen species (ROS) and lipid peroxi-
dation (TBARS) in serum and superoxide dismutase (SOD) in total blood from phytobiotic-fed cows.
The asterisk (*) illustrates the difference on each day, referring to the treatment x day interaction.

Table 6. Protein profile in electrophoresis and markers of oxidative reactions of cows fed phytobiotics.

Variables Control Phytobiotic SEM p: Treat ! p: Day 2 p: Treat x Day 2
Proteinogram

IgA (g/dL) 0.75° 0.982 0.03 0.01 0.01 0.01

Heavy-chain Ig (g/dL) 1.12° 1467 0.05 0.01 0.01 0.01

Ceruloplasmin (g/dL) 0.65? 052" 0.02 0.05 0.22 0.26

Haptoglobin (g/dL) 0.61° 0.42° 0.02 0.01 0.01 0.01

Ferritin (g/dL) 0.40 0.37 0.01 0.65 0.74 0.68

Transferrin (g/dL) 0.32° 0362 0.01 0.05 0.02 0.05

Cytokines

IL-1B (pg/mL) 56.9 2 429P 2.58 0.01 0.01 0.01

IL-6 (pg/mL) 4012 295 227 0.04 0.01 0.01

IL-10 (pg/mL) 65.8° 9437 3.41 0.01 0.01 0.01

TNF (pg/mL) 1642 135P 5.02 0.03 0.01 0.01
Oxidative status

ROS 3 (% of fluorescence intensity) 8202 7.60 P 0.22 0.19 0.03 0.05

TBARS (nmol/mL) 6.832 5.77° 0.13 0.02 0.01 0.01

MPO (uM quinoneimin /30 min) 2.27 2.75 0.02 0.05 0.14 0.20

CAT (nmol CAT/mg of protein) 9.74 11.2 0.45 0.04 0.11 0.13

SOD (U SOD/mg of protein) 4.23 8.23 0.31 0.01 0.01 0.01

Note !: The treatment effect when p < 0.05, with the difference between groups illustrated by different lowercase
letters (a and b) in the same line. Note 2: The day effect and treatment x day interaction when p < 0.05, with the
results presented in Figures 3 and 4. Note 3. reactive oxygen species (ROS), thiobarbituric acid reactive substances
(TBARS), myeloperoxidase (MPO), catalase (CAT) and superoxide dismutase (SOD).
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4. Discussion

In a practical and applied way, these studies showed that the intake of phytobiotic
additives by Jersey cows influence productive performance corrected to fat, feed intake,
feed efficiency, and fat percentage in milk. Some of these results corroborate those of
another recently published study on the photoactivities of Jersey cows [24] and Lacaune
sheep [25]; but it is important to emphasize that the studies used different formulations,
so a comparison needs to be made with caution. The present study tested cinnamon and
oregano EOs in free and microencapsulated forms, unlike the study by Vitt et al. [24], which
used the same concentration of these EO only in microencapsulated form. Maxin et al. [26]
reported that the fat content in cow’s milk is altered by acetate and butyrate; that is, when
they increase, there is a decrease in propionate, glucose, and fat content in milk, which
has already been described in other studies with phytobiotics similar to the one tested
here [8,9,24]. A lower feed intake may be related to the free EO in the additive, which
generated a greater odor in the concentrate and total diet, and reduced intake. Despite this,
milk production in these cows was equal between groups; consequently, because when
we calculated the feed efficiency value, we found that it was significantly higher in the
cows that consumed the phytogenic. Among the additive ingredients tested, we found that
turmeric extract contains curcumin, already described as responsible for improving the
digestibility of sheep fiber and thus increasing milk production [27], as well as improving
the digestibility of feed and nutrients in dairy cows fed Curcuma longa extract in the diet [28].
However, we cannot rule out other nutritional mechanisms that are capable of altering
milk composition and growth performance, such as how the use of essential oils (oregano
and cinnamon) [5] and tannins [29] alters the acetate/propionate ratio and amount of
short-chain fatty acids (SCFAs). We observed a day effect for milk fat, which increased
throughout the experiment; however, this increase was higher in the phytobiotic group.
The explanation for the day effect in both groups is related to the feeding of these cows
before starting the experiment, i.e., the cows had access to pasture and were animals in
the early phase of lactation (less than 30 days postpartum); this is a physiological and
common moment in which the animal is in a negative energy balance and has an unstable
metabolism. At the end of the experiment, the percentage of milk fat reached the reference
value for the Jersey breed at peak production. The exact mechanism that led to the increase
in fat in the animals that consumed the phytobiotic will be investigated in the future by
our research group, evaluating ruminal fermentation, volatile fatty acids, and ruminal and
intestinal microbiota.

The exact mechanism involved in this increase in milk fat is unknown. However, in the
future, we will investigate the influence of this additive on lipid metabolism, which did not
change serum cholesterol levels. The additive positively influenced the composition of fatty
acids in milk, increasing the index of polyunsaturated fatty acids. The addition of curcumin
to dairy sheep feed increases monounsaturated fatty acids [27] and the use of tannins in
goats increases oleic acid [30]. According to the literature, tannins can inhibit the last step
of ruminal biohydrogenation; therefore, this increases the content of unsaturated fatty acids
in milk [31]. However, it is worth noting that the effect of the additive on milk quality
was moderate, i.e., only affecting fat. We did not hypothesize that the consumption of the
additive would alter protein and lactose levels in the milk; but we expected a reduction in
SCC, as had already been described in another study with a phytogenic [24]. The blood
results discussed below suggest an anti-inflammatory effect of the additive, which could
have reduced the somatic cell count in the milk, but this did not occur, which may be
related to other local factors in the mammary gland, which are not known.

Lower blood leukocyte counts due to reduced lymphocytes were observed in cows
fed phytobiotics. This change suggests that the additive interferes with the modulation of
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inflammatory processes [32,33], thus favoring an anti-inflammatory effect. Lower leukocyte
counts have already been verified in the consumption of curcumin by dairy sheep [27] and
dairy calves [34], as well as the ingestion of microencapsulated cinnamon and oregano oil in
the diet of lambs [35]. Adding chestnut tannin to the diet of cows increased leukocyte and
lymphocyte counts but reduced the neutrophil /lymphocyte ratio [36]. It is important to
make it clear to the reader that the lower leukocyte/lymphocyte count could also indicate
immunosuppression, but due to the promising productive results, as well as other blood
biomarkers, we believe that this reduction in the count of this cell is an anti-inflammatory
effect, confirmed by the lower concentration of pro-inflammatory cytokines (IL-1f3, IL-6,
and TNF) and higher anti-inflammatory cytokine levels (IL-10).

A higher concentration of total proteins due to increased globulins was observed
in this study. As the animals were apparently healthy, without any sign of dehydration,
we interpreted the reduction in total protein as an immunological effect, confirmed by
the protein profile determined by electrophoresis. Higher globulin levels have already
been recorded in lactating goats fed a diet based on cinnamon, ginger, and garlic oils [37].
The same commercial product tested here did not alter total protein and globulin levels
when used in the diet of feedlot beef cattle [8]. However, similar additives in a phytogenic
blend increased globulin levels in growing steers [9] and lactating cows [24]. A leukogram
showed a lower total lymphocyte count. However, the number of globulins was higher,
which suggests that there was a reduction in T lymphocytes and possibly an increase
in B lymphocytes or more significant activity of these cells, which resulted in a greater
production of immunoglobulins, as observed in our study, where cows fed phytobiotics
had a higher concentration of serum IgA, similar to that found in other studies by our
research group [9,24,38,39]. However, this is the hypothesis of modulation for greater IgA;
but we cannot rule out the possibility that the additive causes irritation in the intestinal
mucosa, which could also stimulate the increase in this immunoglobulin. It is essential
to highlight that the concentration of other heavy-chain immunoglobulins also increases,
reinforcing that the ingestion of this additive stimulates a humoral response [40]. There is a
hypothesis that immunoglobulins increase by the direct action of the additive’s ingredients
on humoral immune cells, and another possibility is that the components of the additive
(mainly essential oil and tannin) sensitize the intestinal mucosa, which is an immune and
defense response, and increase IgA levels.

The reduction in lymphocytes, combined with a lower concentration of positive acute-
phase proteins (ceruloplasmin and haptoglobin) and an increase in harmful acute-phase
protein (transferrin), helps to characterize an anti-inflammatory response that has been
commonly described in ruminants fed with phytobiotics [24,39,41,42]. It is already known
that the combination of microencapsulated oils of carvacrol, cinnamaldehyde, and thymol
has anti-inflammatory effects [41,42]. Tung et al. [43] observed that Cinnamomum os-
mophloeum EO could strongly inhibit nitric oxide (NO) production in RAW 264.7 cells after
exposure to lipopolysaccharide (LPS), highlighting the involvement of cinnamaldehyde in
this activity. The ability of cinnamaldehyde to reduce inducible nitric oxide synthase (iNOS)
mRNA synthesis in RAW 264.7 cells has been noted [44]. Curcumin reduces the activity
of enzymes that mediate inflammation, such as cyclooxygenase-2 (COX-2), lipoxygenase
(LOX), and iNOS, and reduces the levels of pro-inflammatory cytokines [45,46]. Wijesinghe
et al. [47] suggested that plant tannins exert anti-inflammatory effects by inhibiting NO
and prostaglandin-E2. In summary, the anti-inflammatory effect observed here was ex-
pected and may indirectly be responsible for the higher milk production of these cows
because reducing the inflammatory response required less ATP consumption to maintain
inflammation, and more energy was available for milk production.
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Lower levels of TBARS and ROS combined with the greater activity of antioxidant
enzymes CAT and SOD were observed in this study, similar to those described in other
studies on phytobiotics in ruminants [8,9,24,39]. It is well known that curcumin has antiox-
idant effects in sheep [48,49], and cinnamon and oregano EOs decrease lipid peroxidation
as they have compounds with a high capacity to absorb oxygen radicals [50] and tannins,
which are plant metabolites that have antioxidant activity and can be used to improve the
antioxidant status of animals [51]. According to the literature, curcumin has active groups
capable of neutralizing free radicals and stimulating antioxidant enzymes such as SOD,
glutathione peroxidase, and glutathione S-transferase [52,53]. Furthermore, a meta-analysis
showed that curcumin, when consumed, reduces the concentration of malondialdehyde
(MDA) in serum and has the potential to increase the total antioxidant potential, conse-
quently removing reactive oxygen and nitrogen, chelating metals, and regulating numerous
enzymes [54].

5. Conclusions

The inclusion of a phytobiotic additive based on a combination of oregano and cin-
namon EO (free and microencapsulated) associated with turmeric and tannin extract in
the diet of Jersey cows has positive effects under these experimental conditions, enhancing
fat-corrected milk (4%FCM), and it is also capable of increasing fat in milk, generating a
partial improvement in milk quality since milk protein, lactose and SCC are not altered.
However, the addition of the phytogenic reduced the cows’ feed intake but maintained
production, leaving the calculated feed efficiency value of these cows higher. The intake
of the additive by the cows had an anti-inflammatory effect, capable of reducing pro-
inflammatory markers, such as acute-phase proteins, but stimulated the production of
immunoglobulins. A reduction in lipid peroxidation and ROS levels indicates that the
additive has an antioxidant effect with higher CAT and SOD activity and can reduce and
minimize physiological oxidative stress in lactating cows.
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Francisco Roberto da Silva Machado Junior

Enderego para acessar este CV: https://lattes.cnpq.br/6465472124843804

Ultima atualizagdo do curriculo em 23/12/2025

Graduacdo em Engenharia de Alimentos pela Universidade Federal do Rio Grande (2007), mestrado (2010) e doutorado (2014) em Engenharia e Ciéncia de Alimentos
pela mesma universidade, tendo desenvolvido uma parte da tese na Universidade Federal de Santa Catarina. Experiéncia na area da docéncia em disciplinas que abrangem
diferentes areas da engenharia, atuando também na area de pesquisa, com énfase em engenharia e bioprocessos, bem como coordenagdo e execugdo de analises
bromatoldgicas e fisico-quimicas em alimentos, principalmente nos seguintes temas: valorizacdo de residuos, cultivos submersos para obtencdo de bioprodutos, ruptura e
extragdo celular, encapsulamento e tecnologia supercritica, composigdo quimica e determinagdo de perfil de &cidos graxos. (Texto informado pelo autor)

Identificacao
Nome Francisco Roberto da Silva Machado Junior
Nascimento 17/02/1980 - Rio Grande/RS - Brasil

Lattes ID & 6465472124843804
Orcid ID  (E) https://orcid.org/0000-0002-0960-2927

Nome em MACHADO JUNIOR, F. R. S.;MACHADO JR, FRANCISCO R.S.;MACHADO, FRANCISCO

citagées R.S.;MACHADO JUNIOR, FRANCISCO ROBERTO DA SILVA;JUNIOR, FRANCISCOR. S.
bibliograficas MACHADO;JUNIOR, FRANCISCO R.S. MACHADO;MACHADO, FRANCISCO;MACHADO JUNIOR,
FRANCISCO

Endereco

Enderegco Rua Lauro Muller - E - 454, Ap. 301
residencial Santa Maria - Chapeco
89812214, SC - Brasil
Telefone: 49 99647184

Enderego E-mail para contato : franciscojr_ea@yahoo.com.br
eletronico E-mail alternativo : franciscojr.ea@gmail.com

Prémios e titulos

2009 Estudante de Pos-Graduagédo Destaque durante o XI Encontro de Pos-Graduagéo dentro da VIII Mostra
de Produgéo Universitaria, Universidade Federal do Rio Grande

Formacao académica/titulacao

2010 - 2014 Doutorado em Engenharia e Ciéncia de Alimentos.
Universidade Federal do Rio Grande, FURG, Rio Grande, Brasil
com periodo sanduiche em Universidade Federal de Santa Catarina (Orientador: José Vladimir de
Oliveira)
Titulo: RUPTURA CELULAR, EXTRACAO E ENCAPSULAMENTO DE ASTAXANTINA DE
HAEMATOCOCCUS PLUVIALIS (VOLVOCALES, CHLOROPHYTA), Ano de obtengéo: 2014
Orientador: Carlos André Veiga Burkert ]
Co-orientador: Janaina Fernandes de Medeiros Burkert
Bolsista do(a): Coordenacéo de Aperfeicoamento de Pessoal de Nivel Superior, CAPES, Brasil.
Palavras-chave: astaxantina, biomassa, carotenoide, lise enzimatica, nanoencapsulamento,
Haematococcus pluvialis. i
Grande area: Ciéncias Agrarias / Area: Ciéncia e Tecnologia de Alimentos
Grande area: Ciéncias Agrarias / Area: Ciéncia e Tecnologia de Alimentos

2008 - 2010 Mestrado em Engenharia e Ciéncia de Alimentos.
Universidade Federal do Rio Grande, FURG, Rio Grande, Brasil
Titulo: CONVERSAO POR VIA BIOTECNOLOGICA DE GLICERINA RESIDUAL EM BIOMASSA DE
LEVEDURAS COMO FONTE DE PROTEINAS E LIPIDIOS, Ano de obteng&o: 2012
Orientador: Carlos André Veiga Burkert
Bolsista do(a): Coordenacgéo de Aperfeicoamento de Pessoal de Nivel Superior, CAPES, Brasil.
Palavras-chave: Biodiesel;Biomassa;Glicerina;Yarrowia lipolytica.
Grande area: Ciéncias Agrarias / Area: Ciéncia e Tecnologia de Alimentos
Grande area: Ciéncias Agrarias / Area: Ciéncia e Tecnologia de Alimentos / Subarea: Engenharia de
Alimentos

2000 - 2007 Graduagao em Engenharia de Alimentos.
Universidade Federal do Rio Grande, FURG, Rio Grande, Brasil
Titulo: Secagem de Magé Fuji (Mallus percicae) em Camada Delgada para Produgéo de “Chips”
Orientador: Luiz Ant6nio de Almeida Pinto

1995 - 1998 Ensino Profissional de nivel técnico em Contabilidade.
Escola Técnica Estadual Getulio Vargas, E. T. E. G. V., Brasil

Formac&o complementar

2022 - 2022 Curso de curta duragdo em Introdugao a Administragdo. (Carga horaria: 30h).
UNOVA CURSOS, UNOVA, Brasil

2019 - 2019 Curso de curta duragdo em Metodologias Ativas e sua efetiva aplicabilidade nos espagos de aprendizage.

(Carga horaria: 4h).
Uceff Faculdades - Chapeco, UCEFF, Brasil
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2019 - 2019 Curso de curta duragdo em Rei da Derivada, Summaé e Trezentos: Aprendizagem ativa e colaborativa,
par. (Carga horaria: 2h).
Uceff Faculdades - Chapeco, UCEFF, Brasil

2019 - 2019 Curso de curta duragdo em Aprendizagem por Pares. (Carga horaria: 3h).
Uceff Faculdades - Chapec6, UCEFF, Brasil

2019 - 2019 Curso de curta duragdo em Estratégias de ensino- aprendizagem e a saude Docente. (Carga horaria: 4h).
Uceff Faculdades - Chapeco, UCEFF, Brasil

2018 - 2018 Curso de curta duragdo em Educacgéo Superior: Desafios e Possibilidades. (Carga horaria: 2h).
Uceff Faculdades - Chapeco, UCEFF, Brasil

2018 - 2018 Curso de curta duragdo em Gerando resultados. (Carga horaria: 4h).
Uceff Faculdades - Chapeco6, UCEFF, Brasil

2018 - 2018 Curso de curta duragédo em Dinamicas Didaticas: Célculos e as Metodologias Ativas. (Carga horaria: 3h).
Uceff Faculdades - Chapeco, UCEFF, Brasil

2017 - 2017 Curso de curta duragdo em Praticas Pedagogicas-Estratégias de Ensino. (Carga horaria: 3h).
Uceff Faculdades - Chapeco, UCEFF, Brasil

2016 - 2016 Curso de curta duragdo em Neurociéncia e Docéncia no Ensino Superior. (Carga horaria: 3h).
Uceff Faculdades - Chapeco, UCEFF, Brasil

2016 - 2016 Curso de curta duragdo em Orientagdo no processo ensino aprendizagem de alunos com deficiéncia.
(Carga horaria: 8h).
Uceff Faculdades - Chapec6, UCEFF, Brasil

2016 - 2016 Curso de curta duragdo em Praticas Pedagégicas para a Educagdo Superior- ENADE. (Carga horaria:
3h).
Uceff Faculdades - Chapeco, UCEFF, Brasil

2016 - 2016 Curso de curta duragéo em Docéncia e Cultura como Meio de Aprendizagem. (Carga horaria: 3h).
Uceff Faculdades - Chapeco6, UCEFF, Brasil

2016 - 2016 Curso de curta duragdo em Professor: Voz e comunicag&o a seu favor. (Carga horéria: 4h).
Uceff Faculdades - Chapeco, UCEFF, Brasil

2016 - 2016 Curso de curta duragdo em A Plataforma MOODLE como ferramenta de interagéo e aprendizagem.
(Carga horaria: 3h).
Uceff Faculdades - Chapeco, UCEFF, Brasil

2015 -2015 Curso de curta duragdo em Métodologias Ativas de Ensino e Aprendizagem. (Carga horaria: 4h).
Uceff Faculdades - Chapeco, UCEFF, Brasil

2015 -2015 Curso de curta duragdo em Curso Programa de Capacitagdo dos Docentes-Orientagdo para Estagios e
TCC's. (Carga horaria: 4h).
Uceff Faculdades - Chapeco, UCEFF, Brasil

2015 - 2015 Curso de curta duragdo em Perspectivas e Desafios da Educagéo Superior Brasileira para o século XXI.
(Carga horaria: 4h).
Uceff Faculdades - Chapeco, UCEFF, Brasil

2014 - 2014 Curso de curta duragdo em Nanosafety: The safe production and handling of na. (Carga horaria: 8h).
Associagdo Brasileira de Engenharia Quimica, ABEQ, Sao Paulo, Brasil

2012 - 2012 Curso de curta duragdo em Planejamento de Experimentos com o Statistica. (Carga horaria: 6h).
Associagao Brasileira de Engenharia Quimica, ABEQ, Sao Paulo, Brasil

2011 -2011 Extensé&o universitaria em Redacao Cientifica - Método Légico.. (Carga horaria: 16h).
Universidade Federal do Rio Grande, FURG, Rio Grande, Brasil

2007 - 2007 Extensao universitaria em Tecnologia de Vinhos. (Carga horéria: 16h).
Universidade Estadual de Campinas, UNICAMP, Campinas, Brasil

2005 - 2005 Extens&o universitaria em Tecnologia de Cereais. (Carga horaria: 4h).
Universidade Federal do Rio Grande, FURG, Rio Grande, Brasil

2005 - 2005 Extensao universitaria em Bioquimica e Qualidade da Carne. (Carga horéria: 8h).
Universidade Federal do Rio Grande, FURG, Rio Grande, Brasil

2005 - 2005 Extensao universitaria em Tecnologia de Carnes. (Carga horaria: 4h).
Universidade Federal do Rio Grande, FURG, Rio Grande, Brasil

2004 - 2004 Extens&o universitaria em Alimentos Congelados. (Carga horaria: 16h).
Universidade Estadual de Campinas, UNICAMP, Campinas, Brasil

Atuacao profissional

Faculdades de Itapiranga - FAI
2015 -2015 Vinculo: Celetista , Enquadramento funcional: Professor Titular, Regime: Faculdades de Itapiranga Parcial
2016 - 2017 Vinculo: Celetista , Enquadramento funcional: Professor Titular, Regime: Faculdades de Itapiranga Parcial

2016 - 2017 Vinculo: Celetista , Enquadramento funcional: Professor Titular, Regime: Faculdades de Itapiranga Parcial

Atividades
02/2015 - 07/2015 Graduag&o, Engenharia Civil

Disciplinas ministradas:
Quimica Geral e Tecnolégica

07/2016 - 02/2017 Graduag&o, Tecnologia em Alimentos

Disciplinas ministradas:
Sistema Industrial Agroalimentar

07/2016 - 02/2017 Graduag&o, Engenharia Civil

Disciplinas ministradas:
Quimica Geral e Tecnolégica

02/2016 - 07/2016 Graduag&o, Tecnologia em Alimentos

Disciplinas ministradas:
- Orientagdo Académica

02/2017 - 07/2017 Graduagéo, Engenharia Civil

Disciplinas ministradas:
Projeto Integrador Il - Metodologia da Pesquisa

Universidade Federal da Fronteira Sul - UFFS

2023 - 2024 Vinculo: Professor Visitante , Enquadramento funcional: Professor contratado , Carga horaria: 40, Regime:
Universidade Federal da Fronteira SulDedicagao exclusiva
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Atividades

08/2023 - 07/2024 Graduagao, Engenharia Ambiental e Sanitaria

Disciplinas ministradas:
Energia Solar e Eélica

08/2023 - 07/2024 Graduagéo, Matematica

Disciplinas ministradas:
Matematica B - PIN

03/2024 - 07/2024 Graduagado, Administragdo

Disciplinas ministradas:
Matematica B

03/2024 - 07/2024 Graduag&o, Geografia

Universidade

Disciplinas ministradas:
Matematica B

do Estado de Santa Catarina - UDESC

Curriculo Lattes

2024 - 2025 Vinculo: Bolsista , Enquadramento funcional: Técnico de ensino superior , Carga horaria: 30, Regime:

Universidade do Estado de Santa Catarina Parcial

Outras informagdes:

Atribuicdes de executar as analises do Laboratério de Nutricdo Animal, coordenar e executar analises de
composigdo quimica de alimentos, operar a cromatografia gasosa e tratar os dados de perfil de acidos
graxos em carne, ovo, leite e outros fluidos. Operar o NIRs e absorgao atémica para andlises especificas
de alimentos e outras amostras. Responsavel pelas analises de laboratério com foco em alimentos
(proteina bruta, extrato etéreo, matéria mineral, FDN, FDA, fibra bruta, entre outros), anélises de
subprodutos da producéo da carne (composigéo quimica e perfil de acidos graxos).Atuagéo no projeto
COMBINACOES DE ADITIVOS ALIMENTARES NATURAIS COM ACAO ANTIMICROBIANA EM
SUBSTITUIGAO AANTIBIOTICO CONVENCIONAIS NA AVICULTURA DE CORTE: IMPACTOS SOBRE
EFICIENCIA PRODUTIVA E COMPOSICAO E QUALIDADE DE CARNE Multilaboratérios (Anatomia e
Fisiologia Animal, Morfofisiologia Vegetal, Solos e Sustentabilidade, Nutricdo Animal e Microscopia e
Parasitologia, Microbiologia e Biologia Molecular, Avicultura e Fazenda Experimental da UDESC Oeste)

do Centro de Educagéao Superior do Oeste/UDESC Chapec6/SC.

Uceff Faculdades - Chapecé - UCEFF

2015 -2020 Vinculo: Celetista , Enquadramento funcional: Professor, Regime: Uceff Faculdades - Chapecé Parcial

Atividades

02/2015 - 12/2017

06/2015 - 07/2016

02/2015 - 07/2016

07/2015 - 12/2015

06/2015 - 12/2015

07/2016 - 02/2020

07/2016 - 07/2017

07/2016 - 12/2016

02/2016 - 07/2016

07/2018 - 12/2018

07/2018 - 12/2018

02/2018 - 07/2018

07/2019 - 12/2019

02/2019 - 07/2019

https://wwws.cnpq.br/cvi

Graduagao, Engenharia Civil

Disciplinas ministradas:
- Estatistica.

Graduagao, Engenharia Ambiental e Sanitaria

Disciplinas ministradas:
- Estatistica;

Graduagao, Engenharia de Produgédo

Disciplinas ministradas:
- Quimica Geral Tecnolégica.

Graduagao, Engenharia Ambiental e Sanitaria

Disciplinas ministradas:
Quimica Geral e Tecnolégica

Graduagao, Engenharia Elétrica

Disciplinas ministradas:
- Quimica Geral e Tecnolégica.

Graduagao, Engenharia Civil

Disciplinas ministradas:
Fenémenos de Transporte

Graduagao, Engenharia Ambiental e Sanitaria

Disciplinas ministradas:
Fenémenos de Transporte

Graduagado, Engenharia de Produgédo

Disciplinas ministradas:
Estatistica

Graduagéo, Engenharia Quimica

Disciplinas ministradas:
Quimica Geral e Inorgénica

Graduagéo, Engenharia Quimica

Disciplinas ministradas:
Fisico-Quiica Il

Graduagao, Engenharia Ambiental e Sanitaria

Disciplinas ministradas:
Tratamento de Esgoto Sanitario

Graduagéo, Engenharia Quimica

Disciplinas ministradas:
Fisico-Quimica |

Graduagao, Engenharia Quimica

Disciplinas ministradas:
Fenémenos de Transporte Il

Graduagéo, Engenharia Quimica

Disciplinas ministradas:
Fenémenos de Transporte |
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Universidade Comunitaria da Regido de Chapec6 - UNOCHAPECO

2014 - 2014

2020 - 2020

2023 - 2023

Vinculo: Professor contratado , Enquadramento funcional: Professor contratado , Carga horaria: 12,
Regime: Universidade Comunitaria da Regido de Chapec¢ Parcial

Vinculo: Professor contratado , Enquadramento funcional: Professor contratado , Carga horaria: 12,
Regime: Universidade Comunitaria da Regido de Chapec¢ Parcial

Vinculo: Professor contratado , Enquadramento funcional: Professor contratado , Carga horaria: 12,
Regime: Universidade Comunitaria da Regiéo de Chapeco Parcial

Atividades

10/2014 - 12/2014 Graduagao, Engenharia Civil

Disciplinas ministradas:
- Estatistica Inferencial.

10/2020 - 12/2020 Especializagdo

Especificagao:
Metodologia da Pesquisa

04/2023 - 05/2023 Especializagéo

Especificagdo:
Bioestatistica Béasica

Universidade do Oeste de Santa Catarina - UNOESC

2014 - 2014 Vinculo: Professor contratado , Enquadramento funcional: Professor contratado , Carga horaria: 12,
Regime: Universidade do Oeste de Santa Catarina Parcial
Outras informagdes:
Atividades

10/2014 - 12/2014 Pos-graduagdo, Especializagdo em Controle de Qualidade em Aliment

Disciplinas ministradas:
- Biotecnologia e Biosseguranga Aplicada em Alimentos.

Universidade Federal de Santa Catarina - UFSC

2012 - 2012

2013 - 2013

Vinculo: Pesquisador visitante , Enquadramento funcional: Estagio de doutorado , Carga horaria: 40,
Regime: Universidade Federal de Santa CatarinaDedicag&o exclusiva

Outras informagdes:

Departamento de Engenharia Quimica e Engenharia de Alimentos - Laboratério de Termodinamica e
Extrag&o Supercritica (LATESC). Bolsista CAPES.

Vinculo: Pesquisador visitante , Enquadramento funcional: Estagio de doutorado , Carga horaria: 40,
Regime: Universidade Federal de Santa CatarinaDedicag&o exclusiva

Outras informagdes:

Departamento de Engenharia Quimica e Engenharia de Alimentos - Laboratério de Termodinamica e
Extracdo Supercritica (LATESC). Bolsista CAPES.

Universidade Federal do Rio Grande - FURG

2008 - 2010

2008 - 2008

2010 - 2014

2013 - 2013

Vinculo: Aluno de mestrado , Enquadramento funcional: Pesquisador , Carga horaria: 40, Regime:
Universidade Federal do Rio GrandeDedicag&o exclusiva

Vinculo: Aluno de mestrado , Enquadramento funcional: Estagio docéncia , Carga horaria: 8, Regime:
Universidade Federal do Rio GrandeDedicagao exclusiva

Outras informagdes:

Ministrou aulas praticas na disciplina de Bioquimica Industrial para o curso de Engenharia Quimica da
Universidade Federal do Rio Grande.

Vinculo: Aluno de doutorado , Enquadramento funcional: Pesquisador , Carga horaria: 40, Regime:
Universidade Federal do Rio GrandeDedicagao exclusiva

Vinculo: Estagio docéncia , Enquadramento funcional: Estagio docéncia , Carga horaria: 8, Regime:
Universidade Federal do Rio GrandeDedicagédo exclusiva

Outras informagdes:

Aulas praticas e oficinas ministradas na disciplina de Bioquimica Industrial para o curso de Engenharia
Quimica da Universidade Federal do Rio Grande.

Atividades

09/2008 - 10/2008 Graduagéo, Engenharia Quimica

Disciplinas ministradas:
Aulas Préticas de Bioquimica Industrial para o curso de Engenharia Quimica.

05/2013 - 08/2013 Graduacgao, Engenharia Quimica

Disciplinas ministradas:
Aulas préticas e oficinas ministradas na disciplina de Bioquimica Industrial para o curso de Engenharia
Quimica.

Empresa Brasileira de Pesquisa Agropecuaria - EMBRAPA

2007 - 2007

Projetos

Projetos de
pesquisa

2010 - 2014

Vinculo: Institucional , Enquadramento funcional: Estagio , Carga horaria: 40, Regime: Empresa Brasileira
de Pesquisa AgropecuariaDedicagdo exclusiva

Outras informagdes:

Estagio curricular de complementag&o educacional desenvolvido no laboratério de Controle de Qualidade,
com atuagdo no Projeto Melhoramento genético de trigo para o agronegdcio brasileiro.

Rede NANOFOTOBIOTEC - Rede integradora de nanotecnologia e biotecnologia microalgal para o
desenvolvimento cientifico/tecnolégico e formagéo de recursos humanos

Descrigao: Integrantes: Francisco Roberto da Silva Machado Junior - Integrante / Carlos André Veiga
Burkert - Integrante / Jorge Alberto Vieira Costa - Coordenador. Financiador(es): Coordenagéo de
Aperfeicoamento de Pessoal de Nivel Superior - Auxilio financeiro.

Situagao: Concluido Natureza: Projetos de pesquisa

Alunos envolvidos: Graduag&o (12); Mestrado académico (8); Doutorado (12);

Integrantes: Francisco Roberto da Silva Machado Junior; Carlos André Veiga Burkert; Jorge Alberto Vieira
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2010 - 2014

2008 - 2010

2007 - 2007

Curriculo Lattes

Costa (Responsavel)
Financiador(es): Coordenagéo de Aperfeicoamento de Pessoal de Nivel Superior-CAPES

Encapsulamento de Agentes Bioativos e Imobilizagao de Enzimas em Nanoestruturas via Tecnologia
Supercritica (PRONEX - Edital FAPERGS/CNPq 008/2009)

Situagéo: Concluido Natureza: Projetos de pesquisa

Alunos envolvidos: Doutorado (1);

Integrantes: Francisco Roberto da Silva Machado Junior; Carlos André Veiga Burkert; Janaina Fernandes
de Medeiros Burkert; José Vladimir de Oliveira (Responsavel)

Bioconvers&o da Glicerina Gerada na Sintese de Biodiesel em Biomassa Proteica

Situagao: Concluido Natureza: Projetos de pesquisa

Alunos envolvidos: Graduag&o (1); Mestrado académico (2); |

Integrantes: Francisco Roberto da Silva Machado Junior; BURKERT, CARLOS ANDRE V. (Responsavel)
Financiador(es): FUNDACAO DE AMPARO A PESQUISA DO ESTADO DO RIO GRANDE DO SUL-
FAPERGS

Melhoramento genético de trigo para o agornegdcio brasileiro

Descrigao: Estagio Curricular de Complementagao Educacional

Situagao: Concluido Natureza: Projetos de pesquisa

Alunos envolvidos: Graduagéo (2);

Integrantes: Francisco Roberto da Silva Machado Junior; Martha Zavariz de Miranda (Responsavel)

Revisor de periddico

2020 - Atual

International Research Journal of Pure and Applied Chemistry

Areas de atuacdo

1.
2.

e o

Producao

Grande area: Ciéncias Agréarias / Area: Ciéncia e Tecnologia de Alimentos
Grande éarea: Ciéncias Agréarias / Area: Ciéncia e Tecnologia de Alimentos
Grande éarea: Ciéncias Agréarias / Area: Ciéncia e Tecnologia de Alimentos
Grande area: Engenharias / Area: Engenharia Quimica

Grande area: Engenharias / Area: Engenharia de Produgao

Grande area: Engenharias / Area: Engenharia Quimica

Producao bibliografica

Citagoes

1 web of Science
Total de trabalhos: 4 Total de citacdes: 160

Machado, Francisco R. S.; Machado Junior, F. R. S.

SCOPUS
Total de trabalhos: 5 Total de citagoes: 187

Machado, Francisco R. S.; Machado Junior, F. R. S.

Artigos completos publicados em periédicos

'R DE MELLO, EMELINE PIZZOLATTO; BAJAY, MIKLOS MAXIMILIANO; DOS SANTOS, TAINARA
LETICIA; DE JESUS, RENATO SANTOS; DEOLINDO, GUILHERME LUIZ; NORA, LUISA; TORTELLI,
MARIO AUGUSTO; DA SILVA, GILNEI BRUNO; MANICA, DAIANE; BAGATINI, MARGARETE DULCE;
MACHADO, FRANCISCO; DA SILVA, ALEKSANDRO S.. A Mixture of Free and Microencapsulated
Essential Oils Combined with Turmeric and Tannin in the Diet of Dairy Cows: Effects on Productive
Efficiency and Animal Health. ANIMALS. Icr, v.15, p.1588, 2025.

DALCANTON, FRANCIELI; TOMBINI, CAROLINE; DE VARGAS, PAOLA FONTANA; TONETTO,
MARIA LUIZA; LAJUS, CRISTIANO RESCHKE; CAMINO FELTES, MARIA MANUELA; MACHADO
JUNIOR, FRANCISCO. Upcycling of Brewer's Spent Grain in the Development and Characterization of
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- RS. Conversao por Via Biotecnolégica da Glicerina Gerada na Sintese de Biodiesel em Biomassa
de Leveduras. 2009,

MACHADO JUNIOR, F. R. S.; MICHELON, M.; BURKERT, J. F. M.; BURKERT, C. A. V.. Influéncia da
Composigdo do Meio de Indculo e da Temperatura na Produgéo de Biomassa de Leveduras a Partir da
Glicerina Bruta In: | Seminario sobre Biodiesel e Coprodutos, 2009, Campinas - SP. Influéncia da
Composicao do Meio de Inéculo e da Temperatura na Producao de Biomassa de Leveduras a Partir
da Glicerina Bruta. 2009,

COSTA, B. R.; COELHO, K. D.; MACHADO JUNIOR, F. R. S.; SILVA, R. S. G.; PINTO, L. A. A.. Secagem
de Maga Fuji (Mallus Percicae) em Camada Delgada para produgéo de “Chips” In: VI Mostra de Produgao
Universitaria, 2007, Rio Grande - RS. Secagem de Maca Fuji (Mallus Percicae) em Camada Delgada
para producao de “Chips”. 2007,

Apresentacao de trabalho e palestra

MACHADO JUNIOR, F. R. S.; BURKERT, C. A. V.. Convers&o por Via Biotecnoldgica da Glicerina Gerada
na Sintese de Biodiesel em Biomassa de Leveduras, 2009. (Outra,Apresentacao de Trabalho)

MACHADO JUNIOR, F. R. S.; MICHELON, M.; BURKERT, J. F. M.; BURKERT, C. A. V.. Influéncia da
Composicdo do Meio de Inéculo e da Temperatura na Produgéo de Biomassa de Leveduras a Partir da
Glicerina Bruta, 2009. (Seminario,Apresentagdo de Trabalho)

SILVA, R. S. G,; COSTA, B. R;; COELHO, K. D.; MACHADO JUNIOR, F. R. S.. Secagem de maga fuji
(Mallus percicae) em camada delgada para a produgéo de, 2007. (Congresso,Apresentacdo de Trabalho)
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Orientagdes e supervisoes

Orientacées e supervisdes concluidas

Trabalhos de concluséo de curso de graduagao

10.

1.

12.

13.

Cleidi Cristina Penz. Diagnéstico da qualidade da 4gua em pogos de sistema alternativo coletivo na
cidade de Chapecé/SC. 2019. Curso (Engenharia Ambiental e Sanitaria) - Uceff Faculdades - Chapeco
Juliana Salete Guarda. Possiveis causas da ecotoxicidade em efluentes de uma industria cafeeira
localizada o Estado do Parana. 2019. Curso (Engenharia Ambiental e Sanitaria) - Uceff Faculdades -
Chapecd

Odair Kommers. Viabilidade da utilizagao da cinza da madeira de eucalipto na corregao de pH e no
tratamento fisico-quimico de efluente agroindustrial. 2019. Curso (Engenharia Ambiental e Sanitaria) -
Uceff Faculdades - Chapeco

Raissa Chernhak. Analise da avaliagado de retrorrefletancia de uma obra de sinalizagao viaria
vertical e horizontal em Santa Catarina. 2018. Curso (Engenharia Civil) - Uceff Faculdades - Chapecéd

Augusto Brighenti. Analise da acessibilidade na galeria centro comercial Fernando Machado de
Chapecd6/SC. 2017. Curso (Engenharia Civil) - Uceff Faculdades - Chapecd

Joao Manoel Balestrin. Analise da produgéo e resisténcia mecanica a compressao do concreto,
conforme as especificagdes do projeto de uma obra localizada em Chapecd6/SC. 2016. Curso
(Engenharia Civil) - Uceff Faculdades - Chapecd

Greici Marasca Schneider. Avaliagdo da qualidade do leite in natura por meio de analises fisico-
quimicas e de fraudes. 2016. Curso (Tecnologia em Alimentos) - Faculdades de Itapiranga

Adriani Luiza Linn. Avaliagédo da resisténcia térmica de cepas de Escherichia coli isoladas em uma
industria do extremo oeste catarinense. 2016. Curso (Tecnologia em Alimentos) - Faculdades de
Itapiranga

Rafael Gheller. Caracterizagdo de polimeros incorporados com fibras lignocelulésicas com possivel
aplicagdo na construgao civil. 2016. Curso (Engenharia Civil) - Faculdade Empresarial de Chapeco

lara Thais Wermuth. Procedimentos Padrao Operacional no setor de espostejamento de uma
industria de suinos do oeste catarinense. 2016. Curso (Tecnologia em Alimentos) - Faculdades de
Itapiranga

<5 Pablo Henrique Ciotta. A importancia do controle de qualidade e rastreabilidade do concreto
armado usinado in loco. 2015. Curso (Engenharia Civil) - Faculdade Empresarial de Chapecd

< Elizeu Domingos Antoniolli Neto Vezaro. Analises comparativas entre cimentos portland composto
(CP-ll Z 32) com acompanhamento por microscopia eletrénica de varredura (MEV). 2015. Curso
(Engenharia Civil) - Faculdade Empresarial de Chapeco

<5 Elan Antonio Almeida. Patologias em pavii flexiveis. 2015. Curso (Engenharia Civil) -
Faculdade Empresarial de Chapeco

Iniciagao cientifica

Eventos

Eventos

< Thalles Canton Trevisol. Encapsul de A 1tina Produzida por Microalgas. 2010.
Iniciagdo cientifica (Engenharia Bioquimica) - Universidade Federal do Rio Grande. Inst. financiadora:
Coordenagao de Aperfeicoamento de Pessoal de Nivel Superior

Mariano Michelon. Conversao por Via Biotecnolégica de Glicerina Residual em Biomassa de
Leveduras como fonte de Proteinas e Lipidios. 2008. Iniciacdo cientifica (Engenharia de Alimentos) -
Universidade Federal do Rio Grande. Inst. financiadora: Conselho Nacional de Desenvolvimento Cientifico
e Tecnolégico

Participagdo em eventos

10.
1.
12.
13.
14.

Apresentagdo de Poster / Painel no(a) XX Congresso Brasileiro de Engenharia Quimica, 2014.
(Congresso) MATHEMATICAL MODELING OF LACTOBACILLUS VIRIDESCENS AND LACTOBACILLUS
SAKEI GROWTH AT SIX DIFFERENT TEMPERATURES.

Apresentacdo de Poster / Painel no(a) XIX Congresso Brasileiro de Engenharia Quimica, 2012.
(Congresso) Haematococcus pluvialis: Crescimento Celular e Extragao de Carotenoides com Diferentes
Solventes.

Ciclo de Palestras, 2011. (Outra) .

Apresentagédo de Poster / Painel no(a) XXIl Congresso Brasileiro de Ciéncia e Tecnologia de
Alimentos, 2010. (Congresso) Efeito fo Congelamento na Medida do Sequestro de Radical Livre de
Carotenoides extraidos de Biomassa de Phaffia Rhodozyma (NRRL-Y 17268).

Apresentagédo de Poster / Painel no(a) XXIl Congresso Brasileiro de Ciéncia e Tecnologia de
Alimentos, 2010. (Congresso) Aproveitamento da Glicerina Bruta para Produgéo de Biomassa de
Levduras em Diferentes Temperaturas de Cultivo.

Apresentagdo de Poster / Painel no(a) XXIl Congresso Brasileiro de Ciéncia e Tecnologia de
Alimentos, 2010. (Congresso) Influénca do Didametro da Particula e do Tempo de Comgelamento da
Biomassa na Recuperagéo de Carotenoides produzidos por Phaffia Rhodozyma.

Apresentagdo de Poster / Painel no(a) | Seminario Sobre Biodiesel e Coprodutos, 2009. (Seminario)
Influéncia da Composicao do Meio de Indculo e da Temperatura na Produgéo de Biomassa de Leveduras
a Partir da Glicerina Bruta.

Apresentagédo Oral no(a) VIIl Mostra da Produgao Universitaria, 2009. (Outra) Conversao por Via
Biotecnoldgica da Glicerina Gerada na Sintese de Biodiesel em Biomassa de Leveduras.

Apresentagdo Oral no(a) XI Encontro de Pés-Graduagao, 2009. (Encontro) Conversao por Via
Biotecnoldgica da Glicerina Gerada na Sintese de Biodiesel em Biomassa de Leveduras.

26 SEMALIM - Semana de Engenharia de Alimentos, 2007. (Outra) .

92 Semana Académica de Engenharia de Alimentos da FURG, 2005. (Outra) .

| Férum das Industrias do RS - Encontro das Empresas Cerealistas, 2005. (Encontro) .
Il Férum das Industrias do RS - Encontro das Empresas de Carnes, 2005. (Outra) .

232 SEMALIM - Semana de Engenharia de Alimentos, 2004. (Outra) .

Organizagao de evento
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Bancas

Bancas

MACHADO JUNIOR, F. R. S.. XI Encontro de Pés-Graduacgéo, 2009. (Outro, Organiza¢éo de evento)

MACHADO JUNIOR, F. R. S.. 82 Semana Académica de Engenharia de Alimentos da FURG, 2003.
(Outro, Organizagao de evento)

MACHADO JUNIOR, F. R. S.. Fiscal do Processo Seletivo da FURG, 2002. (Outro, Organizagéo de
evento)

MACHADO JUNIOR, F. R. S.. Fiscal do Processo Seletivo da FURG, 2001. (Outro, Organizagédo de
evento)

Participagcdo em banca de trabalhos de conclusao

Mestrado

Graduacao

10.

1.

12.

13.

14.

MELLO, J. M. M.; DALCANTON, F.; FIORI, MARCIO A.; MACHADO JUNIOR, F. R. S.; TERNUS, R. Z..
Participagdo em banca de Rosana da Silva. Avaliagdo da atividade antimicrobiana de ragéo para
frango aditivada de nanoparticulas de 6xido de zinco, 2017. (Tecnologia e Gestdo da Inovagao)
Universidade Comunitaria da Regido de Chapecd.

MACHADO JUNIOR, F. R. S.; Piletti, R.; BASSANI, M. T.. Participagdo em banca de Greici Marasca
Schneider. Avaliagdo da qualidade do leite in natura por meio de andlises fisico-quimicas e de
fraudes, 2016. (Tecnologia em Alimentos) Faculdades de Itapiranga.

BASSANI M. T; MACHADO JUNIOR F. R. S.; Piletti, R.. Participagcdo em banca de Nadia Hahn.
da idade fis| i e pesquisa de fraudes no leite cru refrigerado, 2016.
(Tecnologla em Alimentos) Faculdades de Itapiranga.

MACHADO JUNIOR, F. R. S.; Piletti, R.; BASSANI, M. T.. Participagdo em banca de Adriani Luiza Linn.
Avaliagdo da resisténcia térmica de cepas de Escherichia coli isoladas em uma industria do
extremo oeste catarinense, 2016. (Tecnologia em Alimentos) Faculdades de Itapiranga.

BELLEI, P.; MACHADO JUNIOR, F. R. S.; CARNEIRO, M. F. W.. Participagdo em banca de Genilson
Fabrizzio. Avaliagdo do desempenho do concreto auto-adensavel com adigao de cinza de biomassa
vegeta, 2016. (Engenharia Civil) Faculdade Empresarial de Chapeco.

MOTTER, L.; MACHAQO JR, FRANCISCO R.S.; CARNEIRO, M. F. W.. F‘amcnpagao em banca de Tiago

Junior Fachini. Captagéo e apr de agua da chuva para fins nao potaveis de forma
sustentavel e de baixo custo, 2016. (Engenharia Civil) Uceff Faculdades - Chapecd.

BELLEI, P.; MACHADO JUNIOR, F. R. S.; BENETTI, J. L.. Participagdo em banca de Adriano Adilson
Potte. Estudo comparativo entre lajes trelicadas com enchimento de EPS, nervuradas com forma
plastica tipo cubeta e lajes de formas colaborantes nervuradas (mistas nervuradas), 2016.
(Engenharia Civil) Faculdade Empresarial de Chapeco.

MOTTER, L.; MACHADO JR, FRANCISCO R.S.; CARNEIRO, M. F. W.. Participagdo em banca de
Douglas Pires dos Santos. Estudo da viabilidade técnica e econdémica da implantagido de um sistema
de aquecimento solar residencial em Chapecé/SC, 2016. (Engenharia Civil) Uceff Faculdades -
Chapecé.

BELLEI, P.; MACHADO JUNIOR, F. R. S.; BENETTI, J. L.. Participagdo em banca de Ricardo de Moura.
Estudo sobre o concreto translicido na forma estrutural e estética na construgéo civil, 2016.
(Engenharia Civil) Faculdade Empresarial de Chapeco.

MACHADO JUNIOR, F. R. S.; Piletti, R.; BASSANI, M. T.. Participagdo em banca de lara Thais Wermuth.
Procedimentos Padrao Operacional no setor de espostejamento de uma industria de suinos do
oeste catarinense, 2016. (Tecnologia em Alimentos) Faculdades de Itapiranga.

MACHADO JUNIOR, F. R. S.; TRAVI, M. R. L.; ANSCHAU, C. T.. Participagdo em banca de Pablo
Henrique Ciotta. A importancia do controle de qualidade e rastreabilidade do concreto armado
usinado in loco, 2015. (Engenharia Civil) Faculdade Empresarial de Chapecé.

MACHADO JUNIOR, F. R. S.; TRAVI, M. R. L.; BELLEI, P Participag@o em banca de Elizeu Domingos
Antoniolli Neto Vezaro. Anali parativas entre portland p (CP-11 Z 32) com
acc por micr pia eletronica de varredura (MEV), 2015. (Engenharia Civil)

Faculdade Empresarial de Chapecd.

ANSCHAU, C. T.; MACHADO JUNIOR, F. R. S.; TRAVI, M. R. L.. Participagdo em banca de Rafael
Matheus Tibes. Melhoramento do trago de argamassa para estaca raiz, 2015. (Engenharia Civil)
Faculdade Empresarial de Chapeco.

MACHADO JUNIOR, F. R. S.; BENETTI, J. L.; BELLEI, P.. Participagdo em banca de Elan Antonio
Almeida. Patologias em pavimentos flexiveis, 2015. (Engenharia Civil) Faculdade Empresarial de
Chapeco.

BELLEI, P.; MACHADO JUNIOR, F. R. S.; CARNEIRO, M. F. W.. Participagédo em banca de Jaison
Pereira. Patologias nos pisos de uma agroindustria localizada em Chapecé - SC, 2015. (Engenharia
Civil) Faculdade Empresarial de Chapecé.

Totais de producao

Produgao bibliografica

Artigos completos publicados em periddico 27
Capitulos de livros publicados 5
Trabalhos publicados em anais de eventos 16
Apresentagdes de trabalhos (Congresso) 1
Apresentagdes de trabalhos (Seminario) 1
Apresentagdes de trabalhos (Outra) 1

Producao técnica

Outra produgédo técnica 2

Orientagdes

Orientagao concluida (trabalho de conclusdo de curso de graduagéo) 13
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Orientagédo concluida (iniciagdo cientifica) 2
Eventos

Participagbes em eventos (congresso) 5
Participagbes em eventos (seminario) 1
Participagdes em eventos (encontro) 2
Participagbes em eventos (outra) 6
Organizagéo de evento (outro) 4
Participagdo em banca de trabalhos de conclusao (mestrado) 1
Participagdo em banca de trabalhos de conclusao (graduagéo) 14
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