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Abstract

HIS STUDY investigated the effects of niacin supplementation (1000 mg/head/day) on the

recovery rate of Madura beef cattle after long-distance transportation. A total of 14 Madura bulls
(body weight 224.64 + 13.1 kg) were transported for 12 hours (911 km) and observed for 28 days
post-transportation. Cattle were evenly divided into two treatments: control (n=7) and niacin
supplementation (n=7). The parameters observed were feed intake, blood glucose level, and
hematological profile. Data was analyzed using repeated measures, ANOVA, and independent sample
t-tests. Niacin supplementation significantly increased (P<0.05) hematocrit at 14 days post-
transportation and decreased monocyte counts on day 7. However, niacin did not affect (P>0.05) feed
intake, body weight gain, blood glucose, and other hematological parameters. Over time, neutrophil
and eosinophil percentages gradually increase (P<0.05). This study concludes that niacin
supplementation at 1000 mg/head/day influenced hematological recovery by modulating monocyte
and hematocrit levels but did not impact cattle performance and blood glucose levels. Higher
supplementation or prolonged supplementation duration is required to enhance post-transportation

recovery in Madura cattle.
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Introduction

Madura cattle are one of the most widely bred
indigenous Indonesian cattle, which is a crossbreed
between the bull and Bos indicus or Zebu cattle [1].
Madura cattle are centered on Madura Island, East
Java, while most of the beef consumption in
Indonesia is still in West Java. The duration of
transportation for cattle constitutes a vital element
that affects their welfare during the transit process.
Transportation durations can be categorized into
short (<4 hours), medium (4-8 hours), and long (>8
hours) intervals, each presenting unique challenges
and stressors for the animals [2-3]. The condition of
livestock post-transport can be affected by many
factors, such as the position of livestock in the
vehicle, the duration of livestock, the mode of
transportation, and the ambient temperature during
transportation [4]. The stress caused by this
transportation process may change the plasma traits,
performance, and physiological response of
livestock, indicating stress and energy deficit [5-6].
Takemoto et al. [7] reported a notable shift in

multiple metabolic pathways, such as the citric acid
cycle, nicotinate and nicotinamide metabolism, and
propionate metabolism in steer calves after
transportation. Moreover, hematological profiles,
including leukocytes, neutrophils, and lymphocyte
counts, are significantly affected by transportation
[8]. It has been reported that the circulating blood
cells required 28 days to return to normal values,
while the full recovery may take longer after long-
distance transportation [9-10].

Long-distance transport recovery period and
energy metabolism regulatory capacity in beef cattle
can be improved by dietary supplementation.
Niacinamide or vitamin B3 (niacin) may play a
crucial role in energy metabolism, functioning as a
coenzyme nicotinamide adenine dinucleotide (NAD)
and nicotinamide adenine dinucleotide phosphate
(NADP) in numerous redox reactions in livestock
[11]. It is involved in both anabolic and catabolic
pathways, thereby affecting the synthesis of nucleic
acids and lipids, as well as facilitating electron
transfer in oxidation-reduction reactions for energy
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production and metabolic  processes  [12].
Niacinamide affects physiology and performance and
plays a role in the metabolic pathways of amino acid
and fatty acid synthesis, which are important for
cattle growth. Niacinamide can be synthesized by
rumen microbes in ruminants. However, only 2.7%
of rumen microbes can produce multiple vitamins,
including niacin, indicating a shortfall of niacin
production under certain conditions [13].

Previously, Jinjiang bull cattle (BW 400 kg)
supplemented with niacin at 800 mg/kg showed a
potency to mitigate the adverse effects associated
with heat stress and optimize the functionality of
rumen fermentation as well as the production
performance [14]. Alfaro et al. [15] also reported that
niacinamide supplementation had a positive effect on
swelling response and oxidative stress, two of the
negative effects commonly found in livestock during
long-distance transportation. Conversely,
Flachowsky [16] reported that niacin
supplementation at a dosage of 100 mg/kg dry matter
or equal to 1 g/head/day when the body weight of the
bull is lower than 300 kg, with a poor protein diet,
and during the adaptation period is beneficial to
improve cattle performance. Few studies have
explored the niacin supplementation in native
Indonesian cattle under long-distance transportation
stress. Thus, this study evaluates the impact of 1000
mg/head/day niacin supplementation on feed
consumption, hematology, and blood glucose during
the recovery phase of Madura Cattle after 12
hours/911 km of transportation. This study provides
valuable insight into how niacin supports post-
transport recovery, serving as a reference for
supplementation strategies aimed at improving dry
matter intake, hematological profile, and blood
glucose levels of indigenous Madura cattle. This
study supports several Sustainable Development
Goals by addressing practical interventions to
improve livestock productivity and welfare, namely
food security (SDG 2), promoting animal health and
well-being (SDG 3), and contributing to more
responsible and sustainable livestock production
(SDG 12).

Material and Methods

This study was conducted in Pamekasan
Regency, Madura Island, Indonesia, and the
Laboratory of Meat and Draught Animal Nutrition at
the Department of Animal Nutrition and Feed
Technology, Faculty of Animal Science, IPB
University, Bogor, Indonesia.

Animals and experimental design

Fourteen Madura cattle (age 2 years and 224.64 +
13.10 kg BW) were obtained from the auction sale at
a local livestock market in Pamekasan Regency,
Madura Island, Indonesia. After the auction, cattle
were deprived of feed but had unrestricted access to
water for approximately 1 hour before being loaded
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into a trailer for transportation. The feeding
management at the rearing farms was not
determined. Before transport, the cattle’s body size,
including chest circumference and body length, was
measured using a measuring tape to estimate the
cattle’s body weight following the Winter Indonesia
equation [17]. The cattle were transported from
Pamekasan Regency, Madura Island, to the Faculty
of Animal Science, IPB University, Bogor,
Indonesia. The transport distance was 911 km, which
could be covered within 12 hours. The trailer drove
at 40-50 km/h on roads and 90-100 km/h on
highways.

After arrival, cattle were housed in individual
cages equipped with feeders and drinkers. The cattle
were randomly allocated into one of two
experimental treatments, i.e., PO = control (n=7) and
P1 = niacin supplementation 1000 mg/head/day
(n=7) and subsequently evaluated for 28 days.
Unprotected niacinamide was obtained from Jubilant
Ingrevia, India. Both groups were given a diet
consisting of commercial concentrate and forage
(Pennisetum purpureum or rice straw). The nutrient
composition of the diets is shown in Table 1. Cattle
were fed 3-4% of their body weight, and water was
given ad libitum. Feeding was carried out four times,
namely: concentrate was given at 08.00 AM and 2.00
PM, whereas forage was given at 10.00 AM and 4.00
PM. The amount of feed offered and refused was
recorded daily for each cattle to calculate daily feed
intake.

The amount of niacin supplementation at 1000
mg/head/day was based on recommendation for low-
body-weight cattle [16]. The niacin was administered
daily for 28 days after transportation. A niacin
supplement of as much as 1000 mg was dissolved in
10 mL of distilled water; then, it was administered
orally using a syringe at 2 hours after morning forage
feeding.

Hematology and blood glucose profile

Blood samples were obtained from the jugular
vein using vacuum tubes preloaded with
ethylenediaminetetraacetic acid (EDTA) after 2
hours of morning feeding weekly. Blood samples
were divided into 2 parts for hematology and glucose
analysis. Blood samples for hematology analysis
were directly used to assess hematocrit, hemoglobin,
erythrocytes, and leukocytes and their differentiation
following Sastradipradja et al. [18]. Meanwhile,
blood samples for blood glucose analysis were
centrifuged at 3000 rpm for 15 minutes to obtain
plasma. The blood glucose was assessed using a
commercial kit (cat. no 112191) from Greiner
Diagnostic, following the company's instructions.

Statistical analysis

No priori power calculation was performed due to
logistical constraints; sample size was determined by
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the available animals (n=7/group). The statistical
analysis was performed using IBM SPSS 26.0
(SPSS, Chicago, IL). The data on body weight at
post-transportation were analysed using an
independent sample t-test to compare the effect of
niacin supplementation. The data, including dry
matter intake of forage and concentrate, blood
glucose concentration, and hematology profile, were
analyzed with Repeated Measures two-way ANOVA
between treatments (control 'S niacin
supplementation) compared with the number of days
in the experimental period (7, 14, 21, and 28). The
effect of treatment on each week (day 7,14,21, and
28) of the experimental period was analysed using an
independent sample t-test. A significant result was
defined at P<0.05.

Results
Feed intake and daily body weight gain

Niacin supplementation did not significantly
affect (P>0.05) the concentrate and forage dry matter
(DM) intake throughout the experiment (Figure 1).
However, the DM intake of concentrate and forage
was gradually increased (P<0.001) over time. Post
long-distance  transportation,  cattle  undergo
metabolic recovery and microbial balance within the
first two weeks [10]. Our study found a significant
increase (P<0.05) in forage intake in weeks 3 and 4
after transportation compared to week 1, while a
concentrate intake was significantly increased
(P<0.05) in weeks 2, 3, and 4 compared to week 1
post-transportation.

Both treatment groups experienced a 21% weight
loss following transportation (Table 2), primarily due
to dehydration, feed intake reduction, and increased
metabolic energy expenditure [19]. However, niacin
supplementation had no significant effect (P>0.05)
on body weight recovery of cattle after 28 days post-
transportation (Table 2).

Blood glucose and hematology profile

Niacin supplementation did not significantly alter
(P>0.05) blood glucose levels of Madura cattle
compared to the control group, but it changed
significantly (P<0.01) throughout the experiment
(Figure 2A).

Niacin  supplementation increased (P<0.05)
haematocrit percentage on day 14 post-transportation
(Figure 2C), but no treatment effect (P>0.05) was
detected on haemoglobin, haematocrit, and
erythrocyte counts (Figure 2B, 2C, 2D) throughout
the experiment. Both treatment groups showed a
significant decline (P<0.05) in haemoglobin,
hematocrit, and erythrocyte counts throughout the
experiment.

Niacin supplementation significantly decreased
(P<0.05) total leukocyte counts, and changes
(P>0.01) throughout the experiment (Figure 2E).

By day 7, total leukocytes were lower (P<0.05) in
the niacin group compared to the control. Further,
total leukocytes in both groups increased (P<0.05)
on day 14 before returning to the baseline on days
21 and 28.

Throughout the 28-day recovery period, Madura
cattle exhibited significant leukocyte responses that
reflect the progression from acute stress to immune
adaptation. Niacin supplementation did not change
(P>0.05) the percentage of lymphocytes (Figure 3),
and it was consistently within the normal range
throughout the experiment, indicating that adaptive
immune  capacity was maintained  despite
transportation stress. In this study, basophil levels
showed no variation (P>0.05) by niacin
supplementation and over time, suggesting minimal
involvement in early stress responses.
Supplementation of niacin did not change (P>0.05)
the percentage of neutrophils and basophils (Figure
3). Over time, neutrophil and eosinophil percentages
significantly  increased  (P<0.01).  Neutrophil
percentages gradually increased from day 7 to 28,
compared to baseline, while the percentage of
eosinophil’s started to increase on days 14 and 21
before returning to baseline. These results reflect the
innate immune system's sustained engagement in
homeostatic re-establishment following the acute
phase of stress.

Monocytes, key mediators of inflammation,
declined sharply (P<0.01) by day 14 compared to
baseline.  Niacin  supplementation at 1000
mg/head/day accelerated the decline (P<0.05) of
monocytes, which was significantly lower on day 7.
Niacin  did not influence (P>0.05) the
neutrophil/lymphocyte (N/L) ratio, while it rose
progressively (P<0.001) from day 7 to 28. This result
indicates a shift in the innate immune system that
was more dominant during the recovery process after
transportation.

Discussion

Transportation stress can adversely affect cattle
welfare by triggering physiological stress responses,
anxiety, reducing dry matter intake, and inducing
body weight loss, leading to significant economic
losses for producers [20-22]. In this study, both
forage and concentrate intake did not change due to
niacin supplementation. Our results are in line with
Zou et al. [14] that niacin supplementation up to 800
mg/kg did not alter the feed intake of cattle. While
niacin may alleviate the stress symptoms, it does not
directly imply changing the feed intake [23].

In this study, daily forage and concentrate intake
gradually increased after the first week post-
transportation. This result is consistent with [24],
who reported a significant decrease in feed intake
during the first week of post-transport, followed by a
progressive increase and more stable levels in the
subsequent weeks. The gradual increase in feed
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intake may also indicate an adaptation process since
the Madura cattle in this study were previously fed
only fresh forage and rice straw. These findings
suggest that while niacin supplementation at 1000
mg/head/day may alleviate stress symptoms, it does
not directly influence forage or concentrate DM
intake in Madura cattle.

Our results are in line with Luo et al. [25], who
found niacin supplementation up to 640 mg/kg did
not show a significant effect on body weight and feed
intake of growing cattle. Despite this, niacin plays a
crucial role in growth performance and feed
efficiency by maintaining the rumen environment
and enhancing nutrient digestibility, particularly
crude protein utilization [25-26]. Additionally, niacin
regulates lipid metabolism, improving energy
availability, while also promoting anti-inflammatory
and antioxidant properties, and vasodilation, which
can be beneficial for post-transportation recovery
[14-15]. Though the niacin supplementation
improved the inflammatory responses post-
transportation in the current study, the energy
requirements and metabolism disruptions may
counteract these advantages, resulting in no changes
in average daily gain (ADG). Given its influence on
energy metabolism, higher supplementation levels or
prolonged supplementation periods may be necessary
to enhance cattle recovery and growth. This study
concludes that 1000 mg/head/day may not be
sufficient for significant body weight recovery, and
future research should explore optimal dosages and
supplementation durations to maximize niacin
function on cattle performance post-transportation.

The transportation process is energetically
demanding, as evidenced by alterations in certain
blood metabolites [27]. Blood glucose, a key
metabolic stress indicator in cattle, fluctuates in
response to catecholamine and cortisol release during
transportation stress, which increases insulin activity
and glucose uptake, while it reduces fat mobilization
[28-30]. In this study, the blood glucose levels
remained within the normal range (45-75 mg/dL)
[31], aligning with Luo et al. [23], who reported no
change in serum glucose with niacin supplementation
up to 640 mg/kg. This suggests that cattle were not in
a negative energy balance or at risk of ketosis, as
niacin deficiency correlated with glucose metabolism
and the incidence of ketosis [32].

The blood glucose levels declined during the first
two weeks (day 7 and 14), followed by an increase in
later weeks, reflecting the physiological response to
stress-induced energy deficits. Initially,
transportation stress induces stress hormone releases
such as cortisol and adrenaline, which elevate blood
glucose by stimulating glycogenolysis and
gluconeogenesis [33]. However, as homeostasis is
restored, glucose levels decline due to increased
energy expenditure, reduced feed intake, and
glycogen depletion, which may be observed in
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several days following transportation [34-35].
Additionally, dehydration and prolonged feed
withdrawal cause energy deficit, contributing to low
blood glucose. The subsequent increase in glucose
levels in later weeks suggests metabolic recovery as
feed intake stabilizes. Despite the role of niacin as a
precursor for NAD and NADP in energy metabolism,
the supplementation of 1000/mg/head/day was
insufficient to significantly impact the post-transport
recovery, suggesting that higher dosages may be
required to enhance metabolic adaptation and support
post-transport recovery.

The haemoglobin, haematocrit, and erythrocyte
count observed in this study were within the normal
range for cattle, as reported by Marjory et al. [36].
During transport, the cattle went through a fasting
process leading to dehydration and stress-induced
physiological responses. The stress may increase
cortisol levels, which may affect haematological
parameters [37-39]. Previously reported
transportation stress induced a temporarily reduced
body weight and altered blood volume, red blood cell
turnover, and erythropoiesis in cattle [40-41]. The
increase of haematocrit at day 14 after transportation
suggests that niacin can support haematological
recovery by enhancing metabolic response and
reducing oxidative stress [42]. However, previous
research suggested that the effects of niacin are dose-
and time-dependent, indicating higher doses or
prolonged supplementation may be required to
sustain the haematological improvements [32].

In this study, leukocyte counts were within the
normal range for cattle (4.4-10.8 x 10% as reported
by Marjory et al. [36]. The early increase of total
leukocytes in the control group reflects the acute
stress response to transportation, due to cortisol-
mediated immune activation [43]. The significantly
lower leukocyte counts in the niacin-supplemented
group on day 7 suggested that niacin may impair the
acute stress-induced leukocyte surge through its anti-
inflammatory and antioxidant properties. Previously
reported, niacin inhibits leukocyte myeloperoxidase
release and activity, which is essential for reducing
oxidative stress and inflammation [44].

Neutrophils mobilized rapidly from bone marrow
in response to cortisol and stress-induced immune
activation [21]. The sustained elevation until day 28
suggests an ongoing immune modulation process,
possibly linked to tissue repair and homeostasis
restoration [10]. Meanwhile, eosinophils are more
sensitive to stress hormones and typically decline
under acute stress but increase later as the immune
balance is restored [45]. The delayed rise in
eosinophil percentage at day 14 suggests that the
immune system prioritizes restoring neutrophils
before eosinophils, reflecting their secondary role in
post-stress immune recovery [21].
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Monocytes play a critical role in early immune
activation and inflammation, which are rapidly
mobilized in response to stress [45-46]. The
significant decline within the first 7 days suggests
that niacin supplementation at 1000 mg/head/day
accelerates inflammatory resolution through its anti-
inflammatory and antioxidant properties, which
reduce oxidative stress and inflammatory signaling in
monocytes and macrophages [47]. This aligns with
van de Wouw et al. [48], who reported that niacin
facilitates the return of monocyte levels to baseline
by mitigating oxidative stress and limiting excessive
immune activation. As the calves recover from
transportation stress, the impact of niacin on
monocytes stabilized, leading to no difference in
monocyte numbers after the initial period [7].

Our results highlight the complex immune
modulation process following transportation stress,
where monocytes respond rapidly, modulated by
niacin, followed by a more gradual response in
neutrophils and eosinophils as part of the longer-term
adaptation to transport stress. Our study indicates
niacin supplementation at a dosage of 1000 mg/head
day accelerates monocyte reduction but does not
significantly —affect other leukocyte subsets,
suggesting  higher  dosages or  prolonged
supplementation might needed to influence the
broader immune response of transported cattle.

Conclusion

In conclusion, niacin supplementation at 1000
mg/head/day contributed to early hematological

TABLE 1. Chemical composition of feed (%DM)

responses, such as a decrease in total leukocytes and
monocyte percentage, and a gradual increase in
neutrophil and eosinophil, as well as increased
hematocrit levels at two weeks post-transportation.
However, the niacin supplementation at 21000
mg/head/day was insufficient to improve feed intake,
body-weight recovery, and blood glucose over 28
days. Further research with higher supplementation
levels or prolonged supplementation duration with
additional physiological biomarkers should be
explored to define practical supplementation
strategies to enhance overall cattle performance post-
transportation.
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Nutrient Rice straw  Elephant grass Concentrate
(Pennisetum purpureum)

Ash* 18.43 16.61 3.92

Crude protein (CP)* 8.32 9.75 10.77

Ether extract (EE)* 2.65 1.48 3.08

Crude fiber (CF)* 29.32 29.46 14.60
Nitrogen-free extract (NFE)* 41.28 42.70 67.63

Total digestible nutrients (TDN) ~ 46.95° 52.21° 50.21°

* NIRS analysis by Animal Logistics Indonesia Netherlands Laboratory (2023) *TDN = -17.2649 + 1.2120 CP + 0.8352 NFE + 2.4637 EE +
0.4475 CF [49], "TDN = -21.7656 + 1.4284 CP + 1.0277 NFE + 0.4867 CF + 1.2321 EE [49], °TDN = 40.2625 — 0.1379 CF + 1.1903 EE +

0.4228 NFE +0.1969 CP [49].

TABLE 2. Effects of niacin supplementation on the body weight of Madura cattle during the post-transportation

recovery period

Parameters Pre-

Post-transportation

transportation

BW (ka)* Day-0 BW Day-28 BW (kg)*  Weight loss post- ADay-0 and Day-  ygjue
(kg) (kg) transportation (%) 28 BW (kg)

Control 289.65 £24.02  226.71+14.19 295.64 + 22.59 -21.73 68.92 +17.32 0.064
Niacin 282.99 £27.45 22257 +12.66 27434 £14.11 -21.35 51.77 £16.27 '

* Body weight estimation uses the Winter formula in Ni’am et al. [17]; Day-0 was designated as the day the animals arrived at the

experimental facility, BW = body weight.
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Fig. 1. Effects of niacin supplementation on daily dry matter intake of Madura cattle during the post-transportation recovery period.
DM = dry matter; BW = body weight. * Significant differences (P<0.05) were observed in comparison to week 1. 2"
Significant differences between treatments at the designated week (P<0.05).
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Fig. 2. Effects of niacin supplementation on blood glucose (A), hemoglobin (B), hematocrit (C), total erythrocyte counts (D), and total
leukocyte counts (E) of Madura cattle during the post-transportation recovery period. Day-0 was designated as the day the
animals arrived at the experimental facility. *Significant difference (p<0.05) in comparison to day 0; **Significant difference
(p<0.05) between the treatments.
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Fig. 3. Effects of niacin supplementation on the percentage of lymphocyte (A), neutrophil (B), eosinophil (C),

monocyte (D), basophil (E), and neutrophil-lymphocyte ratio (F) of Madura cattle during the post-
transportation recovery period. Day-0 was designated as the day the animals arrived at the experimental
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References
1. Zali,

M., Nurlaila, S., Riszqgina, Heryadi, A.Y. and
Hetharia, L.F. A literature on the development of
livestock industries: A perspective of Madurese cattle
farmers. International Journal of Veterinary Sciences
and Animal Husbandry, 7(6), 17-20 (2022). DOI:
10.22271/veterinary.2022.v7.i6a.448

. Valadez, M. and Lama, G.C.M. Transporting Ccattle.
Animal Behaviour and Welfare Cases. CABI
International, United Kingdom (2023). DOI:
10.1079/abwcases.2023.0007

3.

Meléndez, D.M., Marti, S., Haley, D.B,,
Schwinghamer, T. and Schwartzkopf-Genswein, K.S.
Effect of transport and rest stop duration on the
welfare of conditioned cattle transported by road.
PLoS ONE, 15(3), e0228492 (2020). DOI:
10.1371/JOURNAL.PONE.0228492

Jaman, J.H., Buono, A., Astuti, D.A., Wijaya, S.H. and
Burhanuddin, B. Cattle transport drivers clustering
using PCA and K-Means Algorithm. E3S Web
Conferences, 500, 03044 (2024). DOI:
10.1051/e3sconf/202450003044

Egypt. J. Vet. Sci.



DAVIN LIUZ et al.

10.

11.

12.

13.

14.

Nelvita, T., Purnomoadi, A. and Rianto, E. Pemulihan
kondisi fisiologis, konsumsi pakan dan bobot badan
domba ekor tipis pada umur muda dan dewasa pasca
transportasi pada siang hari. Jurnal Sain Peternakan
Indonesia, 13(4), 337-342 (2019). DOI:
10.31186/jspi.id.13.4.337-342

Santinello, M., Lora, I., Villot, C., Cozzi, G., Penasa,
M., Chevaux, E., Martin, B., Guerra, A., Righi, F. and
De Marchi, M. Metabolic profile of Charolais young
bull transported over long-distance. Preventive
Veterinary Medicine, 231, 106296 (2024). DOI:
10.1016/j.prevetmed.2024.106296.

Takemoto, S., Tomonaga, S., Funaba, M. and Matsui,
T. Effect of long-distance transportation on serum
metabolic profiles of steer calves. Animal Science
Journal,  88(12), 1970-1978  (2017). DOI:
10.1111/asj.12870

van Dijk, L.L., Siegmann, S., Field, N.L., Sugrue, K.,
van Reenen, C.G., Bokkers, E.A.M., Sayers, G. and
Conneely, M. Effect of source and journey on
physiological variables in calves transported by road
and ferry between Ireland and Netherlands. Frontiers
in Veterinary Science, 10, 1238734 (2023). DOI:
10.3389/fvets.2023.1238734

Chitko-McKown, C.G., Bennett, G.L., Kuehn, L.A.,
DeDonder, K.D., Apley, M.D., Harhay, G.P., Clawson,
M.L., Workman, A.M., White, B.J., Larson, R.L,,
Capik, S.F. and Lubbers, B.V. Cytokine and
haptoglobin profiles from shipping through sickness
and recovery in metaphylaxis- or un-treated cattle.
Frontiers in Veterinary Science, 8, 611927 (2021).
DOI: 10.3389/FVETS.2021.611927

Qi, J., Huang, F., Gan, L., Zhou, X., Gou, L., Xie, Y.,
Guo, H. and Fang, J. Multi-omics investigation into
long-distance road transportation effects on respiratory
health and immunometabolic responses in calves.
Microbiome, 12(1), 242 (2024). DOI: 10.1186/s40168-
024-01962-2

Boronovskiy, S.E., Kopylova, V.S. and Nartsissov,
Y.R. Metabolism and receptor mechanisms of niacin
action. Cell and Tissue Biology, 18(2), 128-147 (2024).
DOI: 10.1134/51990519X23700025

Petrovié, K., Stojanovié, D., Strbac, F. and Hristovska,

T. Physiological role, pharmacokinetics and
pharmacodynamics of niacin in cows. 26th
International  Congress of the Mediterranean

Federation for Health and Production of Ruminants
Fe. Me.SPRum., 24024  (2024). DOI:
10.5937/femesprumns24024p

Jiang, Q., Lin, L., Xie, F., Jin, W., Zhu, W., Wang, M.,
Qiu, Q., Li, Z. and Liu, J. Metagenomic insights into
the microbe-mediated B and K2 vitamin biosynthesis
in the gastrointestinal microbiome of ruminants.
Microbiome, 10(1), 109 (2022). DOI: 10.1186/s40168-
022-01298-9

Zou, B., Long, F., Xue, F.., Qu, M., Chen, C., Zhang,
X. and Xu, L. Alleviation effects of niacin
supplementation on beef cattle subjected to heat stress:
A metagenomic insight. Frontiers in Microbiology, 13,
975346 (2022). DOI: 10.3389/fmich.2022.975346

Egypt. J. Vet. Sci.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Alfaro, G.F., Palombo, V., D’Andrea, M., Cao, W.,
Zhang, Y., Beever, J., Muntifering, R.B., Pacheco,
W.J., Rodning, S.P., Wang, X. and Moisa, S.J. Hepatic
transcript profiling in beef cattle: Effects of rumen-
protected niacin supplementation. PLoS One, 18(8),
€0289409 (2023). DOI: 10.1371/journal.pone.0289409

Flachowsky, G. Niacin in dairy and beef cattle
nutrition. Archiv fur Tiererndhrung, 43(3), 195-213
(1990). DOI: 10.1080/17450399309386036

Ni'am, H.U.M., Purnomoadi, A., Dartosukarno, S.
Relationship between body measurements and the body
weight of female Bali cattle in various age groups.
Animal Agriculture Journal, 1(1), 541-556 (2012).

Sastradipradja, D., Hartini, S. Fisiologi Veteriner.
Institut Pertanian Bogor Press, Indonesia (1989).

Hultgren, J., Segerkvist, K.A., Berg, C., Karlsson,
AH., Ohgren, C. and Algers, B. Preslaughter stress
and beef quality in relation to slaughter transport of
cattle. Livestock Science, 264, 105073 (2022). DOI:
10.1016/j.livsci.2022.105073

Nicolasein, S., Langkabel, N., Thoene-Reineke, C. and
Wiegard, M. Animal welfare during transport and
slaughter of cattle: A systematic review of studies in
the european legal framework. Animals, 13(12), 1974
(2023). DOI: 10.3390/ani13121974

Deters, E.L. and Hansen, S.L. Long-distance transit
alters liver and skeletal muscle physiology of beef
cattle. Animal, 16(6), 100555 (2022). DOI:
10.1016/j.animal.2022.100555

Baihagi, M., Nuraini, H., Jayanegara, A. and Manalu,
W. Effect of methionine hydroxy analog (MHA) or
dextrose supplementation on physiological responses
and behaviours of sheep under transportation stress.
IOP Conference Series: Earth and Environmental
Science, 1114, 012085 (2022). DOI: 10.1088/1755-
1315/1114/1/012085

Luo, D., Gao, Y., Lu, Y., Zhang, Q., Qu, M., Xiong,
X., Xu, L., Zhao, X., Pan, K. and Ouyang, K. Niacin
supplementation improves growth performance and
nutrient utilisation in Chinese Jinjiang cattle. Italian
Journal of Animal Science, 18(1), 57-62 (2019). DOI:
10.1080/1828051X.2018.1480426

Chen, C,, Yang, X., Xia, C., Duan, C., Guo, Y., Ji, S.,
Yan, H., Liu, Y. and Zhang, Y. Effects of different
treatments of transportation stress on slaughter
performance, serum biochemical indexes and meat
quality of lambs. Chinese Journal of Animal Nutrition,
35(2), 1078-1091 (2023). DOI:
10.12418/CJAN2023.102

Luo, D., Zhipeng, P., Yang, L., Qu, M., Xiong, X., Xu,
L., Zhao, X., Pan, K. and Ouyang K. Niacin protects
against butyrate-induced apoptosis in rumen epithelial
cells. Oxidative Medicine and Cellular Longevity,
2019, 2179738 (2019). DOI: 10.1155/2019/2179738

Zhang, X., Hao, X., Dong, Y., Wang, X., Zhang, J. and
Zhang, C. Effects of niacin supplementation in a high-
concentrate diet on growth performance, nutrient
digestibility, and microbial protein synthesis of
finishing lambs. Animal Feed Science and Technology,
318, 116125. DOI: 10.1016/j.anifeedsci.2024.116125



EFFECTS OF NIACIN SUPPLEMENTATION ON HEMATOLOGICAL PROFILE AND POST-TRANSPORTATION... 9

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Sujarnoko, T.U.P., Budiono, D., Sholeha, N.A.,
Siskandar, R., Syahniar, T.M., Andriani, M. and
Prastujati, A.U. Potential loss of body weight in bull
transportation and the effect of adding Acacia
mangium bark extract during recovery period. 10P
Conference Series: Earth and Environmental Science,

1446, 012043 (2025). DOI: 10.1088/1755-
1315/1446/1/012043
Marchi, P.G.F.de, Rezende-Lago, N.C.M.de, Rosa,

B.L., Silva, L.A., Messias, C.T., Araujo, D.S.de.S., and
Siqueira, A.B.de. Stress indicators in cattle submitted
to different preslaughter rest times. Semina-Ciencias
Agrarias,  43(5), 1975-1984  (2022). DOI:
10.5433/1679-0359.2022v43n5p1975

Abbas, Z., Sammad, A., Hu, L., Fang, H., Xu, Q. and
Wang, Y. Glucose metabolism and dynamics of
facilitative glucose transporters (GLUTSs) under the
influence of heat stress in dairy cattle. Metabolites,
10(8), 312 (2024). DOI: 10.3390/metabo10080312

Sammad, A., Wang, Y.J., Umer, S., Hu, L., Khan, I.,
Khan, A., Ahmad, B. and Wang, Y. Nutritional
physiology and biochemistry of dairy cattle under the
influence of heat stress: consequences and
opportunities. Animals. 10(5), 793 (2020). DOI:
10.3390/ani10050793

Helayel, M.A., da Cunha, N.C., Moron, S.E., da Silva,
P.C.A.R., da Cunha, I.M., Chenard, M.G., Xavier, M.,
Carvalho, V.de.A.N., Nunes, G.de.S. and Lopes,
S.de.P. Comparative analysis between portable
glucometer and enzyme method for measurement of
blood glucose levels in cattle. Acta Scientiae
Veterinariae, 48, 1734 (2020). DOI: 10.22456/1679-
9216.102954

Petrovi¢, K., Djokovic, R., Cincovi¢, M., Hristovska,
T., Lalovi¢, M., Petrovic, M.P., Majki¢, M.,
Marinkovi¢, M.D., Andus$i¢, L., Devecerski G.,

Stojanovié, D. and Strbac, F. Niacin status indicators
and their relationship with metabolic parameters in
dairy cows during early lactation. Animals, 12(12),
1524 (2022). DOI: 10.3390/ani12121524

Naldurtiker, A., Batchu, P., Kouakou, B., Terrill, T.H.,
McCommon, G. and Kannan, G. Differential gene
expression analysis using RNA-seq in the blood of
goats exposed to transportation stress. Scientific
Reports, 13, 1984 (2023). DOI: 10.1038/s41598-023-
29224-5

Santinello, M., Lora, 1., Villot, C., Cozzi, G., Penasa,
M., Chevaux, E., Martin, B., Guerra, A., Righi, F. and
De Marchi, M. Metabolic profile of Charolais young
bull transported over long-distance. Preventive
Veterinary Medicine, 231, 106296 (2024). DOI:
10.1016/j.prevetmed.2024.106296

Goetz, H.M., Creutzinger, K.C., Kelton, D.F., Costa,
J.H.C., Winder, C.B., Gomez, D.E. and Renaud, D.L.
A randomized controlled trial investigating the effect
of transport duration and age at transport on surplus
dairy calves: Part Il. Impact on hematological
variables. Journal of Dairy Science. 196, 2800-2818
(2023). DOI: 10.3168/jds.2022-22367

Marjory, B.B., Harr, K.E., Seeling, D.M., Wardrop,
K.J. and Weiss, D.J. Schalm’s Veterinary Hematology,
7th ed. Willey Blackwell, US (2022).

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

Zulkifli, 1., Abubakar, A., Sazili, A.Q., Goh, Y.M.,
Imlan, J.C., Kaka, U., Sabow, A.B., Awad, E.A,
Othman, A.H., Ragzhali, R., Phillips, C.J.C.,
Nizamuddin, H.N.Q. and Mitin, H. The effects of sea
and road transport on physiological and
electroencephalographic  responses in  Brahman
crossbred heifers. Animals, 9(5), 199 (2019). DOI:
10.3390/ani9050199

Jung, D., Kim, D.H., Beak, S.H., Cho, I.G., Hong, S.J.,
Lee, J., Lee, J.O., Kim, H.J., Malekkhahi, M. and Baik,
M. Effects of vitamin E and selenium administration
on transportation stress in pregnant dairy heifers.
Journal of Dairy Science, 106(12), 9576-9586 (2023).
DOI: 10.3168/jds.2023-23463

Ruwandani, S. and Trisna, A. Effect of UMMB (urea
molasses multi-nutrient block) based on coffee skin on
erythrocytes, hematocrit and hemoglobin in transport
stress of sheep. Jurnal Peternakan Integratif, 12(1),23-
28 (2024). DOI: 10.32734/jpi.v12i1.16314

Alam, M., Hasanuzzaman, M., Hassan, M.M., Rakib,
T.M., Hossain, M.E., Rashid, M.H., Sayeed, Md.A.,
Philips L.B. and Hoque, Md.A. Assessment of
transport stress on cattle travelling a long distance
(=648 km), from Jessore (Indian border) to Chittagong,
Bangladesh. Veterinary Record Open, 5(1), €000248
(2018). DOI: 10.1136/vetreco-2017-000248

Jovicic, S. Daily water regime and sample sampling
affect blood and urine parameter value change in
healthy individuals. The Journal of Basic and Applied
Zoology, 82(1), 1-10 (2021). DOI: 10.1186/S41936-
021-00228-9

Wang, X.Y., Wang, Z., Xue, B., Wang, L., Peng, Q.,
Zou, H., Zhu, Y., Zhou X, Cao, G., Dai, Q., Shi, J. and
Wang, C. Effects of niacin on growth performance,
nutrient apparent digestibility, and blood indeks of yak
under heat stress. Chinese Journal of Animal Nutrition,
32(5), 2228-2240 (2020). DOI: 10.3969/j.issn.1006-
267x.2020.05.032

Pagliasso, G., Moriconi, M., Fusi, F., Vitale, N.,
Vevey, M., Dondo, A., Razzuoli, E. and Bergagna, S.
Evaluation of the immune response to transport stress
in the Aosta Valley Breed. Veterinary Sciences, 10(5),
351 (2023). DOI: 10.3390/vetsci10050351

Ganji, S.H., Kamanna, V.S. and Kashyap, M.L. Niacin
decreases leukocyte myeloperoxidase: mechanistic role
of redox agents and Src/p38MAP  kinase.
Atherosclerosis, 23592, 554-561 (2014). DOI:
10.1016/j.atherosclerosis.2014.05.948

Avila-Jaime, B., Ramos-Zayas, Y., Franco-Molina,
M.A., Alvarado-Avila, R., Zamora-Avila, D.E.,
Fimbres-Durazo, H., Zarate-Ramos, J.J. and Kawas,
J.R. Effects of transportation stress on complete blood
count, blood chemistry, and cytokine gene expression
in heifers. Veterinary Sciences, 8(10), 231 (2021).
DOI: 10.3390/VETSCI8100231

Sanchez, N.C., Broadway, R., Carroll, J.A., Barker, S.,
Bratcher, C., Loomas, K. Impact of different stressors
on physiological and immunological variables in dairy
calves. Journal of Animal Science, 101,
(Supplement_1),60-61 (2023). DOI:
10.1093/jas/skad068.071

Egypt. J. Vet. Sci.



10 DAVIN LIUZ et al.

47. Khan, M.Z., Huang, B., Kou, X., Chen, Y., Liang, H.,
Ullah, Q., Khan, I.M., Khan, A., Chai, W. and Wang,
C. Enhancing bovine immune, antioxidant and anti-
inflammatory  responses with vitamins, rumen-
protected amino acids, and trace minerals to prevent
periparturient mastitis. Frontiers in Immunology, 14,
1290044 (2024). DOI: 10.3389/fimmu.2023.1290044

48. van de Wouw, M., Sichetti, M., Long-Smith, C.M.,
Ritz, N.L., Moloney, G.M., Cusack, A.M., Berding, K.,
Dinan, T.G. and Cryan, J.F. Acute stress increases
monocyte levels and modulates receptor expression in
healthy females. Brain, Behavior, and Immunity, 9,
463-468 (2021). DOI: 10.1016/j.bbi.2021.03.005

49. Wardeh, M.F. Models for estimating energy and
protein utilization for feeds [dissertation]. Utah State
University, US (1981).

Egypt. J. Vet. Sci.



