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Abstract: The study aimed to establish the dietary effects of black oat rich in polyphenols on the
production traits, metabolic profile, antioxidant status, and carcass quality of fattening lambs, after
weaning. In the BO group, in the feed mixture, common oats replaced the black oat compared to the
CO group. The research comprehensively investigated production indicators, blood metabolic profile,
antioxidant status, and lamb carcass quality. No significant differences were found in the fattening
or slaughter characteristics of lamb carcasses, except for lower pH1 values in BO lamb carcasses.
Significant increases in RBC, HCT, and MCV levels as well as TP, ALB, and GLOB concentrations and
GPx and SOD activities in the blood of BO lambs were found. The glucose and EOS content as well as
the activity of the enzymes ALT and ALP were significantly lower in the blood of the BO group than
in the CO group. In the liver, the DPPH activity was significantly higher in the BO lambs compared
to the CO lambs. The observed changes in glucose, protein metabolism, and antioxidant status in the
blood and tissues of lambs indicate that the use of polyphenol-rich black oats in the diet of lambs
under stress conditions is justified.

Keywords: oat; black oat; production traits; metabolic profile; antioxidative status

1. Introduction

Oat grain is commonly used in ruminant rations, typically making up to 20% of the
feed mixture [1]. Oats are well known for having a distinctive protein composition and
high nutritious content. Oat proteins are mostly composed of globulins as opposed to
other grain proteins; as a result, their amino acid profile is more balanced [2]. Oats are
regarded as a highly valuable grain because of their high fat content and unsaturated fatty
acids, which contribute to their high energy and nutritional value [3]. Due to the ban on
the use of antibiotics as growth promoters in animal feed, various biostimulants and other
feed additives are increasingly being used to increase resistance and have a positive effect
on animal immunity. Numerous colored feedstuffs are becoming increasingly important,
including coloured cereals used in animal meals. The reason for their use lies in the richness
of polyphenols, which in oats are mainly phenolic acids [4], as quality components that con-
tribute to the above. Dietary interventions with polyphenols may alter the gut microbiome
response and attenuate the weaning stress related to inflammation. Further, polyphenols
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elicit health-favored effects through ameliorating inflammatory processes to improve di-
gestibility and thereby exert a protective effect on animal production [5]. The health effects
of the use of oats in human and animal nutrition are well known, given the richness of oats
in various biological components [6–8]. These are primarily antioxidants, proteins, lipids,
vitamins, minerals, soluble fiber-β-D-glucan (but also cellulose and arabinoxylan), and
especially avenanthramides, a unique group of N-cinnamoyl anthranilic acid derivatives
found in oats but not in other cereals [9–12]. Recent research has also demonstrated the
anti-inflammatory, antiproliferative, and antipruritic properties of oat polyphenols, which
may offer extra defense against colon cancer, coronary heart disease, and skin irritation
in both humans and animals [13–15]. There are numerous varieties/genotypes of oats,
of which the black varieties, the so-called black oats, stand out [16,17]. In the studies of
Varga et al. [17], it was found that the DPPH content was increased in black-hulled oats,
indicating an increased antioxidant activity associated with a higher content of phenolic
compounds in black-hulled oats. According to Fontanella et al. [18], black oats can only be
grown as a forage crop or as a forage crop and cereal. There are considerably more studies
in the literature in which black oats are used as pasture fodder or as a component of silage,
while the available literature contains very few studies on the use of black oat grains in
animal nutrition. Most of these studies were carried out in Central and North America
(Mexico, Brazil) with ruminants on pasture [19–21] or as a component of silage [20,22].
The aforementioned studies emphasize the positive effects of black oats in animal feed on
the production characteristics and profitability of this production. When analyzing the
available literature, two papers were found showing the use of black oat grains together
with other cereal grains in animal feeding, in fattening lambs, when satisfactory production
and slaughter indicators and economic efficiency of production were achieved [23,24].

Sheep are subjected to a variety of physiological and environmental stresses that affect
their welfare, reduce their production, and increase the risk of disease [25]. The lamb
experiences extreme stress during weaning. According to Lynch et al. [26], weaning is the
total physical separation of mother and child as well as the nutritional switch from milk
to solid foods. According to Freitas-de-Melo et al. [27], artificial weaning is regarded as
one of the most stressful events in farm animals’ lives. As such, it is critical to consider
the elements influencing those reactions in order to create effective weaning procedures
and enhance the welfare of the sheep. The level of shock manifested by reduction in post-
weaning growth rate may vary depending on weaning age and weight, the intake of solid
feed before weaning as well as health status of the lamb [25]. Lambs may also experience
nutritional, social, and emotional changes that result in a significant stress reaction [28].
According to studies by Damián et al. [29] and Freitas-de-Melo et al. [30], abrupt weaning
is linked to reduced weight gain, increased alertness and mobility, and decreased resting
and feeding behavior in ewes and lambs. In the Republic of Croatia, the normal time
for natural weaning of lambs is around 4 months. Therefore, earlier weaning can cause
various problems/shock in lambs. Therefore, the time of weaning and quality preparation
of lambs before weaning, especially regarding feeding, are very important [31,32]. It is
critical to figure out how to reduce the issues listed above that arise from lambs’ weaning
stress. Feeding the lambs premium feed, preferably with fodder rich in polyphenols or
polyphenols extracted from certain plants that offer many health benefits, is one method.
In a study using weaned lambs, for instance, Xu et al. [33] discovered that tea polyphenols
in the lambs’ diets had antioxidant and anti-inflammatory properties comparable to those
of antibiotics.

To the best of our knowledge there is no study carried out on lambs fed black oats in
their diets affecting the production traits and blood parameters. Finding out how black
oat polyphenols affected the metabolic profile, antioxidative status, production traits, and
carcass quality of fattening lambs was the study’s main goal.
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2. Materials and Methods

The European Union Directive 2010/63/EU, the Animal Protection Act (NN 133/06,
NN 37/13, and NN 1. kg125/13), the Act on the Protection of Animals Used for Scientific
Purposes (NN 55/13), and other relevant legal acts on the welfare of farm animals were
all followed in this research. Consequently, the Bioethical Committee for Research on
Animals of the Faculty of Agrobiotechnical Science Osijek (22-03, 17 March 2022) accepted
the protocol of the animal study.

2.1. Experiment Design and Body Weight Analysis

The study was carried out on 20 Merinoladschaf lambs aged 70 days after wean-
ing on the Sičaja family farm in Gašinci (Osijek-Baranja County, Croatia; 45◦2000500 N,
18◦1805900 E), during the year 2022. The selected lambs were fed a feed mixture and
meadow hay (40:60) as well as salt and water ad libitum. In addition, an acclimatization
phase was carried out to accustom the lambs to the new feed, which lasted 7 days. The
selected lambs were in the same sex ratio (50 M: 50 F), body weight, age, and in good
physical condition and health. The lambs were divided into 2 groups of 10 lambs each.
Each group was housed and ate together in an enclosure (5 m × 4 m). The study lasted
30 days, during which body weight was determined at the beginning and end of the study
by weighing (Kern EOS 150K50XL animal scales (Kern & Sohn, Balingen, Germany)). A
qualified technician evaluated the body condition score (BCS), which was measured using
Russel’s 5-point scale [34] (1 = thin to 5 = obese).

2.2. Analyses of Feed Mixture and Hay

As per the National Research Council [35], the feed mixtures were provided to the
lambs based on their specific needs, with an expected weight of approximately 32 kg.
Using a cutting mill (Microtron MB 550; Kinematica, Luzern, Switzerland) to grind the feed
mixture and meadow hay to a particle size of 1 mm, samples were taken, dried at 60 ◦C,
and their chemical composition was examined (Table 1). The standard methods of the
AOAC [36] were used to analyze the basic chemical composition of the feed. Methods for
the determination of proteins, ether extract, dietary fiber, and ash of feeds were described
in the work of Antunović et al. [37]. The crude protein content was estimated on the
basis of the nitrogen content using the Kjeldahl method. The concentrations of the ether
extracts were analyzed using the extraction system B-811 (Buchy, Flawil, Switzerland).
The crude fiber content was determined according to the Weende method and the NEM
according to INRAE-CIRAD-AFZ [38]. Finally, the crude ash concentration was determined
by burning the feed samples at 550 ◦C for 6 h. The extraction and determination of
polyphenols is presented in the work of Jakobek et al. [39]. Samples were weighed and
0.2 g was set in a tube and 1.5 mL of 80% (v/v) methanol was added in water. Then,
samples were vortexed and extracted for 15 min with an ultrasonic water bath (RK 100,
Bandelin, Berlin, Germany). Afterwards, samples were centrifuged for 10 min at 6739× g
(Eppendorf, Hamburg, Germany). The extract was transferred into a separate plastic tube.
Total polyphenols were determined by using the Shimadzu UV-1280 spectrophotometer
(Shimadzu Europe GmbH, Duisburg, Germany). Total polyphenols were expressed as mg
gallic acid equivalents (GAE)/kg of sample weight. Data are presented as the mean of
three parallels.
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Table 1. Ingredients and chemical composition of the feed mixture and meadow hay for
feeding lambs.

Ingredient (%)
Group

Meadow Hay Black Oat
CO BO

Ingredients composition

Corn 40.00 40.00
Oat 15.00 * -

Black oat - 15.00
Barley 21.30 21.30

Soybean meal 8.00 8.00
Soybean toasted 12.00 12.00

Limestone 0.30 0.30
Cattle salt 0.40 0.40

Mineral premix ** 3.00 3.00

Chemical composition (g/kg DM)

Dry matter 950.00 945.00 946.70 950.20
Crude proteins 155.00 152.90 102.70 73.60

Ether extract 48.30 48.60 7.00 48.70
Crude fibre 22.30 36.90 353.70 101.30

Ash 66.90 60.40 51.50 28.80
NEM, MJ/kg 8.00 7.00 4.50 -

Polyphenols (total; mg
gallic acid equivalents

(GAE)/kg)
1631.15 2234.63 4730.30 1538.46

CO—control oat, BO—black oat; NEM-net energy for meat production; * content of total polyphenol in oat is
1053.58 mg/kg. ** Mineral-vitamin premix for lambs: 8% Ca, 5% P, 9.5% Na, 2.00% Mg, 400,000 IU vitamin A,
40,000 IU vitamin D, 500 mg vitamin E, 4000 mg Zn, 2000 mg Mn, 60 mg I, 10 mg Co, 50 mg Se.

2.3. Blood Sampling and Analysis

Blood samples were taken from the lambs at the start and end of the study (days 1
and 30). Sterile vacuum tubes (Vacutube®, LT Burnik, Vodice, Slovenia) were used for
blood sampling from the jugular vein. The hematological indicators (leukocytes—WBC,
erythrocytes—RBC, hemoglobin content—HGB, HCT—hematocrit, mean corpuscular
volume—MCV, mean corpuscular hemoglobin—MCH, mean corpuscular hemoglobin
concentration-MCHC and platelet count—PLT) were determined on the Sysmex pocH
100 iV hematology 3-Diff analyzer (Sysmex Europe GmbH, Hamburg, Germany). Blood
smears stained with the Pappenheim procedure and fixed in air were used to calculate the
relative proportion of each kind of leukocyte. An Olympus BX 51® microscope (Olympus,
Tokyo, Japan) was used to differentiate the white blood count. Following blood collection,
lamb serum was separated using centrifugation for 10 min at 1609.92× g. An Olympus
AU640 analyzer (Olympus, Tokyo, Japan) was used for analysis. Mineral concentrations
(calcium—Ca; inorganic phosphorus—P; magnesium—Mg), biochemical parameters (glu-
cose, urea, total proteins, cholesterol, albumin, globulin, triglycerides, high-density lipopro-
tein (HDL), low-density lipoprotein (LDL), β-hydroxybutyrate (BHB), non-esterified fatty
acids (NEFA) and enzyme activities (glutathione peroxidase-GPx, superoxide dismutase-
SOD, alanine aminotransferase—ALT; aspartate aminotransferase—AST; gamma-glutamyl
transferase—GGT and alkaline phosphatase—ALP) were determined in serum using Olym-
pus System Reagents (Olympus Diagnostica GmbH, Lismeehan, Ireland). The globulin
content was determined as a subtraction of total protein and albumin.

2.4. Analyses of Carcass Measures and Meat Quality

The lambs were weighed on an automated animal scale, the Kern EOS 150K50XL
(Kern und Sohn, Balingen, Germany), prior to slaughter. On the Croatian market, lamb is
sold as whole carcass with head and kidneys. This is why these parts were not separated
from the carcass or weighed separately. After slaughter (classic method of bleeding by
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severing the large blood vessels in the neck external jugular vein and common carotid
artery) and bleeding of 10 lambs, the skin of the lambs was removed from the carcasses
and the organs of the abdominal cavity (forestomach, stomach, spleen, intestines, and
liver) and the thoracic cavity (trachea with lungs and heart) were cut off. Weighing was
conducted on the skin, lower limbs, internal organs, and carcasses itself. The carcasses were
measured using the standard developmental technique (linear measurement) according
to Antunović et al. [40]: length (carcass length 1—os pubis to the atlas; length 2—os pubis
to the first rib; length 3—os pubis to the last rib); circumference of the carcass at chest;
length of the hind legs (tuber calcanei to tubercule ossis ischia); and circumference of the
hind legs (the widest part). Evaluation of meat quality samples of lamb meat (musculus
semimembranosus) was taken from all lambs immediately after carcass processing. The pH1
values and the color of the lamb carcass were determined 45 min post-mortem, while pH2
was determined 24 h post-mortem. The pH of muscle (a central part) was measured with a
Mettler Toledo contact pH meter (Mettler Toledo, Columbus, OH, USA). In accordance with
the CIE [41] L*a*b* color system standard, the meat’s color was measured using a portable
Minolta Chroma Metre CR-410 (Minolta Camera Co. Ltd., Osaka, Japan). The formula for
calculating dressing percentage was (pre-slaughter weight − carcass weight × 100). Water
holding capacity was measured according to the method of Sierra [42].

The hue angle and colorfulness were computed using the formulas:

H* = tan−1 (b*/a*) × (180/π) (1)

C* =
√

(a*2 + b*2) (2)

2.5. Extraction of Antioxidants from Lamb Muscle, Liver, and Kidney Samples to Assess
Antioxidative Status

Immediately after slaughter, muscle (musculus semimembranosus), liver, and kidney
samples were taken and observable fat was detached. Homogenates were prepared in
0.05 M phosphate buffer (pH 7) using an Ultra Turrax (IKA T18 Basic, Labortechnik, Staufen,
Germany) homogenizer (10 w/v) and centrifuged at 12,000× g for 60 min at 4 ◦C. The
equipment used was a centrifuge Hermle Z 326 K (Hermle Labortechnik GmbH, Wehingen,
Germany). The extraction was performed in triplicate. The prepared extracts were stored
at −80 ◦C in a Binder UF V 700 Ultra-low temperature freezer (BINDER GmbH, Tuttlingen,
Germany) until they were analyzed. The supernatant obtained was used for DPPH radical
scavenging activity and TBARS.

2.5.1. Free-Radical-Scavenging Activity of 2,2-Diphenyl-1-picrylhydrazyl (DPPH)

With slight adjustments, the DPPH radical scavenging assay previously reported by
Qwele et al. [43] was used to measure the extracts’ overall antioxidant activity. A volume
of 625 µL of 0.2 mM DPPH prepared in methanol was added to 625 µL of supernatant,
which had been diluted with distilled water at a 1:4 ratio. The mixture was vortexed and
allowed to stand for 30 min in the dark at room temperature. A tube containing 625 µL
methanol and 625 µL DPPH solution was used as a control, while methanol alone served
as a blank. To establish a baseline, ascorbic acid (AA) was utilized. We took three duplicate
measurements for each. DPPH scavenging activity was calculated using Equation (1), and
absorbance was measured at 517 nm using a spectrophotometer (Lambda 25, Perkin Elmer,
Waltham, MA, USA).

DPPH activity = ((Ab + As − Am)/Ab) × 100 (3)

where Ab is the absorbance of the 0.1 mM DPPH radical solution at λ = 517 nm, As is the
absorbance of the extracts at λ = 517 nm, and Am is the absorbance of the mixture of tested
extracts and DPPH radical at 517 nm.
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2.5.2. Thiobarbituric-Acid-Reactive Substances (TBARS)

The TBARS method was used to quantify lipid peroxidation in muscle (musculus
semimembranosus), liver, and kidney samples. Slight adjustments were made to the
parameters published in Liu et al.’s [44] paper. In brief, a volume of 1.5 mL of 0.1%
trichloroacetic acid was added to 300 µL of supernatant and centrifuged at 6000× g for
5 min at 4 ◦C. The equipment used was a centrifuge Hermle Z 326 K (Hermle Labortechnik
GmbH, Wehingen, Germany). A volume of 800 µL TBA/TCA solution reagent (0.5% 2-
thiobarbituric acid in 20% trichloroacetic acid) was added to 400 µL supernatant, vortexed,
and heated to 95 ◦C for 30 min in a boiling water bath. The mixtures were then cooled on
ice for 10 min and centrifuged at 18,000× g for 15 min at 4 ◦C with a centrifuge Hermle Z
326 K (Hermle Labortechnik GmbH, Wehingen, Germany). The same procedure without
adding the sample was performed for the blank and the absorbance values were measured
(532 nm and 600 nm) using a spectrophotometer (Lambda 25, Perkin Elmer, Waltham,
MA, USA). The concentration of malondialdehyde (MDA) was calculated using the molar
extinction coefficient of MDA (156,000 M−1 cm−1). The results were expressed as mg MDA
equivalents per kg tissue sample.

2.6. Statistical Analysis

The normality of data distribution was checked by the Shapiro–Wilk test. The mean
values of the obtained results were calculated by MEANS procedures in the statistical
program TIBICO Statistica® (version 13.3.0) [45]. Differences between mean values of
analyzed results were examined by ANOVA using feeding treatment as a fixed effect.

3. Results
3.1. Production Traits

There were no significant variations in the lambs’ production traits based on the
feeding, as indicated by Table 2. The analysis of slaughter characteristics of lamb carcasses
(Table 3) and its development (Table 4) did not reveal any significant changes. Physical
properties of lamb carcass are presented in Table 5 in which a decreased value of pH1
musculus semimembranosus 45 min post-mortem was determined.

Table 2. Production traits of lambs.

Traits
Measuring

Time (Days)
Groups (Mean ± sd)

SEM p-Values
CO BO

Body mass (kg) 1 23.71 ± 1.58 24.75 ± 1.34 0.34 0.13
30 33.71 ± 2.65 34.00 ± 2.27 0.54 0.80

Daily gain (kg) 1–30 0.333 ± 0.05 0.309 ± 0.05 0.01 0.29
Feed conversion (DM/g gain) 1–30 2.86 2.88
Feed consumption (g/days) 1–30 0.95 0.89

BCS (point) 1 3.53 ± 0.27 3.66 ± 0.23 0.06 0.26
30 3.88 ± 0.23 4.00 ± 0.21 0.05 0.06

sd—standard deviation; SEM—standard error of the mean; BCS—body condition score; DM—dry matter;
CO—control oat group, BO—black oat group.

Table 3. Slaughtering characteristics of lamb carcasses.

Indicators
Groups (Mean ± sd)

SEM p-Value
CO BO

Pre-slaughter mass (kg) 33.71 ± 2.65 34.00 ± 2.27 0.54 0.80
Carcass mass (kg) 19.06 ± 1.33 18.47 ± 1.03 0.27 0.28

Entrails mass * (kg) 1.50 ± 0.30 1.45 ± 0.26 0.06 0.71
Skin and legs mass (kg) 4.52 ± 0.40 4.64 ± 0.59 0.11 0.60
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Table 3. Cont.

Indicators
Groups (Mean ± sd)

SEM p-Value
CO BO

Forestomach and intestines mass (kg) 7.78 ± 0.87 7.09 ± 0.59 0.18 0.06
Carcass dressing (%) 56.73 ± 4.54 54.37 ± 1.50 0.78 0.14

sd—standard deviation; SEM—standard error of the mean; * lungs, trachea, heart, liver; CO—control oat group,
BO—black oat group.

Table 4. Development measures of lamb carcasses.

Measures
Groups (Mean ± sd)

SEM p-Value
CO BO

Carcass length 1 (cm) 73.90 ± 3.03 74.40 ± 3.06 0.67 0.72
Carcass length 2 (cm) 51.95 ± 2.59 53.40 ± 3.45 0.68 0.30
Carcass length 3 (cm) 29.00 ± 1.53 29.90 ± 1.70 0.37 0.23

Carcass circumference (cm) 65.85 ± 1.84 66.90 ± 1.58 0.44 0.06
Hind legs length (cm) 30.60 ± 4.01 30.15 ± 2.54 0.73 0.21

Ham circumference (cm) 52.60 ± 1.90 54.05 ±1.89 0.44 0.11
sd—standard deviation; SEM—standard error of the mean; carcass length 1 = (os pubis–atlas); carcass length
2 = (os pubis–first rib); carcass length 3 = (os pubis–last rib); CO—control oat group, BO—black oat group.

Table 5. Physical properties of lamb carcasses.

Indicators
Groups (Mean ± sd)

SEM p-Value
CO BO

pH1 6.51 ± 0.15 6.37 ± 0.10 0.03 0.03
pH2 5.69 ± 0.05 5.66 ± 0.05 0.12 0.24

WHC (%) 25.50 ± 5.07 28.23 ± 3.88 1.03 0.19
Color

L* 44.32 ± 1.24 43.00 ± 1.82 0.37 0.08
a* 19.03 ± 1.41 19.30 ± 0.80 0.25 0.14
b* 2.47 ± 0.26 2.42 ± 0.27 0.06 0.68

Hue angle 7.44 ± 0.90 7.17 ± 0.88 0.20 0.51
Chroma 19.19 ± 1.40 19.45 ± 0.79 0.25 0.61

sd—standard deviation; SEM—standard error of the mean; CO—control oat group, BO—black oat group;
WHC—water holding capacity.

3.2. Blood Parameters and Antioxidative Status

Table 6 displays the hematological indicators in which a significant increase in RBC,
HCT, and MCV content, and a decrease in EOS was presented at the end of study in the
blood of the BO group. Table 7 presents the biochemical indicators in which significant
differences were observed, namely a significant increase in TP, ALB, and GLOB concentra-
tions, but also a significant decrease in glucose concentrations at the end of the study in the
blood of the BO groups compared to CO. Enzyme activities are presented in Table 8 when
feeding lambs feed mixture with black oats. Significant differences were observed in GPx
and SOD activities, but a significant decrease in ALT and ALP enzyme activity was also
found at the end of the study in the blood of the BO groups compared to CO.

TBARS content in all tissues in BO was lowered compared to the CO group but not
significant (Figure 1). Non-significant changes in the DPPH scavenging activity were found
in the muscle and kidney. However, a numerical increase in the DPPH scavenging activity
was found in all tissues in BO group. Figure 2 shows that BO lambs had a significantly
higher DPPH scavenging activity in the liver compared to CO lambs.
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Table 6. Hematological parameters in lambs.

Indicators
Measuring
Time (Day)

Groups (Mean ± sd)
SEM p-Values Ref. Values [46]

CO BO

WBC × 109 L 1 10.51 ± 2.74 10.39 ± 1.85 0.51 0.91 5.10–15.90
30 11.31 ± 3.02 12.12 ± 3.60 0.73 0.59

RBC × 1012 L 1 9.74 ± 1.19 10.50 ± 0.88 0.24 0.14 9.20–13.00
30 9.17 ± 3.02 10.45 ± 0.63 0.27 0.01

HGB (g/L) 1 117.70 ± 9.90 120.70 ± 2.62 2.02 0.47 105.00–137.00
30 121.80 ± 10.41 129.00 ± 9.84 2.35 0.13

HCT (L/L) 1 0.44 ± 0.11 0.48 ± 0.12 0.03 0.41 0.28–0.47
30 0.34 ± 0.06 0.40 ± 0.03 0.01 0.003

MCV (fL) 1 46.09 ± 18.50 46.50 ± 15.24 0.69 0.96 28–41
30 36.46 ± 0.06 38.09 ± 1.29 0.35 0.02

MCH (pg) 1 12.22 ± 1.86 11.57 ± 0.62 0.31 0.31 10–13
30 13.61 ± 3.02 12.41 ± 1.54 0.54 0.28

MCHC (g/L) 1 279.00 ± 41.70 261.30 ± 43.92 9.54 0.37 332–392
30 357.90 ± 101.63 327.80 ± 50.85 18.34 0.20

PLT × 109 L 1 680.80 ± 68.87 634.60 ± 155.73 26.74 0.40 426.00–
30 610.53 ± 47.09 591.80 ± 129.74 21.35 0.67 1142.00

Differential blood smears (%)

EOS 1 4.50 ± 3.60 5.40 ± 8.46 1.42 0.76 1–8 [47]
30 2.60 ± 1.65 1.00 ± 0.67 0.33 0.01

SEG 1 33.30 ± 7.82 29.20 ± 5.79 1.70 0.07 10–50 [47]
30 26.10 ± 6.74 24.40 ± 11.02 1.99 0.68

BAC 1 0.20 ± 0.42 0.40 ± 1.71 0.37 0.06 0 [47]
30 0 0.10 ± 0.32 0.05 0.33

LYMPH 1 56.60 ± 9.24 64.50 ± 11.96 2.50 0.16 50–75 [47]
30 69.50 ± 8.44 73.60 ± 10.78 2.16 0.36

MONO 1 4.80 ± 6.63 0.90 ± 1.20 1.13 0.08 0–4 [47]
30 1.70 ± 2.00 0.70 ± 0.95 0.36 0.17

BAS 1 0.59 ± 0.70 0.60 ± 1.08 0.20 0.99 0–1 [47]
30 0.10 ± 0.32 0.20 ± 0.42 0.08 0.56

sd—standard deviation; SEM—standard error of the mean; CO—control oat group, BO—black oat group; WBC—
white blood cells; RBC—red blood cells; HGB—hemoglobin content; HCT—hematocrit; MCV—mean corpuscular
volume; MCH—mean corpuscular hemoglobin; MCHC—mean corpuscular hemoglobin concentration; PLT—
platelet count; SEG—segmented neutrophils; LYMPH—lymphocytes; EOS—eosinophils; MONO—monocytes;
BAS—basophils; BAC—band cells.

Table 7. Lambs’ blood biochemical parameters.

Indicators
Measuring
Time (Day)

Groups (Mean ± sd)
SEM p-Values Ref. Values [46]

CO BO

Ca (mmol/L) 1 2.77 ± 0.16 2.89 ± 0.23 0.05 0.20 2.42–2.92
30 2.85 ± 0.21 2.68 ± 0.28 0.08 0.12

P-inorganic
(mmol/L)

1 3.04 ± 0.60 3.31 ± 0.52 0.13 0.29 1.88–3.34
30 3.05 ± 0.35 2.99 ± 0.38 0.10 0.08

Mg (mmol/L) 1 1.55 ± 0.19 1.61 ± 0.22 0.05 0.52 0.91–1.31
30 1.52 ± 0.18 1.42 ± 0.14 0.04 0.17

Glucose
(mmol/L) 1 6.62 ± 0.52 6.39 ± 0.58 0.12 0.37 2.70–4.80

30 6.57 ± 0.34 6.06 ± 0.67 0.13 0.046



Agriculture 2024, 14, 1550 9 of 16

Table 7. Cont.

Indicators
Measuring
Time (Day)

Groups (Mean ± sd)
SEM p-Values Ref. Values [46]

CO BO

Urea (mmol/L) 1 6.55 ± 1.07 6.80 ± 1.83 0.33 0.72 5.00–9.10
30 9.76 ± 1.51 9.67 ± 0.97 0.28 0.89

Total 1 60.80 ± 4.01 59.19 ± 4.32 0.93 0.40 51.00–64.00
proteins (g/L) 30 58.50 ± 3.19 65.64 ± 4.30 1.16 0.007

ALB (g/L) 1 30.87 ± 2.47 28.97 ± 2.01 0.54 0.08 30.00–37.00
30 28.64 ± 4.57 32.32 ± 1.69 0.86 0.03

GLOB (g/L) 1 29.93 ± 3.63 30.22 ± 3.64 0.79 0.86 19.00–30.00
30 29.82 ± 3.62 33.33 ± 3.33 0.86 0.04

CHOL
(mmol/L) 1 1.42 ± 0.46 1.63 ± 0.76 0.14 0.46 1.35–1.97 [48]

30 1.43 ± 0.22 1.29 ± 0.30 0.06 0.26

HDL (mmol/L) 1 0.73 ± 0.26 0.87 ± 0.19 0.05 0.19 0.68–0.97 [49]
30 0.83 ± 0.09 0.77 ± 0.17 0.03 0.09

LDL (mmol/L) 1 0.42 ± 0.26 0.64 ± 0.49 0.09 0.22 0.10–0.50 [49]
30 0.45 ± 0.14 0.39 ± 0.17 0.03 0.80

TRIG (mmol/L) 1 0.43 ± 0.10 0.40 ± 0.07 0.02 0.48
30 0.33 ± 0.14 0.29 ± 0.04 0.02 0.78 0.00–2.00 [48]

NEFA
(mmol/L) 1 0.35 ± 0.47 0.17 ± 0.18 0.08 0.27 <0.4

30 0.27 ± 0.22 0.26 ± 0.14 0.04 0.88

BHB (mmol/L) 1 0.29 ± 0.12 0.28 ± 0.13 0.03 0.87 0.2–0.7
30 0.30 ± 0.10 0.38 ± 0.12 0.03 0.11

sd—standard deviation; SEM—standard error of the mean; CO—control oat group, BO—black oat group; Ca—
calcium; P—inorganic phosphorus; Mg—magnesium; ALB—albumin; GLOB—globulin; CHOL—cholesterol,
TRIG—triglycerides, HDL—high-density lipoprotein; LDL—low-density lipoprotein; NEFA—non-esterified fatty
acids; BHB—β-hydroxybutyrate.

Table 8. Blood enzyme activity in lambs.

Indicators
Measuring
Time (Day)

Groups (Mean ± sd)
SEM p-Values Ref. Values [46]

CO BO

AST (U/L) 1 107.88 ± 8.84 116.03 ± 11.98 2.48 0.10 83.00–140.00
30 130.55 ± 16.11 119.27 ± 5.76 2.93 0.052

ALT (U/L) 1 13.43 ± 3.24 15.29 ± 5.24 0.97 0.35 6.00–20.00 [48]
30 16.06 ± 2.53 12.55 ± 0.69 0.57 0.0006

ALP (U/L) 1 441.97 ± 114.50 459.56 ± 98.01 23.28 0.72 300–500 [50]
30 590.11 ± 59.36 508.66 ± 64.23 16.39 0.009

GGT (U/L) 1 81.31 ± 10.09 68.58 ± 19.44 3.67 0.08 56.00–110.00
30 72.49 ± 9.50 70.10 ± 10.30 2.14 0.59

GPx (U/L) 1 524.02 ± 37.77 524.73 ± 38.98 8.35 0.97 >600 [50]
30 510.27 ± 36.74 676.73 ±109.68 25.85 0.0005

SOD (U/mL) 1 0.39 ± 0.10 0.43 ± 0.11 0.04 0.366 0.39–0.67 [50]
30 0.54 ± 0.08 0.63 ± 0.10 0.03 0.047

sd—standard deviation; SEM—standard error of the mean; CO—control oat group, BO—black oat group; (LDL),
AST—aspartate aminotransferase; ALT—alanine aminotransferase; ALP—alkaline phosphatase; GGT—gamma-
glutamyl transferase; GPx—glutathione peroxidase; SOD—superoxide dismutase.
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4. Discussion
4.1. Production Traits

It is well known that weaning is a very stressful period for the ruminants since it is
a process in which milk is gradually replaced with concentrates or diets based on grains
and forage. It has been confirmed that sheep’s and goats’ high metabolic demands make
them more vulnerable to oxidative stress. The occurrence of oxidative stress in ruminants
jeopardizes their productivity and health. One of the main dietary sources of polyphenols
is cereal, particularly whole grains [51]. Whole grains contain non-nutritive chemicals
called polyphenols, which are mostly flavonoids, lignans, and phenolic acids and found
in all structural domains of cereal components. The influence of polyphenols in stress
during weaning of young domestic animals (calves, lambs, piglets) improves digestion
and absorption of nutrients, improves the function of the intestinal barrier, improves the
function of the intestinal microbiota, and thus provides positive effects [52]. In the present
study, no significant effect of black oats in the diet was found on the production traits of
lambs (daily gain, BCS, conversion, and feed consumption), the slaughter traits of lamb
carcasses (weight, individual parts of the carcass and yield, developmental measures, and
physical characteristics of carcasses, with the exception of pH1). Bernardes et al. [23,24]
obtained satisfactory production and slaughter indicators for lambs when using black
oats together with other grains in the meals of fattening lambs. In the study by Tian
et al. [53] conducted with goat kids at the age of 90 days (weight 21.38 kg) with the aim of
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investigating the influence of anthocyanins from purple corn on traits, meat quality and
antioxidant activity of muscles, no influence on the performance of kids (daily gain, feed
conversion, feed consumption) was determined. In the study by Orzuna-Orzuna et al. [54],
the effects of a polyphenol-containing polyherbal mixture (PM) on growth performance,
carcass characteristics, and meat quality in lambs during the fattening period were investi-
gated. The above authors found no changes in final body weight, body condition, carcass
characteristics, and meat quality between treatments (p > 0.05). Cimmino et al. [55] found
that there were no differences in productive traits (daily gain, carcass weight, pH and per-
centage of dressing) in a study with additional dietary supplementation with polyphenols
(3.2 mg/day for 78 days) from the residual water after olive oil extraction in Saanen goat
kids. Since consumers are guided by color when choosing fresh meat, the same authors
have demonstrated the importance of color for meat quality. The meat of the lambs did
not change in color during the current investigation. Similar conclusions were reached in
studies in which the addition of polyphenols and flavonoids to the diet had no effect on
the color of the meat of lambs [56].

4.2. Blood Parameters and Antioxidative Status

The metabolic profile of blood can be used to diagnose and predict disease and to
assess the physiology and welfare of animals [57]. The beneficial effects of polyphenols in
animals depend largely on their bioavailability in target tissues [58], cellular distribution,
and metabolism after absorption. The analysis of the metabolic profile of the lambs’ blood
showed a significant increase in the content of hematological indicators (RBC, HCT, and
MCV) and a decrease in the content of EOS in the blood of the lambs in the BO group com-
pared to the CO group. All hematological parameters in the blood of lambs showed very
little variation overall, with the results being within the reference range for lambs [37,47,59].
In their study, Teng et al. [60] concluded that the positive effect of polyphenols on ery-
thropoiesis could be beneficial both in healthy people and in patients with metabolic
diseases. Youdim et al. [61] showed that polyphenols are known to protect against reactive
oxygen-species-induced hemolysis by increasing red blood cell integrity in conjunction
with inhibition of lipid peroxidation. In the study by Orzuna-Orzuna et al. [54], the effects
of a polyphenol-containing polyherbal mixture (PM) on blood metabolite concentrations
in lambs during the fattening period was studied. Authors found an increase (p < 0.05) in
MCHC and lymphocytes and a decrease in SEG in experimental lamb’s blood fed the PM
diet compared to the CON treatment (p < 0.05), which they classify as beneficial for the
health status of the lambs. The analysis of biochemical indicators and enzyme activity in
the blood revealed significantly higher concentrations of TP, ALB, and GLOB as well as
GPx and SOD activities but also a significant decrease in glucose concentrations and ALT
and ALP enzyme activity at the end of the study in the blood of the BO groups compared
to the CO group. It is also noticeable that there was a decrease in total, high-density
lipoprotein and low-density lipoprotein and triglycerides in the blood of the lambs in
the BO group compared to the CO group, but without significant differences (p > 0.05).
The biochemical indicators determined in the blood were within the reference values for
lambs [46,49,62]. Higher protein concentration in the lamb’s blood of the BO group can
be associated with increased amino acid and microbial protein flux in the duodenum of
ruminants fed flavonoids [63], while increased globulin levels in serum are an indicator
of an improved immune response of the lamb’s body [57]. The liver plays a very impor-
tant role in protein metabolism. Any damage to its cells is reflected in the total serum
proteins [64]. Giannenas et al. [65] showed that the addition of a plant additive rich in
polyphenolic compounds to the ration of cows reduced blood urea and increased serum
globulin and total protein concentrations, improved nutritional status, increased microbial
protein synthesis and minimized protein catabolism. When compared to the CO group,
the glucose levels in the blood serum of the BO lambs was significantly lower at the last
of the research. In a study by Antunović et al. [37], a lower blood glucose concentration
was found when red corn in the ration of fattening lambs compared to the blood of lambs
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fed yellow corn. Even at low concentrations (1%), oat β-glucans are thought to have a
high viscosity, which may contribute to lower plasma glucose and insulin levels as seen
in type 2 diabetics by delaying intestinal transit, gastric emptying, and glucose and sterol
absorption [66]. The activity of aspartate transferase in blood, gamma-glutamyl transferase,
alkaline phosphatases, and cholesterol concentrations are used to diagnose hepatic injury in
people and animals, alkaline phosphatases activity and cholesterol concentrations are used
to indicate biliary blockage or mild and progressive liver damage [67]. ALT, a particular
hepatic enzyme generated following hepatocellular injury, is utilized to measure liver
damage instead of GGT. The current study’s much lower ALT and ALP at the conclusion
imply that neither liver nor muscle damage occurred because their activities were within
the reference levels [48]. Antioxidant enzymes such as SOD, GPx, and catalase help to
maintain a healthy level of antioxidants within cells [68].

In the present study, significantly higher GPx and SOD activities in the blood, signifi-
cantly higher DPPH scavenging activity in the liver of BO lambs compared to CO lambs
were found. In the study by Tian et al. [53] conducted study with goat kids at the age of
90 days with the aim to research the influence of anthocyanins from purple, determined
a significantly higher DPPH scavenging activity and peroxidase levels in muscle (longis-
simus thoracis et lumborum). In the muscle and kidney samples, no significant changes
(p > 0.05) were found in the TBARS content and DPPH scavenging activity, although
lower TBARS content and higher DPPH scavenging activity were determined in the BO
groups in comparison to the CO group, especially in the liver. The changes mentioned
indicate a moderate antioxidant activity in the BO group compared to the CO group. It
is to be expected that a longer duration of the study would result in a significantly more
pronounced positive influence on the antioxidant status of the meat and kidney of lambs in
the BO group. Similar results in lambs fed with feed mixture with added red corn were
determined by Antunović et al. [37]. Changes in antioxidant status in the kidneys may be
associated with the specific uptake or excretion of some tissue metabolites or intracellular
metabolism [69]. In recent years, the health effects of whole-grain products have been
closely associated with their phenolic compounds and antioxidant effects [51]. Polyphenols
not only have strong antioxidant properties [70] but also have bacteriostatic [71], hepatopro-
tective [72], cholesterol-lowering [73], and immune-boosting [74] effects. In rations rich in
polyphenols, an inhibitory effect on the lipid oxidation of meat (reduction of MDA levels)
in lamb [75], an increase in the percentage of inhibition of lipid oxidation, an increase in
superoxide dismutase activity in the blood of goats [43], and an inhibitory effect on lipid
oxidation (reduction of MDA levels) in goat kids [55] were observed in small ruminants. In
the current study, a lower pH1 value was found in the carcasses of BO lambs compared
to the CO group. The lamb’s pH2 was within the usual range of 5.5 to 5.8, despite the
lamb’s pH being similar among treatments [76]. According to Dalle’s research [77], meat
preservation during storage depends on maintaining an acting bacteriostatic pH below 5.8.
Higher pH values, on the other hand, promote the proliferation of proteolytic microbes.
The above opens up the possibility of using black oats in other types of ruminants in the
future research. This is especially important during the stressful conditions during the
weaning period.

5. Conclusions

The observed changes in glucose, protein metabolism in the of lamb’s blood and
tissues antioxidant status indicate that the use of polyphenol-rich black oats is justified
when feeding lambs under stressful conditions, such as in the post-weaning period. In
the future, it would be more beneficial to obtain the study with a longer period of feeding
lambs with black oats, with its larger amount in the mixture, especially in older sheep,
which may possibly improve the antioxidant activity of the meat. Therefore, a polyphenol
profile in feed and meat also needs to be carried out in the future.
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3. Čech, M.; Ivanišová, E.; Hozlár, P.; Tokár, M.; Zagula, G.; Gumul, D.; Kačániová, M.; Sterczyńska, M.; Haščík, P. Nutritional
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39. Jakobek, L.; Matić, P.; Ištuk, J.; Barron, A.R. Study of interactions between individual phenolics of aronia with barley β-glucan.
Pol. J. Food Nutr. Sci. 2021, 71, 187–196. [CrossRef]
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