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The aim of our study was to evaluate the effects of Lactobacillus farciminis and Lactobacillus rhamnosus on live weight gain, feed
consumption indicators, and some metabolic blood biochemical and meat quality indicators of specific pathogen-free Ross 308
broiler chickens. We carried out the study in three trials and included a total of 780 unsexed Ross 308 chickens, which we
randomly divided into two groups: the control group (Con, n =390, basal diet) and the probiotic group (ProL, n =390, basal
diet + a powder consisting of L. farciminis and L. rhamnosus 4 g/10 kg of feed). We raised broilers until day 35. We determined the
amount of feed consumed, the average daily weight gain, the feed conversion ratio, the average daily feed intake, and the
cumulative feed intake once a week. We collected blood samples from 45 broilers from each group at the end of the study. In
addition, we slaughtered 30 broilers from each group by cervical dislocation to obtain a breast muscle sample (without skin) to
determine meat quality in these chickens (cholesterol and unsaturated, omega-3, omega-6, omega-9, and saturated fatty acids).
Feeding a probiotic mixture containing L. farciminis and L. rhamnosus did not significantly affect the growth and feed intake
indicators. Feeding these probiotics significantly lowered the blood serum cholesterol levels but did not provide the expected
reduction in meat cholesterol levels. However, feeding a probiotic mixture increased the levels of polyunsaturated fatty acids
(omega-3 and omega-6 fatty acids) in the breast meat and decreased saturated fatty acids. To better explain the effect of the
combination of lactic acid bacteria (L. farciminis and L. rhamnosus) on the growth and development of broiler chickens in our
study, histological and immunohistochemical examinations should be performed.

1. Introduction

Probiotics are living microorganisms that, when adminis-
tered in adequate amounts, improve the health of the host.
Other definitions have been developed over the years that
specify their mechanisms of action, site, delivery format,
method, or host [1]. The positive effects of probiotics on the
body have been widely studied in both human and veteri-
nary medicine. The use of probiotics in farm animals has
become an important research topic since 2006, when the
use of antibiotics for disease prevention and productivity

stimulation was banned in the European Union [2]. Poultry
industry producers face various problems such as a reduced
growth rate, dysbacteriosis of the digestive tract, and en-
teritis caused by various pathogens [3, 4]. Solutions to these
and other problems are still being sought, and research has
been conducted to prove the positive effects of probiotics on
the host.

The effects of probiotics on growth performance have
been widely studied. For example, Hussein and Selim [5]
reported that feeding multistrain probiotics to broilers
significantly reduced daily feed intake and improved feed
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conversion compared with the control group. Similarly,
Chen et al. [6] fed Lactobacillus rhamnosus to broilers (white
leghorns) and observed a significantly increased live weight
and average daily gain as well as a significantly decreased
feed conversion ratio (FCR) at the end of the study.
However, Qorbanpour et al. [7] fed male Ross 308 broilers
multistrain probiotics (including Lactobacillus acidophilus
and Lactobacillus casei) and showed that the experimental
diet had no effect on daily feed intake, weight gain, and
overall feed conversion throughout the study period. Zhu
et al. [8] obtained similar results: feeding female broilers
probiotics consisting of thermally inactivated Bacillus sub-
tilis and L. acidophilus in a 1:1 ratio, the authors reported
a significantly reduced FCR but found no significant dif-
ferences in parameters such as final body weight, average
daily gain, and average daily feed intake between groups.
These contradictory results indicate that additional studies
in this field are necessary.

The impacts of probiotics on biochemical indicators of
protein and fat turnover in the blood of birds are still subject
to debate. In several studies, broilers fed probiotics con-
taining various Lactobacillus spp. presented significantly
higher amounts of total protein, including albumin and
globulin, as well as significantly lower concentrations of
cholesterol, total lipids, and triglycerides in the blood
[5,9, 10]. However, in several studies, when broilers were fed
probiotics that included Lactobacillus spp., there were no
significant changes in the biochemical blood parameters at
the end of the study [7, 8, 11].

Currently, consumers demand cheap but high-quality
and nutrient-rich food. Therefore, producers and re-
searchers have focused on improving not only feed con-
version and bird productivity, but also the quality of the
obtained products, including poultry meat. According to
previous studies, when broilers are fed probiotics, the water-
binding capacity of the meat is increased [4, 12], along with
the percentages of moisture, protein, and ash in meat. In
contrast, the fat content is reduced [13, 14], along with the
cholesterol content [13, 15]. In poultry meat, the total
amounts of saturated fatty acids (SFAs) and unsaturated
fatty acids and their ratio are important quality indicators.
Poultry meat contains long-chain polyunsaturated fatty
acids (LC-PUFAs) and is a source of omega-3 (w-3), omega-
6 (w-6), and omega-9 (w-9) fatty acids. Various studies have
shown that probiotic feeding can increase the levels of
PUFAs and reduce the levels of SFAs in poultry meat,
thereby affecting the ratios of LC-PUFAs and SFAs [16, 17].
Alagawany [18] reviewed the results regarding various
sources of w-3 and w-6 fatty acids and concluded that
producers and scientists, using various vegetable oils or
products of fish origin as feed additives, often face the
problem of oxidative stability of the obtained poultry meat.
LC-PUFAs in meat are highly susceptible to oxidation,
resulting in off-flavours and off-odours in poultry meat,
which negatively affect meat quality and consumer ac-
ceptability. The authors acknowledged that it is necessary to
continue looking for ways to increase the amount of w-3
fatty acids in poultry meat and to bring the w-6/w-3 ratio
closer to 1-4/1 [18].
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Our research has shown that a feed supplement con-
taining L. farciminis and L. rhamnosus activates the internal
reserves of the alimentary canal of broiler chickens and
facilitates the digestion of industrially produced feed. This
would allow increasing the quantitative and qualitative in-
dicators of the meat, without harming or perhaps even
improving the health status of fast-growing broilers [19]. The
aim of our study was to determine the effects of L. farciminis
and L. rhamnosus on live weight gain, feed consumption
indicators, and some metabolic blood biochemical and meat
quality indicators of specific pathogen-free Ross 308 broilers.

2. Materials and Methods

2.1. Ethical Approval. Allissues related to the keeping of birds
were regulated by the Republic of Latvia Cabinet Regulation
No. 98, adopted on 2 February 2010, “Welfare Requirements
for Keeping and Use of Chicken for Meat Production” [20].
The study was approved by the Research Committee of the
Faculty of Veterinary Medicine, Latvia University of Life
Sciences and Technologies (protocol No.2021/1).

2.2. Experimental Design and Animal Management. The
experimental part of the study was conducted at the Clinical
Research Center, Faculty of Veterinary Medicine, Latvia
University of Life Sciences and Technologies, Jelgava, Latvia,
from April to December 2021. The study was organised in
three trials, namely, from April 21 to May 26, from June 22 to
July 27, and from November 10 to December 14. All trials
were identical, and the results for each relevant group were
combined and analysed. In total, 780 (260 in each trial)
specific pathogen-free Ross 308 broilers (males and females)
were obtained after hatching from the commercial hatchery
“Kekava” (chicks were not infested with any specific patho-
gens). The broilers were weighed and randomly divided into
two groups: the control group (Con, n=390 (130 in each
trial)) and the probiotic group (ProL, n=390 (130 in each
trial)). The groups were placed in two identical rooms
(biochambers) with full microclimate control (temperature,
humidity and air supply, control of incoming and outgoing
air composition, and light mode) and video surveillance. The
volume of each room was 9 m>. The birds were placed on deep
bedding, using clean pine and spruce shavings as bedding
material. In both groups, during the first week, the ambient
temperature in the chambers was maintained at 32-34°C,
which, as the birds grew, was gradually reduced to reach 20°C
by the end of the study. The daily light regime on the first day
was 23 h of light and 1 h of darkness (23 h/1 h). After that, the
dark regime was gradually extended, and from days 7 to 26,
the light regime was 18 h light and 6 h dark (18 h/6h). In the
last week of the study, the dark regime was gradually reduced
until it reached 20h of light and 4h of dark (20h/4h).

2.3. Diet and Supplementation of Lactobacillus spp. Fresh
drinking water was provided ad libitum in the drinking lines.
The basal diet for both groups (Con and ProL) was the same
and was composed according to the age of the chicks: starter
(from day 0 to 10), grower (from day 11 to 24), and finisher
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(from day 25 until the end of the study). The analytical
composition and physiological additives of the diet at each
stage of feeding are shown in Table 1. The ration was pre-
pared based on the Ross 308 breeding guidelines [21]. The
starter diet contained wheat grains, soy sprouts, vegetable
oil, corn gluten, monocalcium phosphate, fish meal, calcium
carbonate, sodium chloride, and sodium sulphate. The
grower and the finisher diets contained no fish meal, but they
did contain rapeseed and fatty acids.

We added a powder containing lactic acid bacteria to the
feed of the ProL group, consisting of L. farciminis (CNCM-I-
3699-7.8106 GU/g) and L. rhamnosus (CNCM-I-3698-
7.8.106 GU/g), at estimated doses of 4g per 10kg of feed
(initially mixing the probiotic powder into 1 kg of feed, then
mixing it with the rest of the daily feed ration for 5 minutes),
according to the conditions provided by the manufacturer
(STT Biotechnologie, France) [22]. The mixture was stored
and used exactly as recommended by the scientists involved
in the production.

2.4. Measurements of Growth Performance. The amount of
feed offered to each groups (Con and ProL) was the same.
Specifically, feed was offered twice a day in feeders with
suitably sized openings, reducing the possibility of the birds
scavenging it in the litter. The amount of feed consumed by
each group was determined once a week by weighing the
amount of uneaten feed left in the feeders of each group.
Based on the weight of the remaining and offered feed, the
weekly average amount of feed consumed per day and the
cumulative feed intake (CFI) were calculated.

The live body weight (LBW) for each bird in each group was
determined on the day of placing the bird and then once a week,
on days 7, 14, 21, 28, and 35. The average daily live weight gain
(ADWG) of chickens and the FCR were determined using the
formula provided by Chen et al. [6] in the following consecutive
study periods: days 1-7, 8-14, 15-21, 22-28, and 29-35.
Mortality was recorded once a day; the body weight of the bird
and the cause of death were determined. It should be noted that
chicken mortality during the study was lower than that under
Latvia’s production conditions (~2%-5%).

2.5. Blood Sample Collection and Examination. According to
our research methodology, and based on similar previous
studies [10, 11], blood samples were collected from the wing
vein of 45 randomly selected broilers of each group at the end
of the study. The samples were examined in the laboratory of
the Veterinary Clinic of Latvia University of Life Sciences and
Technologies, using a Mindray BS200 Clinical Analyzer, with
the absorbance photometry method. For this study, the fol-
lowing indicators were analysed: cholesterol (mmol/L), tri-
glycerides (mmol/L), uric acid (mmol/L), total protein (g/L),
albumin (g/L), and alkaline phosphatase (ALP, U/L).

2.6. Meat Sample Collection and Examination. To obtain
a breast meat sample (without skin) that could reflect the
production conditions, the broilers were stunned using the
cervical dislocation method and bled. This procedure was

TaBLE 1: Analytical composition and physiological additives of the
basal diet at each feeding stage.

Components Starter diet Grower diet Finisher diet
Crude
Protein, % 22.50 21.50 19.50
Fibre, % 2.40 2.86 2.83
Fat, % 4.24 5.20 7.22
Ash, % 4.32 4.73 3.68
Essential amino acids
Lysine, % 1.36 1.20 1.14
Methionine, % 0.84 0.60 0.85
Minerals
Ca, % 0.96 1.00 0.78
Na, % 0.35 0.16 0.19
P, % 0.50 0.50 0.50
Vitamins
A, SV/kg 16,900 14,300 13,000
Ds, SV/kg 6,500 5,500 5,000
E, mg/kg 104,0 88.0 80.0
Micronutrients
FeSO,, mg/kg 221 18.7 17.0
Ca (I03),, mg/kg 1.63 1.38 1.25
CuSO,, mg/kg 20.8 17.6 16.0
MnO2, mg/kg 156.0 132.0 120.0
ZnO, mg/kg 117.0 99.0 90.0
Na,SeO;, mg/kg 0.39 0.33 0.30

carried out by a certified butcher; hence, the meat samples
obtained during the study and the determined indicators are
identical to meat that would be obtained under the production
conditions. We obtained samples for meat quality examination
from 30 randomly selected broilers of each group at the end of
the study. After obtaining the samples, they were cooled, placed
in polyethylene packaging intended for laboratory samples, and
frozen at —22°C. Meat samples were investigated in the lab-
oratory of the Scientific Institute of Food Safety, Animal
Health, and Environment “BIOR” (Riga, Latvia). The following
parameters were determined: cholesterol (mg/100g), using
method BIOR-T-012-132-2011, and PUFAs (g/100 g), w-3 fatty
acids (g/100g), w-6 fatty acids (g/100g), w-9 fatty acids (g/
100 g), and SFAs (g/100g), using method BIOR-T-012-131-
2011. The PUFA/SFA and w-6/w-3 ratios were determined.

2.7. Statistical Analysis. We assessed the data distribution by
using the Shapiro-Wilk test and by inspecting the normal Q-
Q plots. We used Levene’s test to test for homogeneity of
variances. We determined the differences between the Con
and ProL groups by using the independent samples ¢-test
because the data were normally distributed and had ho-
mogenous variances. The results are presented as the
mean * standard deviation unless otherwise stated. We used
Microsoft Excel to visualise the data and the Jamovi program
[23] for statistical analysis. We considered p < 0.05 to be
a statistically significant difference.

3. Results and Discussion

3.1. Growth Performance. Since the ban on the prophylactic
use of antibiotics, researchers have evaluated the potential of
probiotics to improve growth performance in commercial



poultry farms [24]. Probiotics improve chicken growth by
participating in the processing of nutrients and by modu-
lating the intestinal microflora and improving the barrier
function of the intestinal walls. Probiotics lead to compet-
itive exclusion of pathogenic bacteria as they compete with
probiotics for nutrients, colonise the intestinal surface,
leaving no attachment points for pathogenic microflora, and
stimulate the immune system [25, 26].

The LBW, ADWG, CFI, and FCR did not differ sig-
nificantly between the Con and ProL groups (p > 0.05)
(Table 2). To exclude the influence of the environment,
pathogens and other stressors on the results, we tried to
provide the optimal keeping conditions for the broilers of
both groups throughout the study. Both groups performed
extremely well in all phases of the study. We noted such high
LBW and ADWG using lactic acid bacteria offered by the
same manufacturer in only one study [22]; more often, LBW
and ADWG were lower compared with the results of our
study [6, 10, 27, 28]. However, when analysing the dynamics
of the indicators, the curves of live weight and cumulative
feed consumption initially increased slowly (from days 1 to
14), followed by a rapid increase in live weight and feed
consumption (from days 15 to 35). This is the period when
birds consume more food and grow faster. On the other
hand, ADWG was initially higher (from days 1 to 28),
mainly because, from their initial small starting weight,
weight gain was faster; within a week, the chickens had
doubled or even tripled their weight. The feed conversion
curve increased gradually: as the birds grew larger, they
consumed more feed. However, because the feed use effi-
ciency was high, we did not observe a rapid increase in feed
conversion.

Opverall, there were very good production ratings in both
study groups, and there were no significant differences
between the groups. This could be explained by the fact that
under favourable conditions, where the bird is not exposed
to the risk of disease and stress; as in our study, the addition
of probiotics to the feed may not give the expected results.
This shows the significance and importance of microclimate
and housing for broiler production and development
[29, 30].

Similarly to our study, Sugiharto et al. [31] fed Lohmann
broilers probiotics at different concentrations for 42 days
and observed no significant changes in growth indicators
(live weight, cumulative feed consumption, and the FCR),
neither in individual study periods nor throughout the entire
study period. Sarangi et al. [32] also found a similar dynamic
in a 42-day study when they fed Vencobb broilers a probiotic
mixture consisting of Lactobacillus bulgaricus and Lacto-
bacillus plantarum. The authors reported a significantly
higher live weight on day 14 of the study, but at the end of
the study, there were no significant changes in live weight. In
that study, the authors found no significant differences
between the groups in indicators of cumulative feed con-
sumption. They found a significantly lower FCR in the
probiotic group between weeks 4 and 6 of the study, but in
general, there were no significant changes between the
groups [32].
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Other studies have reported better results using pro-
biotics. In their 21-day study, Agustono et al. [33] fed ISA
brown male broilers a probiotic mixture consisting of
L. acidophilus, L. plantarum, and Bifidobacterium spp. in
different concentrations. They reported a significantly higher
live weight in all groups that were fed probiotics. At the same
time, there was significantly higher feed consumption;
however, the FCR remained significantly lower in the study
groups, indicating good feed use efficiency. Chen et al. [6]
reported better results after feeding broilers (white leghorns)
with L. rhamnosus. At the end of the study, the authors
observed a significantly increased live weight and average
daily gain and a significantly reduced FCR (p < 0.05)
compared with the group that was not fed probiotics. In
several studies, the authors achieved significantly better
results by feeding probiotics for 42 days. Palamidi et al. [3]
fed male Cobb broilers a poultry-specific multispecies
product consisting of five probiotic isolates (including
Limosilactobacillus reuteri isolated from the hump) during
the finisher period (days 29-42). Throughout the experi-
mental period, the chickens achieved a significantly higher
body weight gain and a significantly lower FCR, irrespective
of the addition of live and inactivated forms of probiotics.
Furthermore, in a 42-day study conducted by STI Bio-
technologie [22], when broilers received a probiotic feed
supplement containing L. rhamnosus and L. farciminis in
different concentrations, and the authors observed a signif-
icantly reduced daily feed intake and a reduced FCR
compared with groups that did not receive this
supplement [22].

3.2. Blood Biochemical Indicators. Blood biochemical in-
dicators provide extensive information on the animal’s state
of health. However, they can be affected by numerous
factors: species, age, sex, housing conditions, nutrition,
seasonal changes, and geographical region [34, 35]. To
analyse serum blood biochemical indicators, we searched for
scientifically confirmed data with defined normal physio-
logical limits for broilers at the age of 30-40 days, but we
could not find such data. Hence, we used the following
studies with a neutral design and investigations that did not
specify any other factors that influenced the results. Café
[34] obtained blood biochemical data from broilers grown
under thermoneutral conditions. Angoua Kokore et al. [35]
compared blood biochemical indicators of local and meat
broiler breeds. Shuvo et al. [36] evaluated the effect of
35days of Lactobacillus supplement feeding on broiler
chickens, including blood parameters.

We found that almost all parameters (Table 3) did not
differ significantly (p > 0.05) between the Con and ProL
groups, except for cholesterol (p = 0.039), with a difference
of 0.26 mmol/L (95% confidence interval (CI) 0.01-0.51,
d=0.45 (medium effect size)). The cholesterol level in the
study by Café [34] was 3.25 mmol/L, which is 7.14% lower
than that in the ProL group of our study and 13.56% lower
than that in the Con group. In the study by Shuvo et al. [36],
the average cholesterol level in the control group was only
2.74 £ 0.06 mmol/L, but in the study group, it was even lower
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TABLE 2: Mean and 95% confidence interval of the live body weight, average daily weight gain, cumulative feed intake, and feed conversion

ratio of broilers until day 35.

Control group mean

Probiotic group mean

Parameters Periods (day) (95% confidence interval) (95% confidence interval) p
0 43.8 (42.1-45.5) 44.5 (42.5-46.4) 0.945
7 229.2 (225.6-232.8) 216.7 (216.4-223.1) 0.831
. . 14 582.2 (572.8-591.5) 588.6 (578.9-598.1) 0.834
Live body weight (g) 21 1154.1 (1136.7-1171.5) 1166.2 (1147.4-1184.9) 0.979
28 1957.7 (1931.0-1984.4) 1961.9 (1935.0-1988.9) 0.989
35 2828.0 (2784.2-2871.8) 2835.7 (2791.7-2879.7) 0.947
1-7 23.8 (17.7-29.9) 23.5 (18.9-28.0) 0.867
8-14 53.0 (43.9-62.0) 54.1 (41.6-66.6) 0.770
Average daily weight gain (g) 15-21 83.7 (66.4-101.1) 85.1 (62.0-108.3) 0.845
22-28 112.7 (90.6-134.8) 111.0 (87.3-134.7) 0.833
29-35 124.3 (110.6-138.0) 124.8 (99.6-149.9) 0.947
1-7 219.2 (206.3-232.1) 218.3 (205.9-230.6) 0.829
8-14 640.2 (600.8-679.7) 639.1 (592.3-681.9) 0.832
Cumulative feed intake (g) 15-21 1323.6 (1225.5-1421.7) 1322.8 (1234.6-1410.9) 0.979
22-28 2344.9 (2284.7-2405.1) 2344.9 (2263.2-2426.6) 0.999
29-35 3620.3 (3456.2-3784.5) 3601.9 (3346.1-3857.8) 0.807
1-7 1.0 (0.8-1.3) 1.0 (0.8-1.2) 0.998
8-14 1.1 (0.9-1.3) 1.1 (0.9-1.3) 0.794
Feed conversion ratio 15-21 1.1 (0.9-1.3) 1.1 (0.9-1.3) 0.835
22-28 1.2 (1.1-1.3) 1.2 (1.1-1.3) 0.944
29-35 1.3 (1.2-1.4) 1.3 (1.2-1.4) 0.757

TasLE 3: Differences in the biochemical parameters of broiler blood on day 35 between the control and probiotic group.
Control Probiotic
Parameters P d
M SD SE M SD SE

Cholesterol (mmol/L) 3.76 0.57 0.09 3.50 0.59 0.09 0.039 0.45
Triglycerides (mmol/L) 0.67 0.30 0.04 0.72 0.31 0.05 0.505 NA
Urea (mmol/L) 0.34 0.15 0.02 0.33 0.16 0.03 0.921 NA
Total protein (g/L) 34.92 7.26 1.11 33.03 6.49 1.00 0.210 NA
Albumin (g/L) 15.03 3.01 0.46 15.45 2.79 0.43 0.508 NA
Alkaline phosphatase (U/L) 2,917.95 1,487.77 226.88 2,725.16 1,545.43 238.47 0.559 NA

Notes. SE: standard error; d: Cohen’s effect size; M: arithmetic mean; NA: not applicable; SD: standard deviation.

(2.12+£0.12 mmol/L). The authors explained this outcome by
referring to the presence of lactic acid bacteria in the fer-
mented feed and the ability of these bacteria to collect and
bind cholesterol. As a result, the total cholesterol level in the
blood serum would decrease due to the inhibition of bile acid
absorption in the intestine [36, 37]. Mohan et al. [38] also
explained the ability of acidophilic bacteria to decrease
cholesterol levels in the blood by reducing its absorption
and/or synthesis in the intestines.

Cholesterol is an important component of cell
membranes: it ensures cell elasticity and membrane
permeability and participates in the synthesis of impor-
tant hormones (e.g., sex hormones and hormones of the
adrenal cortex) and bile acid; a small amount of it is also
needed for the synthesis of vitamin D [39]. Although we
found a significantly lower blood cholesterol level in the
ProL group, it is still higher than the levels reported in
previous studies. We would like to add that there is no
reason to consider the blood cholesterol level we found to
be elevated (above the physiological norm) because the

animals in our study were in good health, as evidenced by
the high productivity rates.

Similarly to our research, Hashemzadeh et al. [40] fed
male Ross 308 broiler chicks L. rhamnosus for 42 days and
reported a significantly lower blood cholesterol level.
Ghorbani et al. [41] also achieved similar results in a 42-day
study by feeding the commercial probiotic “Primalac” to
Ross 308 broilers; at the end of the study, the blood cho-
lesterol level was significantly lower than that in the control
group. Yazhini et al. [42] also reported positive results in
a 42-day study in which they fed broiler chicks non-
encapsulated and encapsulated Lactococcus lactis and Bifi-
dobacterium bifidum; in all probiotic groups, the authors
observed a significantly lower total cholesterol level. In
addition, Hussein and Selim [5], fed broilers probiotics,
including L. acidophilus and found that the total blood
cholesterol level decreased significantly compared with the
group that did not receive probiotics. However, Zhu et al. [8]
described opposite results. Female yellow-feathered broilers
fed heat-inactivated compound probiotic in a 63-day study



showed a significantly reduced blood cholesterol level on day
42 of the study, but no significant difference on day 63.
Sugiharto et al. [43] also reported that there was not a sig-
nificant reduction in the blood cholesterol levels in any of the
study groups of Indonesian indigenous crossbred chicks in
a 10-week study by feeding B. subtilis and a multistrain
probiotic preparation in combination with vitamins and
minerals.

Although we did not find significant differences in the
other blood biochemical indicators, we highlight certain
indicators (triglycerides, total protein, and albumin).

The blood triglyceride concentration was 6.95% higher in
the ProL group (0.72 + 0.31 mmol/L) compared with the Con
group (0.67 £0.30 mmol/L). In the study by Café [34], the
triglyceride concentration was even higher (0.84 mmol/L) on
day 35. Triglycerides are some of the most important plasma
lipids and are either ingested with food (exogenous tri-
glycerides) or synthesised in the liver (endogenous tri-
glycerides). They are stored in adipose tissue, and only a small
amount circulates in the blood. If the levels of fatty acids and
carbohydrates in the blood are too high, they are converted
and stored in the body as triglycerides [39]. Therefore, in our
study, given the same feed ratio, the chickens in the ProL
group digested the feed more successfully, providing a higher
level of triglyceride raw material.

The level of total protein in the blood was lower in the
chickens of the ProL group (33.03 + 6.49 g/L) compared with
the Con group (34.92+7.26 g/L). Café [34] reported a total
protein level of 25-45 g/L in blood, but it was higher in the
study by Angoua Kokore et al. [35], specifically 52.2 + 6.4 g/L.
However, the albumin levels in our study were higher in the
ProL group (15.45+2.79 g/L) than those in the Con group
(15.03 +£3.01 g/L). Café [34] reported lower albumin levels
than either group of our study (12.7 g/L), but Shuvo et al. [36]
reported a higher level for the control group (17.8 +1.9g/L).
Albumin is a plasma protein that is synthesised in the liver for
ingested and absorbed nutrients. It constitutes more than half
of the total protein (the second largest fraction is represented
by globulins). Albumin maintains colloidal osmotic pressure
and acts as a carrier protein for hormones, fatty acids, bili-
rubin, calcium ions, and drugs, among others. Albumin levels
can indicate liver function and protein metabolism in the
body [39]. Although there was not a significant difference
between the ProL and Con groups, a higher level of albumin
in the blood indicates more successful liver function and
protein exchange in the body.

Other authors have also studied the ability of lactic acid
bacteria to positively influence these blood biochemical
indicators in birds. Hosseini et al. [9] fed male Cobb broiler
chicks the commercial probiotic mix Protexin, which con-
tains several Lactobacillus spp., including L. rhamnosus, and
reported significantly higher concentrations of total protein
and albumin as well as a significantly lower blood tri-
glyceride concentrations compared with the control group
and the group to which antibiotics were added to the diet.
Hussein and Selim [5] reported similar results: a significantly
higher concentration of total protein, including albumin and
globulin, as well as a significantly reduced concentration of
total lipids in the blood. In a 35-day study in which broilers
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were fed different concentrations of a probiotic containing
L. casei, Astuti et al. [10], achieved significantly higher
plasma total protein levels in all probiotic groups. However,
Qorbanpour et al. [7], Shah et al. [11], and Zhu et al. [8] fed
broilers with probiotics, which included Lactobacillus spp.
and did not observe significant differences at the end of the
study in the blood biochemical parameters compared with
the control group. In contrast, Sugiharto et al. [43] found
significantly lower blood triglyceride and total protein
(including albumins and globulins) concentrations
(p < 0.05), but no significant differences in the ratio of
albumins to globulins.

3.3. Meat Indices. In the obtained breast meat samples, the
ProL group showed significantly higher cholesterol and w-6
fatty acid levels, namely, 12.92+0.87mg/100g and
29.32+1.58g/100g (p < 0.05), respectively, whereas the
Con group showed significantly higher w-9 fatty acid and
SFA levels, with 40.33 +£1.82g/100g and 29.01+2.5g/100 g
(p < 0.05), respectively. Based on Cohen’s d, the recorded
differences for all parameters have a high effect size (Table 4).

Because feeding a mixture of L. farciminis and
L. rhamnosus for 35days significantly reduced the blood
cholesterol levels, we expected that its level in breast meat
samples would also be lower in the ProL group. However,
the breast cholesterol level was significantly higher
(p < 0.05) than that in the Con group. According to pub-
lished studies, the cholesterol level in breast muscle without
skin ranges from 77 to 85 mg/100 g [44, 45], but in the breast
meat samples (also without skin) submitted to our labora-
tory, it was 12.92+0.87mg/100g (ProlL) and
10.02 + 0.35mg/100 g (Con)-7-8 times lower. According to
the findings of Conchillo et al. [44], freezing the meat
samples before examination does not affect their cholesterol
level. Therefore, by using age-appropriate feed in chicken
breeding, as well as providing the best possible keeping
conditions and regulating the light/dark regime, an espe-
cially low cholesterol level can be achieved in breast muscle
meat (10-13 mg/100 g of product), as shown by the results of
our study.

Chicken breast muscle is a valuable source of essential
fatty acids, especially w-3 LC-PUFAs [46]. w-3 and w-6 LC-
PUFAs have been studied to help prevent and improve the
outcome of chronic diseases in humans, including meta-
bolic, cardiovascular, and neurodegenerative diseases as well
as certain types of cancer [18, 46, 47]. In our study, the w-3
fatty acid level was 16.25% higher in the ProL group than in
the Con group, although this difference was not significant
(p = 0.104). However, the w-6 fatty acid level was signifi-
cantly higher in the breast muscle of the ProL group
(p =0.001). In this sense, the addition of L. farciminis and
L. rhamnosus to the feed of broilers increased both w-3 and
w-6 fatty acids in breast meat, without using other feed
additives containing, these fatty acids (fish or other oils) and
without producing an unpleasant taste and smell [18]. It is
important to note that the intake of w-3 and w-6 fatty acids is
important to maintain human health. In recent years,
concerns regarding the potential role of w-6 fatty acids in
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TaBLE 4: Differences in meat quality parameters of 35-day-old broilers between the control and probiotic groups.
Control Probiotic
Parameters P d
M SD SE M SD SE

Cholesterol, mg/100g 10.02 0.35 0.11 12.92 0.87 0.28 0.001 4.35
PUFAs, g/100g 71.66 4.26 1.35 71.39 2.70 0.85 0.867 NA
Omega-3, g/100 g 2.99 0.82 026 3.57 0.65 0.21 0.104 NA
Omega-6, g/100g 24.20 1.23 0.39 29.32 1.58 0.50 0.001 3.62
Omega-9, g/100 g 40.33 1.82 0.58 37.51 1.07 0.34 0.001 1.89
SFAs, g/100 g 29.01 2.50 0.79 26.70 1.88 0.59 0.031 1.05
Omega-6/omega-3 8.64 2.41 0.77 8.54 2.03 0.64 0.921 NA
PUFASs/SFAs 2.48 0.25 0.08 2.68 0.24 0.08 0.827 NA

Notes. d: Cohen’s d effect size; NA: not applicable; SE: standard error; M: arithmetic mean; PUFAs: polyunsaturated fatty acids; SD: standard deviation; SFA:

saturated fatty acids.

inflammation, thrombosis, and low-density lipoprotein
oxidation have been dismissed, and it is reccommended that
at least 5%-10% of the daily energy intake should come
directly from w-6 fatty acids [48].

Researchers are also interested in the w-6/w-3 ratio in the
human diet, as deviations contribute to the pathogenesis of
cardiovascular disease, cancer, inflammation, and many
autoimmune diseases [18, 47]. As food availability and eating
habits change, the w-6/w-3 ratio in human diets today ranges
from 10/1 to 20/1, in contrast to the 1/1 ratio found in our
ancestors’ diets [49]. According to our results, this ratio was
8.54+2.03 in the ProL group and 8.64+2.41 in the Con
group, which is less (and therefore healthier) than that in the
modern human diet [49].

After 35days of consuming a feed supplement con-
taining lactic acid bacteria, SFAs also decreased significantly
in the breast meat samples of the ProL group compared with
the Con group (p = 0.031). Given that SFAs are less healthy
than PUFAs [47], reducing their amount is a significant
achievement. The levels of fatty acids, especially LC-PUFAs,
in chicken meat can be modified more easily than those in
other livestock meats [50].

According to the recommendations of the UK Ministry
of Health [51] and other authors, it is important to consider
the PUFA/SFA ratio [51, 52]. Under our housing and feeding
conditions, the inclusion of probiotics in the feed of broilers
did not significantly change the PUFA/SFA ratio: it was
2.68 +0.24 for the ProL group and 2.48 + 0.25 for the Con
group. Although the inclusion of a mixture of lactic acid
bacteria did not significantly affect this ratio, pathogen-free
conditions ensured very good quality indicators, which
encourage further research in this direction.

4. Conclusions

The probiotic mixture containing L. farciminis and
L. rhamnosus added to feed in a 35-day study did not sig-
nificantly affect the growth (LBW and ADWG) and feed intake
indicators (CFI and FCR) of specific pathogen-free broilers.
Feeding these probiotics significantly reduced the blood cho-
lesterol level but did not produce the expected reduction in
meat cholesterol. However, probiotic feeding increased the
amount of PUFAs (w-3 and w-6) in the breast meat of broilers
and decreased SFAs. The main novelty of the study is that we

evaluated the effects of probiotics for specific pathogen-free
Ross 308 broilers. The combination of L. farciminis and
L. rhamnosus affected broiler growth, meat quality, and some
blood biochemical indicators. These changes mean that the
chicks did not have to deal with additional stress factors during
intense growth, which proves the direct impact of these bacteria
on the chicks. The positive results, albeit contradictory, show
that it is necessary to continue to search for the most suitable
combinations, doses, and feeding duration of probiotics in
poultry farming for each breed and age. In future studies,
histological and immunohistochemical examinations should be
performed to evaluate in more detail the effect of the com-
bination of lactic acid bacteria (L. farciminis and L. rhamnosus)
on the growth and development of broiler chickens.

Data Availability

The data used to support the conclusions of this study are
available from the corresponding author upon reasonable
request.

Conflicts of Interest

The authors declare that there are no conflicts of interest
regarding the publication of this paper.

Acknowledgments

This study was funded by the ESF project “Transition to the
new doctoral funding model at the Latvia University of Life
Sciences and Technologies” (Grant no. 8.2.2.0/20/1/001), the
Latvia University of Life Sciences and Technologies program
“Realisation of fundamental research at LLU” project G7
“Changes in postnatal ontogenesis, health status and green-
house gas emissions of broiler chickens after addition of a new
composition of the probiotic mixture to bedding and feed”
(Grant no. 3.2.-10/273), and Poultry Farm “Kekava.”

References

[1] M. E. Sanders, “Probiotics: definition, sources, selection, and
uses,” Clinical Infectious Diseases, vol. 46, no. s2, pp. S58-S61,
2008.

[2] C. Cogliani, H. Goossens, and C. Greko, “Restricting Anti-
microbial Use in Food Animals: lessons from Europe Banning
nonessential antibiotic uses in food animals is intended to



(7]

(10]

(11]

(12]

(13]

(14]

(15]

reduce pools of resistance genes,” 2022, https://asmscience.
org/.

I. Palamidi, K. Fegeros, M. Mohnl et al., “Probiotic form
effects on growth performance, digestive function, and im-
mune related biomarkers in broilers,” Poultry Science, vol. 95,
no. 7, pp. 1598-1608, 2016.

R. C. Reuben, S. L. Sarkar, P. C. Roy, A. Anwar, M. A. Hossain,
and I. K. Jahid, “Prebiotics, probiotics and postbiotics for
sustainable poultry production,” World’s Poultry Science
Journal, vol. 77, no. 4, pp. 825-882, 2021.

E. Hussein and S. Selim, “Efficacy of yeast and multi-strain
probiotic alone or in combination on growth performance,
carcass traits, blood biochemical constituents, and meat
quality of broiler chickens,” Livestock Science, vol. 216,
pp. 153-159, 2018.

F. Chen, S. S. Gao, L. Q. Zhu, S. Y. Qin, and H. L. Qiu, “Effects
of dietary Lactobacillus rhamnosus CF supplementation on
growth, meat quality, and microenvironment in specific
pathogen-free chickens,” Poultry Science, vol. 97, no. 1,
pp. 118-123, 2018.

M. Qorbanpour, T. Fahim, F. Javandel et al., “Effect of dietary
ginger (Zingiber officinale roscoe) and multi-strain probiotic
on growth and carcass traits, blood biochemistry, immune
responses and intestinal microflora in broiler chickens,”
Animals, vol. 8, pp. 117-7, 2018.

C. Zhu, L. Gong, K. Huang, F. Li, D. Tong, and H. Zhang,
“Effect of heat-inactivated compound probiotics on growth
performance, plasma biochemical indices, and cecal micro-
biome in yellow-feathered broilers,” Frontiers in Microbiology,
vol. 11, Article ID 585623, 2020.

S. A. Hosseini, A. Meimandipour, F. Alami et al., “Effects of
ground thyme and probiotic supplements in diets on broiler
performance, blood biochemistry and immunological re-
sponse to sheep red blood cells,” Italian Journal of Animal
Science, vol. 12, no. 1, pp. e19-e120, 2013.

F. D. Astuti, S. Sugiharto, T. Yudiarti, E. Widiastuti,
H. I. Wahyuni, and T. Ayasan, “Growth performance, blood
variables, intestinal bacterial content, and morphological
measurements of broilers supplemented with Lactobacillus
casei-fermented mixture of red rice and aromatic ginger,”
Veterinary World, vol. 15, no. 4, pp. 818-826, 2022.

S. M. T. Shah, M. T. Islam, R. Zabin, P. C. Roy, N. S. Meghla,
and I. K. Jahid, “Assessment of novel probiotic strains on
growth, hematobiochemical parameters, and production costs
of commercial broilers in Bangladesh,” Veterinary World,
vol. 14, no. 1, pp. 97-103, 2021.

X. Zhou, Y. Wang, Q. Gu, and W. Li, “Effect of dietary
probiotic, Bacillus coagulans, on growth performance,
chemical composition, and meat quality of Guangxi Yellow
chicken,” Poultry Science, vol. 89, no. 3, pp. 588-593, 2010.

X. Liu, H. Yan, L. Lv et al., “Growth performance and meat
quality of broiler chickens supplemented with bacillus
licheniformis in drinking water,” Asian-Australasian Journal
of Animal Sciences, vol. 25, no. 5, pp. 682-689, 2012.

R. N. Soomro, M. E. Abd El-Hack, S. S. Shah et al., “Impact of
restricting feed and probiotic supplementation on growth
performance, mortality and carcass traits of meat-type quails,”
Animal Science Journal, vol. 90, no. 10, pp. 1388-1395, 2019.
A. Abdelgader, M. Abuajamieh, F. Hayajneh, and A. R. Al-
Fataftah, “Probiotic bacteria maintain normal growth
mechanisms of heat stressed broiler chickens,” Journal of
Thermal Biology, vol. 92, Article ID 102654, pp. 102654
112020, 2020.

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

[24]

(25]

(26]

(27]

(28]

(29]

(30]

(31]

Veterinary Medicine International

A. A Saleh, Y. Z Eid, T. A Ebeid, T. Kamizono, A. Ohtsuka,
and K. Hayashi, “Effects of feeding Aspergillus awamori and
Aspergillus Niger on growth performance and meat quality in
broiler chickens,” The Journal of Poultry Science, vol. 48, no. 3,
pp. 201-206, 2011.

A. A. Saleh, Y. Z. Eid, T. A. Ebeid et al., “The modification of
the muscle fatty acid profile by dietary supplementation with
Aspergillus awamori in broiler chickens,” British Journal of
Nutrition, vol. 108, no. 9, pp. 1596-1602, 2012.

M. Alagawany, “Omega-3 and omega-6 fatty acids in poultry
nutrition: Effect on production performance and health,”
Animals, vol. 98 pages, 2019.

S. Eglite, A. Ilgaza, and M. Zolovs, “The probiotic mixture x
feeding effect on the growth and development of broiler
chicken digestive tract,” in Proceedings of the Research for
Rural Development 2022 Annual 28th International Scientific
Conference Proceedings, pp. 129-134, Depok, Indonesia,
August, 2022.

Republic of Latvia Cabinet Regulation No0.98, “Welfare Re-
quirements for keeping and use of chickens for meat pro-
duction,” 2010, https://likumi.lv/ta/en/en/id/204706.
Aviagen, “Broiler management manual ROSS,” 2022, https://
aviagen.com/.

Efsa Panel on Additives and Products or Substances used in
Animal Feed Feedap, V. Bampidis, G. Azimonti et al., “Safety
and efficacy of Sorbiflore® ADVANCE (Lactobacillus
rhamnosus CNCM [-3698 and Lactobacillus farciminis
CNCM 1-3699) as a feed additive for chickens for fattening,”
EFSA Journal, vol. 18, no. 5, 2020.

The jamovi Project, “Jamovi (version 2.3) (computer soft-
ware),” 2022, https://www.jamovi.org.

T. A. Niewold, “The nonantibiotic anti-inflammatory effect of
antimicrobial growth promoters, the real mode of action? A
hypothesis,” Poultry Science, vol. 86, no. 4, pp. 605-609, 2007.
K. Jadhav, K. S. Sharma, S. Katoch, V. K. Sharma, and
B. G. Mane, “Probiotics in broiler poultry feeds: a review,”
2015, https://www.jakraya.com/journal/janp.

R. Jha, R. Das, S. Oak, and P. Mishra, “Probiotics (Direct-fed
microbials) in poultry nutrition and their effects on nutrient
utilization, growth and laying performance, and gut health:
a systematic review,” Animals, vol. 10, Article ID 1863,
pp. 1863-1910, 2020.

W. A. Awad, K. Ghareeb, S. Abdel-Raheem, and J. B6hm,
“Effects of dietary inclusion of probiotic and synbiotic on
growth performance, organ weights, and intestinal histo-
morphology of broiler chickens,” Poultry Science, vol. 88,
no. 1, pp. 49-56, 2009.

H. Al-Khalaifa, A. Al-Nasser, T. Al-Surayee et al., “Effect of
dietary probiotics and prebiotics on the performance of
broiler chickens,” Poultry Science, vol. 98, no. 10, pp. 4465-
4479, 2019.

B. Baurhoo, L. Phillip, and C. A. Ruiz-Feria, “Effects of pu-
rified lignin and mannan oligosaccharides on intestinal in-
tegrity and microbial populations in the ceca and litter of
broiler chickens,” Poultry Science, vol. 86, no. 6, pp. 1070-
1078, 2007.

T. A. Ebeid, I. H. Al-Homidan, and M. M. Fathi, “Physio-
logical and immunological benefits of probiotics and their
impacts in poultry productivity,” World’s Poultry Science
Journal, vol. 77, no. 4, pp. 883-899, 2021.

S. Sugiharto, L. Isroli, T. Yudiarti, and E. Widiastuti, “The
effect of supplementation of multistrain probiotic preparation
in combination with vitamins and minerals to the basal diet
on the growth performance, carcass traits, and physiological


https://asmscience.org/
https://asmscience.org/
https://likumi.lv/ta/en/en/id/204706
https://aviagen.com/
https://aviagen.com/
https://www.jamovi.org
https://www.jakraya.com/journal/janp

Veterinary Medicine International

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

(40]

(41]

[42]

(43]

(44]

response of broilers,” Veterinary World, vol. 11, no. 2,
pp. 240-247, 2018.

N. R. Sarangi, L. K. Babu, A. Kumar, C. R. Pradhan, P. K. Pati,
and J. P. Mishra, “Effect of dietary supplementation of pre-
biotic, probiotic, and synbiotic on growth performance and
carcass characteristics of broiler chickens,” Veterinary World,
vol. 9, no. 3, pp. 313-319, 2016.

B. Agustono, W. P. Lokapirnasari, M. N. Yunita,
R. N. Kinanti, A. E. Cesa, and S. Windria, “Efficacy of dietary
supplementary probiotics as substitutes for antibiotic growth
promoters during the starter period on growth performances,
carcass traits, and immune organs of male layer chicken,”
Veterinary World, vol. 15, no. 2, pp. 324-330, 2022.

M. B. Café, Biochemical Blood Parameters of Broilers at
Different Ages under Thermoneutral Environment, Book of
abstracts, WPC, Salvador, Brazil, 2012.

B. Angoua Kokore, N. Mathieu Bleyere, S. Kamagate, and
P. Angoué Yapo, “Blood biochemical parameters exploration
in broilers and local chickens in Korhogo, Cote d’Ivoire,”
American Journal of Food Science and Nutrition, vol. 9, no. 2,
pp. 82-86, 2021.

A. A. S. Shuvo, M. S. Rahman, M. Al-Mamum, and
K. M. S. Islam, “Cholesterol reduction and feed efficiency
enhancement in broiler through the inclusion of nutritionally
improved fermented rice bran,” The Journal of Applied Poultry
Research, vol. 31, no. 1, Article ID 100226, 2022.

T.-O. T. Hosono, “Binding of cholesterol with lactic acid
bacterial cells,” Milchwissenschaft, vol. 50, no. 10, pp. 556-560,
1995.

B. Mohan, R. Kadirvel, M. Bhaskaran, and A. Natarajan,
“Effect of probiotic supplementation on serum/yolk choles-
terol and on eggshell thickness in layers,” British Poultry
Science, vol. 36, no. 5, pp. 799-803, 1995.

Lipidi Trigliceridi, “Central laboratory analysis categories,”
2022, https://www.laboratorija.lv/analizes/visas-analizes/
lipidi/trig-8810,.html.

F. Hashemzadeh, S. Rahimi, M. A. Karimi Torshizi, and
A. Akbar, “Effects of probiotics and antibiotic supplemen-
tation on serum biochemistry and intestinal microflora in
broiler chicks,” The International Journal of Agriculture and
Crop Sciences, vol. 5, pp. 2394-2398, 2013.

M. R. Ghorbani, A. Ashayerizadeh, N. Dabiri, K. H. Mirzadeh,
and M. R. Ghorbani, “Effect of dietary supplementation of
probiotic and prebiotic on growth indices and serum bio-
chemical parameters of broiler chickens,” Journal of Cell and
Animal Biology, vol. 5, no. 8, pp. 152-156, 2011.

P. Yazhini, P. Visha, P. Selvaraj, P. Vasanthakumar, and
V. Chandran, “Dietary encapsulated probiotic effect on
broiler serum biochemical parameters,” Veterinary World,
vol. 11, no. 9, pp. 1344-1348, 2018.

S. Sugiharto, T. Yudiarti, I. Isroli, E. Widiastuti, and
H. I. Wahyuni, “Hematological parameters and selected in-
testinal microbiota populations in the Indonesian indigenous
crossbred chickens fed basal diet supplemented with multi-
strain probiotic preparation in combination with vitamins
and minerals,” Veterinary World, vol. 11, no. 6, pp. 874-882,
2018.

A. Conchillo, D. Ansorena, and I. Astiasaran, “Intensity of
lipid oxidation and formation of cholesterol oxidation
products during frozen storage of raw and cooked chicken,”
Journal of the Science of Food and Agriculture, vol. 85, no. 1,
pp. 141-146, 2005.

[45] G. Kralik, Z. Kralik, M. Gréevi¢, and D. Hanzek, “Quality of
chicken meat,” in Animal Husbandry and Nutrition, B. Yiicel
and T. Tagkin, Eds., IntechOpen, Rijeka, Croatia, 2017.

[46] D. Farrell, The Role of Poultry in Human Nutrition, Poultry
development review, FAO, Rome, Italy, 2013.

[47] M. Greger, “Trans fat in animal fat,” 2014, https://
nutritionfacts.org/2014/02/27/trans-fat-in-animal-fat/.

[48] S. Khandelwal, L. Kelly, R. Malik, D. Prabhakaran, and
S. Reddy, “Impact of omega-6 fatty acids on cardiovascular
outcomes: a review,” Journal of Preventive Cardiology, vol. 2,
no. 3, pp. 325-336, 2013.

[49] T. A. Sanders, “Polyunsaturated fatty acids in the food chain
in Europe,” The American Journal of Clinical Nutrition,
vol. 71, no. 1, pp. 176S-178S, 2000.

[50] N. A. Mir, A. Rafiq, F. Kumar, V. Singh, and V. Shukla,
“Determinants of broiler chicken meat quality and factors
affecting them: a review,” Journal of Food Science and Tech-
nology, vol. 54, no. 10, pp. 2997-3009, 2017.

[51] Department of Health Nutritional Aspects of Cardiovascular
Diseases, Report of the Cardiovascular Review Group of the
Committee of Medical Aspects of Food Policy (COMA), His
Majesty’s Stationery Office, London, UK, 1994.

[52] C. Mapiye, M. Chimonyo, K. Dzama, A. Hugo, P. E. Strydom,
and V. Muchenje, “Fatty acid composition of beef from Nguni
steers supplemented with Acacia karroo leaf-meal,” Journal of
Food Composition and Analysis, vol. 24, no. 4-5, pp. 523-528,
2011.


https://www.laboratorija.lv/analizes/visas-analizes/lipidi/trig-8810,.html
https://www.laboratorija.lv/analizes/visas-analizes/lipidi/trig-8810,.html
https://nutritionfacts.org/2014/02/27/trans-fat-in-animal-fat/
https://nutritionfacts.org/2014/02/27/trans-fat-in-animal-fat/



