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Abstract | The use of dedicated livestock vessels, such as the Camara Nusantara (CN) fleet, is part of the Indonesian
government’s strategy to improve the efficiency of inter-island livestock transportation and welfare standards. This study
evaluates the implementation of animal welfare principles on CN vessels, assesses their impact on cattle weight loss
during transport, and the associated economic benefits. The research was conducted in August 2024 , focusing on cattle
shipments from East Nusa Tenggara (ENT) via Tenau Seaport to Samarinda (East Kalimantan) using the CN-5 vessel.
Primary data were collected through direct observation, interviews, and physical measurements of 135 randomly select-
ed cattle across three decks (Deck A, B and C) by Slovin’s formula with a 7.5% acceptable margin of error. Environmen-
tal conditions (temperature and humidity), feed and water provision, and welfare practices were monitored throughout
the voyage. Structural adjustments to the vessel, particularly regarding conditions on Deck C, are recommended because
this deck showed the most favorable Temperature-Humidity Index (THI)—a metric combining ambient temperature
and humidity to assess thermal stress in cattle. Improving feed quality supplied by livestock traders during transport
may reduce live weight loss. CN vessel operators should optimize blowers and ventilation systems to maintain humidity
and temperature levels conducive to animal comfort, thereby mitigating weight loss. Weight loss was measured pre- and
post-transport. A Benefit-Cost Analysis (BCA) and one-way ANOVA were applied to evaluate economic outcomes
and differences across decks. The results indicated that implementing animal welfare standards reduced cattle weight
loss, which ranged from 4.6% to 7.6%, with an average of 6.3%. Contributing factors included sufficient feed and water,
adequate ventilation, and stress management. The BCA result of 1.243 (>1) confirms a positive financial return due to
reduced weight loss and lower transport costs. Applying animal welfare principles in livestock transport is crucial to
maintain animal performance, safeguard welfare, and ensure economic sustainability within Indonesia’s livestock supply
chain.
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INTRODUCTION

ivestock transportation is crucial to the livestock in-

dustry, serving as a vital link between producers and
consumers across different regions. In Indonesia, an archi-
pelagic country, sea transportation is the primary means of
distributing livestock from production centres to consum-
er regions inaccessible by land routes. However, maritime
livestock transport presents challenges, including extend-
ed distances, fluctuating sea conditions, and longer travel
times. According to Winarso (2014), extended journeys in-
crease logistical costs and negatively affect animal welfare

and health.

One of Indonesia’s main issues in sea-based livestock trans-
portation is the limited implementation of animal welfare
(AW) principles. This is largely due to the continued use
of modified cargo vessels that do not adhere to proper AW
standards for inter-island livestock transport. Inadequate
transportation conditions can impose psychological and
physical stress on animals (Buckham-Sporer ez a/., 2023).
Such stress arises from extreme heat, improper handling,
movement restrictions, limited access to feed and water,
loud noises, overcrowding, and social disruption (Collins e#
al.,2018; Nicol and Scott, 1990). These stressors can lead to
weight loss, elevated levels of cortisol, hematocrit, and cre-
atinine in the blood, carcass bruising, and a decline in meat
quality, which ultimately affects animal health and market
value (Lendrawati ef al., 2019; Carrasco-Garcia ez al., 2020;
Zanardi et al., 2022; Hultgren ez al., 2022). Furthermore,
transporting livestock using vessels not specifically de-
signed for animals results in restricted movement, inade-
quate ventilation, and insufficient feed and water facilities.
Consequently, cattle weight loss during transit can reach
11%-12%, leading to economic losses for farmers and in-

dustry stakeholders (Ilham and Yusdja, 2004).

In addition, irregular vessel leasing mechanisms and fluctu-
ating charter costs pose significant barriers to efficient and
sustainable livestock distribution (DITJENPKH, 2016).
These challenges create uncertainty in livestock shipments
from production centres and instability in livestock supply
in consumer regions. Such conditions may drive up trans-
portation costs and contribute to market price volatility.

To address these persistent challenges, the Indonesian gov-
ernment launched the Camara Nusantara (CN) fleet—a
series of specialized livestock vessels designed to modern-
ize the inter-island distribution of live animals. This na-
tional initiative aims to enhance transport efficiency, re-
duce logistical costs, streamline the distribution chain, and
uphold animal welfare (Nugraha ez a/., 2020). Each of the
six CN vessels were built under standardized government
specifications and are equipped with improved facilities,

including enlarged livestock compartments, enhanced ven-
tilation systems, and scheduled feed and water manage-
ment protocols to mitigate stressors during sea voyages. As
government policy increasingly emphasizes evidence-based
interventions, a systematic evaluation of the CN vessels is
essential to assess their effectiveness in improving animal
welfare, reducing weight loss during transport, increasing
cost efficiency, and delivering economic benefits to farmers
and industry stakeholders. While the present study focuses
on CN-5, which operates the Kupang—Samarinda route,
its findings are potentially generalizable across the CN
due to the vessels’ uniform design and operational proto-
cols. Nonetheless, broader research across other vessels and
routes remains necessary to validate these conclusions and

support scaling efforts fully.

'The novelty of this study lies in its comprehensive evalua-
tion of CN vessels. Unlike previous studies that primarily
focused on technical aspects of transportation, this research
adopts a multidimensional analysis encompassing techni-
cal, animal welfare, and economic perspectives. Moreover,
this study compares conditions before and after CN ves-
sel implementation and quantifies the tangible impacts
on animal welfare, transportation cost efficiency, and the
financial benefits received by farmers and industry actors.
Furthermore, this research examines the potential of CN
vessels in supporting government policies aimed at im-
proving animal welfare and enhancing the sustainability of
the national livestock industry.

MATERIALS AND METHODS

RESEARCH TIME AND LOCATION

'This study was conducted in East Nusa Tenggara (ENT)
Province, the departure point for cattle shipments via
Tenau Seaport, with Jakarta and Samarinda City in East
Kalimantan Province as the destinations (Figure 1). The re-
search was carried out on August, 2024 .

[ ==camara Nusantara 1PT PELNI RT-01
s | Camara Nusantara 2 [PT Wirayuda Maritim |RT-02
s | Camara Nusantara 3 |PT Pelangi Tunggal Ika RT-03
[ |Camara Nusantara 4 |PT Pelangi Tunggal Ika|RT-04
[ Camara Nusantara 6 PT Wirayuda Maritim |RT-05
| s | Camara Nusantara 5 |PT ASDP |rT-06

Kupang - Waingapu - Tanjung Priok/Patimban - Kupang
Kupang - Wini - Atapupu - Tanjung
Kupang/Bima/Calabai/Badas - Tanjung Priok- Kupang

- Kupang

Kupang - Wini - Atapupu - Samarinda/Balikpapan - Kupang
Kupang/Bima/Badas - 6anjarmasin - Kupang
Kwandang - Tarakan - Balikpap: inda - Pare-Pare -

pan - Kwandang

Figure 1: Camara nusantara ship route in 2024.
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TyPES, SOURCES AND METHODS OF DATA COLLECTION
'This study utilized both primary and secondary data sourc-
es. Primary data included: (a) body weight measurements
of cattle before and after transportation, (b) environmental
parameters—temperature, humidity, and wind speed—re-
corded using thermometer, hygrometer, and anemometer,
and (¢) the frequency of feed and water provision dur-
ing the voyage. Environmental conditions were measured
continuously at one-minute intervals for temperature and
humidity, and three times daily for wind speed. Second-
ary data were sourced from the Directorate General of Sea
Transportation, Ministry of Transportation of the Republic
of Indonesia, specifically including official records on gov-
ernment livestock shipping subsidy allocations in a year.

To determine the sample size for cattle weight measure-
ment, the Slovin formula was applied using a 7.5% margin
of error at a 92.5% confidence level, yielding a statistical-
ly representative sample of 135 cattle from a population
of 2,100 head. All selected animals were weighed at the
Animal Quarantine Facility in Kupang prior to loading
and re-weighed at the destination facility in Samarinda.
Observations of animal welfare practices were conducted
throughout the voyage to capture real-time implementa-
tion patterns (Veissier 7 a/., 2018).

Although the CN-5 vessel comprises four decks, data col-
lection focused on Decks A, B, and C, with 45 cattle select-
ed randomly from each. This approach ensured proportion-
al representation and facilitated comparative analysis across
varying environmental and structural conditions on board

(see Figure 2).
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Figure 2: Positions of deck A, B, and C on the Camara

Nusantara ship.

DATA ANALYSIS

Both quantitative and qualitative descriptive analyses
were used to interpret the findings. Quantitative analysis
involved tabulation and graphical representation of data,
while qualitative analysis focused on descriptive observa-
tions regarding cattle conditions during transportation.
One-way Analysis of Variance (ANOVA) was conducted
to evaluate differences in weight loss across decks. This sta-
tistical approach was also applied to compare variations in
environmental conditions, such as temperature and humid-
ity, among Deck A, Deck B, and Deck C. The full expres-
sion of the ANOVA model used in this study is provided

in the Supplementary Data.

The t-test is a widely used statistical hypothesis test to
evaluate whether significant differences exist between the
means of two or more groups (Kim, 2015). In this study, a
t-test was applied to assess differences in cattle weight loss

across groups on decks A, B, and C.

The financial benefits of using a dedicated livestock vessel
were evaluated through the Benefit-Cost Analysis (BCA)
method (Boardman e7 a/., 2018). This approach assessed
the financial feasibility of subsidized livestock transpor-
tation by comparing transportation costs, the impact of
weight loss, and government-provided subsidies. The BCA

formula applied in this study is shown below:

Total weight loss (Rp) + Transport cost(R
BCA = g (Rp) v (Rp)

Total Goverment Subsidy (Rp)

Where;

Total weight loss (Rp) refers to the monetary equivalent of
cattle weight reduction during transport;

Transport cost (Rp) refers to the logistical expenses associ-
ated with livestock shipping;

Total government subsidy (Rp) denotes the financial sup-
port allocated for livestock vessel operations.

If the BCA value exceeds 1, the CN-5 livestock vessel
demonstrates financial benefits. Conversely, if the BCA
value is 1 or lower, this transportation system is deemed fi-
nancially unfeasible. This method refers to the guidelines of
Boardman ez a/. (2018), which outline cost-benefit analysis
techniques for public policy decision-making.

RESULTS

ANIMAL WELFARE PRINCIPLES ON CN VESSELS
Animal welfare is a critical consideration throughout the
livestock industry, from upstream to downstream opera-
tions. It encompasses physical and psychological well-be-
ing, which are closely linked to their living conditions.
These include animals’ ability to exhibit natural behav-
iours, physical comfort, the absence of disease, and free-
dom from hunger (Giangaspero and Turno, 2024). This
study presents the findings of an observational study on
several practices and conditions during cattle transporta-
tion using the CN-5 vessel, which serves as a model for
implementing animal welfare principles. Although the
CN-5 vessel comprises four decks, only Decks A, B, and
C were used for cattle placement and thus included in the
sampling. Deck D, which functions as the engine room,
was excluded from the study due to its non-relevance to
animal transport.

AVAILABILITY OF FEED AND DRINKING WATER
Research findings indicate that feed availability on board
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the Camara Nusantara 5 (CN-5) vessel is generally suffi-
cient. The types of feed provided include corn stalks, rice
straw, and dried natural grasses. On average, each animal
received one bundle of feed weighing between 2.5 and 3
kg per feeding, with a frequency of three times daily—
morning, noon, and evening. Leftover feed was collected
and repurposed as bedding material, enhancing animal
comfort and reducing the risk of injuries caused by rig-
id or slippery ship flooring. Feed quality analysis showed
that the hay provided contained crude protein (CP) levels
ranging from 1.73% to 2.14%. The results of the analysis
can be seen in the table below (Table 1).

Table 1: The results of feed samples.

No Test Parameters Unit Sample1 Sample 2
1 Water Content % DM 9.47 8.62

2  Ash % DM 15.17 4.65

3 Crude Protein % DM 2.41 1.73

4  Crude Fat % DM 1.35 1.13

5  Crude Fiber % DM 45.58 54.61

6  Calsium % DM 1.45 0.7

7 Phospor % DM 0.12 0.19

*The analysis was carried out at the feed quality testing
and certification center, Indonesia. * % DM, percentages
on a dry matter basis.

ENVIRONMENTAL CONDITIONS

'The study results indicate that the onboard environmental
conditions varied across decks, likely influencing difter-
ences in cattle weight loss during transport. The open deck
(Deck C) generally provided a better environmental con-
dition than the more enclosed Deck A and B, particularly
in term of air circulation, temperature, and humidity. These
findings are consistent with Mason ¢z a/. (2007), who re-
ported that ventilation systems and the level of fresh air
exposure significantly impact stress levels and animal wel-
fare during transportation.

Table 2: Average temperature, humidity and THI.

Deck Temperature (C) Humidity (%) Average THI
A 31.99 67.33 84
B 29.44 71.26 81
C 28.82 70.19 79

Source: Primary data, 2024.

Table 2 presents the average recorded temperatures during
transport. The analysis revealed that the temperature on
Deck C was lower than that on Deck A and Deck B. Deck
C benefited from better ventilation, facilitating optimal
air circulation and contributing to a more stable ambient
temperature, thereby reducing thermal stress in the cattle.
Conversely, animals housed on Deck A and B were ex-
posed to higher temperatures, which may have led to in-

creased basal metabolic rates and more significant energy
expenditure for thermoregulation.

As presented in Table 2, Deck A maintained humidity
within the optimal range, facilitated by blowers and addi-
tional ventilation on both the port and starboard sides of
the vessel. This ventilation design enabled the removal of
excess moisture, preventing the accumulation of humidity
that could endanger animal welfare. Conversely, Decks B
and C recorded higher humidity levels despite having ac-
cess to outside air. This increase is likely associated with
seawater evaporation, a common phenomenon during
maritime transport (Petherick and Phillips, 2009). Elevat-
ed humidity increases the risk of skin infections, respira-
tory diseases, and metabolic disorders in cattle, especially
when combined with high temperatures and suboptimal
ventilation.

Table 2 shows the humidity levels recorded during trans-
port on the livestock vessel CN-5 across the observed
decks. Among the three analyzed decks, Deck A record-
ed the lowest relative humidity at 67.33%, while Decks B
and C exhibited humidity levels of 71.26% and 70.19%,
respectively. These findings demonstrate that Decks A, B,
and C humidity levels remained within normal ranges. This
aligns with the statement of Suprayogi ¢z a/. (2017), who
reported that optimal pen humidity ranges from 60-80%.
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Figure 3: Average temperature and humidity during
transportation (Deck A).
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Figure 4: Average temperature and humidity during
transportation (Deck B).
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July 2025 | Volume 13 | Issue 7 | Page 1589

transport, Figures 3, 4, and 5 present visualizations of the
O

Q-
Sols Links
OResearchers



OPEN@ACCESS

Advances in Animal and Veterinary Sciences

average temperature and humidity on each Deck. The
horizontal axes in Figures 3, 4, and 5 indicate the sailing
days and the times at which air temperature and humidity
measurements were taken. The left vertical axis represents
air temperature (°C), while the right vertical axis repre-
sents relative humidity (%). Temperature trends over time
are illustrated with black lines, whereas humidity trends
are shown with green lines.

Figure 5: Average temperature and humidity during
transportation (Deck C).

Data analysis revealed that Deck A recorded the highest
THI value (84), followed by Deck B (81) and Deck C (79).
A THI value exceeding 80 indicates suboptimal thermal
conditions that may compromise animal comfort, poten-
tially leading to heat stress and more significant live weight
loss than other decks. In contrast, the THI value on Deck C
suggests a more favourable environment for animal welfare
during transport. Statistical analysis using one-way Anal-
ysis of Variance (ANOVA) confirmed a significant differ-
ence in the mean THI values across the decks (P < 0.05).

WEIGHT Loss IMPACT DURING TRANSPORTATION

This study’s results showed that before transportation, the
average body weight of cattle was 278.08 + 38.85 kg, with
the heaviest animal weighing 392 kg and the lightest 194
kg. After a five-day sea voyage aboard the Camara Nusan-
tara vessel (CN-5) from Kupang (East Nusa Tenggara) to
Samarinda (East Kalimantan), the average body weight
decreased to 260.94 + 39.37 kg, with the heaviest animal
weighing 374 kg and the lightest 157 kg. Overall, there
was an average weight loss of 6.27 + 3.80%, reflecting the
impact of long-distance travel and the ship’s environmental
conditions on animal welfare and transportation efficiency.

Table 3: Average weight loss.

Deck Body Weight (kg) Weight Loss % Weight
Before After (kg) Loss

A 268.31+30.74 247.98+30.05 20.33+10.56 7.58

B 284.73+49.29 266.49+49.95 18.24+8.52 6.61

C 281.20+31.06 268.36+32.26 12.84+8.78 4.62

Mean 278.08+38.85 260.94+£39.37 17.1429.79 6.27
Source: Primary data, (2024).

Details of weight loss by deck are presented in Table 3.
These findings indicate variations in weight reduction
across the observed decks, with Deck A experiencing the
highest weight loss (7.58%), followed by Deck B (6.61%)
and Deck C (4.62%). These differences are likely attribut-
able to varying environmental factors, stocking densities,
and ventilation systems on each deck.

Statistical analysis using one-way ANOVA revealed a sig-
nificant difference in body weight loss among the three
decks (p < 0.05). This finding indicates that deck location
contributes to variations in weight loss, which may be at-
tributed to environmental conditions within the vessel,
such as air circulation and humidity. Deck A experienced
the highest weight loss (7.58%), likely due to inadequate
air circulation or higher stocking density than the other
decks. Conversely, Deck C exhibited the lowest weight loss
(4.62%), suggesting that the conditions on this deck were
more favourable for animal welfare. These results demon-
strate that optimizing ventilation can significantly reduce
transport-induced stress and minimize weight loss in cattle
during maritime transport.

THE AssocCIATED oF EcoNoMic BENEFITS

According to data from 2023, the average price of live cat-
tle in Samarinda, the destination area, was recorded at IDR
61,019 per kilogram. During the same period, 23,869 head
of cattle were transported using the CN-5 livestock vessel
on the Tenau-ENT to Samarinda, East Kalimantan route.
One key financial advantage of utilizing the CN livestock
vessel is reducing cattle body weight loss during transpor-
tation.

Previous studies reported that cattle transported by con-
ventional cargo vessels experienced an average body weight
loss of 18.5% (Sujadi, 2019). In contrast, research on the
CN-5 livestock vessel demonstrated an average weight loss
of only 6.27%. This indicates that using the CN-5 livestock
vessel reduces weight loss by 12.23% compared to cargo
vessels. This difference has significant economic implica-
tions for livestock traders, as the final body weight of cattle
upon arrival directly affects their market value. Assuming
an average cattle weight of 278 kg, as reported in this study,
the financial benefit derived from the reduced weight loss
when using the CN livestock vessel amounts to approxi-
mately IDR 49,518,851,496. This reduced weight loss re-
flects improved transportation efficiency and translates into
direct financial gains for traders.

In addition to minimizing body weight loss, this study
also identified that the CN livestock vessel offers finan-
cial benefits through lower transportation costs. The aver-
age shipping cost using conventional cargo vessels on the
Tenau-ENT to Samarinda-East Kalimantan route is ap-
proximately IDR 2,000,000 per head. The regulated fare
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for the CN livestock vessel, as stipulated in Minister of
Transportation Regulation No. 76 of 2019 and Minister
of Transportation Decree No. 260 of 2019, is set at IDR
771,600 per head on the same route. Therefore, the cost
difference between cargo vessels and the CN livestock
vessel is IDR 1,228,400 per head. Given the 23,869 cattle
transported by the CN vessel in 2023, the cumulative fi-
nancial benefit from reduced transportation costs amounts

to IDR 29,320,679,600.

Overall, the total financial benefit of the CN livestock ves-
sel, calculated from reduced body weight loss and savings
in transportation costs, reaches IDR 78,839,531,096. To
assess the economic feasibility of this policy, the financial
benefits are compared with the government subsidy allo-
cated to the CN livestock vessel in 2023, which amounted
to IDR 63,426,377,000. Utilizing the Benefit-Cost Anal-
ysis (BCA) method, the benefit-cost ratio is calculated as
follows:

__ Total weight loss (Rp) + Transport cost(Rp)

BCA = Total Goverment Subsidy (Rp)
78,839,531,096
= 63,426,377,00 0
=1,243
DISCUSSION

ANIMAL WELFARE PRINCIPLES ON CN VESSELS

In Indonesia, livestock handling during transportation has
yet to fully adhere to established animal welfare stand-
ards. This is evident in practices observed while loading
animals onto vessels, throughout the journey, and during
the unloading process, all of which still exhibit significant
shortcomings. In response to these issues, the government
has introduced improvements in livestock transportation
systems, particularly for inter-island transport using CN
livestock vessels. Traditionally, inter-island cattle transport
has relied on cargo ships not specifically designed for live-
stock carriage. As a result, their design and handling pro-
cedures fail to meet animal welfare standards.

AVAILABILITY OF FEED AND DRINKING WATER

'The provision of feed and drinking water during livestock
transport is crucial for maintaining for animal welfare and
physiological stability throughout the journey. Prolonged
hunger is strongly associated with compromised animal
welfare during transportation and can lead to specific
physiological changes (Giangspero and Turno, 2024). The
proximate analysis results presented in Table 1 represent
the average chemical composition of the mixed roughage
provided to cattle on board the Camara Nusantara 5 (CN-
5) livestock vessel. The feed consisted of a heterogeneous
blend of corn stalks, rice straw, and dried natural grasses, as
distributed and consumed in practice. The reported values,

including CP content ranging from 1.73% to 2.14%, cor-
respond to the nutritional profile of the total mixed feed.

While the provision of feed three times daily was intended
to maintain physiological balance, it is important to ac-
knowledge that the CP content of 1.73-2.14% is critically
low when compared to the recommended dietary require-
ments for ruminants undergoing transport stress, which
typically range from 7% to 12% CP depending on age and
condition (NRC, 2016). These low CP levels, although
common in tropical fibrous forages, may be inadequate
for maintaining muscle metabolism and immune function

during prolonged voyages.

Furthermore, it should be noted that feed intake was not
measured directly at the individual level. Instead, data were
based on recorded feed provision schedules and estimated
group-level consumption. This limitation could introduce
bias, particularly if stress-related anorexia influenced access
to feed. Future studies should consider integrating indirect
intake estimation methods (e.g., residual feed analysis or
marker-based assessments) to improve accuracy.

Continuous feed availability and a consistent feeding
schedule during transport helped maintain metabolic bal-
ance. Feed deficiencies during transit can lead to hepat-
ic glycogen depletion as the animal shifts to alternative
energy sources, resulting in a negative energy balance, as
indicated by elevated concentrations of non-esterified fat-
ty acids and B-hydroxybutyrate in the blood (Earley and
O’Riordan, 2006; Ginane ef al., 2015).

In addition to feed management, an efficient water sup-
ply system is essential to prevent dehydration and reduce
transport-induced stress. The CN-5 vessel features a wa-
ter distribution system that is superior to those on con-
ventional cargo ships, ensuring regular access to drinking
water. Prolonged thirst can cause dehydration, leading to
adverse effects, including behavioral changes, when ani-
mals are deprived of water for more than 12 hours during
transport (Nielsen ez a/., 2022). Study results show that
each animal received an average of 25.4 litres of water per
day, administered in three sessions aligned with the feed-
ing schedule. Adequate and consistent water intake pre-
vents dehydration, which could otherwise lead to reduce
feed intake, metabolic disturbances, and increased oxida-
tive stress (Grandin, 2019).

However, several challenges affecting the water distribu-
tion system on the CN-5 were identified, potentially im-
pacting water availability for the animals. These include
low water pressure and a limited number of drinking sta-
tions. Under certain conditions, uneven water distribution
can hinder some animals from receiving sufficient water,
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and disrupting electrolyte balance. Insufficient hydration
can negatively impact physiological performance, leading
to weight loss due to fluid deficits and decreased metabolic
efficiency (Mitlohner ez a/., 2001).

The findings of this study highlighted that improved
feed and water management on board the CN-5 signif-
icantly enhances animal welfare and transport efficiency.
A well-structured feeding and watering schedule helps
maintain the physiological stability, reduces stress levels
and minimizes economic losses due to weight shrinkage
during transport. Despite existing technical limitations
in water distribution, optimizing the system such as in-
creasing water pressure, adding drinking stations, and
implementing hydration monitoring systems-can further
enhance livestock transport effectiveness in the future.

ENVIRONMENTAL CONDITIONS

Temperature fluctuations can disrupt metabolic home-
ostasis in livestock, ultimately affecting body weight re-
tention during transport. Previous studies have confirmed
that exposure to high temperatures during transportation
increases fluid loss and oxidative stress in cattle (Mitloeh-
ner ¢t al., 2001). These findings also indicate that cattle
exposed to more stable experiencing more stable temper-
atures with controlled humidity exhibit lower weight loss
percentages than those subjected to extreme temperature
fluctuations.

Cattle transported from Kupang, East Nusa Tenggara
(ENT), predominantly consist of Bali cattle, a local breed
with physiological adaptations to the region’s hot and arid
tropical climate. Bali cattle have evolved to tolerate high
temperatures and low rainfall conditions, making them
well-suited for the extreme environment of ENT (Rahayu
et al., 2016). The optimal temperature range for Bali cattle
lies between 24°C and 30°C. Although they can withstand
higher temperatures than temperate-region cattle, pro-
longed exposure to extreme heat still poses risks to their
welfare and productivity. According to FAO (2011), the
normal ambient temperature range for cattle is 18-24°C,
with critical temperatures starting at 27°C. Literature in-
dicates that at 25°C, cattle exhibit increased respiration
and sweating rates while rectal temperatures rise at 26°C.
Beyond these thresholds, cattle are likely to experience
heat stress (McDowell e al., 1969; Bianca, 1962). Heat
stress occurs when livestock fail to maintain homeothermy
(Buckham-Sporer ez al., 2023). According to Nielsen ez
al. (2022), the maximum permissible temperature during
transport is 27°C, with a relative humidity of 80%.

Prolonged exposure to high temperatures may result in
heat stress, characterized by an increased respiratory rate,
greater water intake, and the release of stress hormones
such as cortisol. Previous research has shown that chronic

heat stress in cattle can reduce feed efficiency and cause
electrolyte imbalance, ultimately leading to weight loss
during transport (Gaughan ez a/., 2010; Mahrunisa et al.,
1999).

In addition to temperature, ambient humidity plays a crit-
ical role in determining livestock health and welfare dur-
ing transport. Humidity levels are influenced by the ship’s
internal temperature, ventilation systems, and seawater
evaporation throughout the voyage. Excessively high and
low humidity can have a negative impact on cattle, par-
ticularly in terms of thermal stress, skin health, and overall
welfare. Overall, the combination of high temperature and
humidity contributes to an increased THI, a key indicator
for assessing livestock’s risk of heat stress (Dikmen and
Hansen, 2009). Therefore, optimizing the ship’s ventila-
tion and cooling systems is essential to mitigate the ad-
verse effects of transport on cattle health and productivity.

The lower humidity on Deck A is attributed to the op-
timal performance of the ventilation system, with all
blowers on both sides of the vessel operating effectively to
ensure better airflow. In contrast, Decks B and C exhib-
ited higher humidity levels despite being more open and
having greater access to external airflow. Seawater evapo-
ration can explain this phenomenon, which increases air
moisture around the more exposed areas. Thus, although
natural ventilation was expected to be more effective on
these decks, evaporation effects appear more dominant,

leading to higher humidity levels.

The environmental conditions on each vessel deck were
monitored throughout transport to evaluate their impact
on animal comfort and welfare. These variables were meas-
ured using standardized equipment to ensure accurate and
reliable data collection. In this study, the THI was employed
as the primary indicator for assessing the environmental
conditions on each deck. THI integrates temperature and
humidity into a single numerical value that reflects the lev-
el of thermal stress experienced by the animals.

Generally, thermoneutral conditions are achieved when the
THI is below 72, indicating the absence of stress symp-
toms. Mild stress occurs at THI values between 72-79,
moderate between 80-89, and severe between 90-99, as
defined by Dikmen and Hansen (2009) and supported by
subsequent literature (Veissier e a/., 2018; Dimov ez al.,

2020).

The findings indicate that insufficient air circulation on
Deck A was the primary factor contributing to the ele-
vated THI and poorer environmental conditions than the
other decks. One of the significant consequences of sub-
optimal ventilation is the accumulation of ammonia gas,
which originates from the decomposition of animal faeces
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and urine during transit. Elevated ammonia levels impair
respiratory health, exacerbate physiological stress, and in-
crease livestock risk of upper respiratory tract infections
(Jones ez al., 2019). Ammonia buildup may also reduce
feed intake, resulting in more severe live weight loss during
transportation. This study highlights that adequate ventila-
tion and air humidity management are crucial to ensuring
animal welfare during maritime transport. Improving the
ventilation system, particularly on Deck A, is essential to
mitigate heat stress and enhance the efficiency of livestock
transport aboard the CN-5 vessel.

FREE FROM PAIN, INJURY AND DISEASE

Based on research findings, the presence of veterinary
medical and paramedical personnel conducting health
examinations during transportation and the availability
of medications on board ensures that the animal welfare
aspect—specifically, livestock being free from pain, injury,
and disease—is adequately met. According to the estab-
lished procedures on board, veterinary medical personnel
and paramedics typically conduct monitoring twice daily,
in the morning and evening. This aligns with Matthews 7
al. (2016), who emphasized the importance of such mon-
itoring for the early detection of health issues and timely
intervention. Additionally, quarantine facilities are availa-
ble to isolate sick animals, preventing disease transmission.
This policy is consistent with best practices in livestock
management, as the segregation of sick animals increases

the likelihood of recovery (Broom, 2019).

FREE FROM UNNECESSARY FEAR AND STRESS

Research findings indicate that several factors contribute
to unnecessary fear during transportation, including loud
noises from blowers and ship engines. Creating a calm en-
vironment in the holding pens and minimizing loud nois-
es around the farm can provide a comfortable condition
for livestock, ensuring they remain free from fear (Yuliati,

2019).

BEHAVIORAL FREEDOM OF LIVESTOCK DURING
‘TRANSPORT

This study also evaluated the implementation of animal
welfare practices by measuring the available movement
space for livestock during transport on the CN-5 vessel.
Several studies have indicated optimal stocking density is
achieved when animals are not overcrowded and can still lie
down during the journey (Tarrant, 1990; Buckham-Sporer
et al., 2023). Increased stocking density has been associat-
ed with elevated stress levels, higher heart rates, more sig-
nificant injuries and bruising, and reduced carcass weight
(Tarrant, 1990). Measurements conducted in this study re-
vealed that the cattle transported on CN-5 had an average
floor space of 2.45 m? per head across the three main decks
observed during the voyage. This relatively low stocking

density allows the animals to express natural behaviours, a
key indicator of animal welfare during transport. Adequate
space availability enables cattle to stand steadily, rest com-
fortably, and perform the minimal movements necessary to
maintain balance during sea transit.

Nevertheless, in practice, the cattle were tied to the pen
rails to facilitate management and minimize the risk of in-
jury due to vessel movement. This restriction of movement
is considered necessary to maintain order, given that the
dynamic conditions of maritime transport can increase the
risk of slips or collisions between animals. However, despite
these limitations, the animals retained a certain degree of
flexibility to move within confined boundaries. They could
sit or lie on the pen floor, which may help reduce stress and
discomfort during the journey. A study by Grandin (2019)
reported that sufficient movement space during transport
directly correlates with reduced physiological stress in live-
stock, ultimately minimizing weight loss and promoting
health stability during transit.

WEIGHT Loss IMPACT DURING TRANSPORTATION
Suboptimal transportation processes can induce physio-
logical and metabolic stress in livestock, contributing to
body weight loss and reduced carcass quality (Pantur ez a/.,
2023). Body weight loss during transport can be classified
into two categories: shrinkage due to the excretion of fae-
ces and urine and shrinkage resulting from fluid loss within
animal tissues (Coffey ez a/., 2015). According to Pantur e#
al. (2023), weight loss in livestock during transportation is
generally caused by several factors, including limited feed
intake, suboptimal air circulation, high stocking density,
and ineflicient pre-loading, loading, accommodation, and
unloading processes. In addition to environmental con-
ditions, several other factors influence body weight loss
in livestock, such as handling procedures, previous feed-
ing regimens, initial conditioning, feed additives, and the
type of forage provided (Coffey ez a/., 2015; Malindo ez al.,
2023).

Weight loss during transportation is closely related to
physiological stress, which leads to reduced muscle glyco-
gen levels, fluid loss, and decreased carcass quality (Lawrie,
1991). The findings of this study indicate that the weight
loss of cattle transported using the CN-5 livestock vessel
(6.27%) was significantly lower than that of cattle trans-
ported using conventional cargo vessels. These results are
consistent with Sujadi (2019),who reported that specialized
livestock vessels such as the CN-5 can reduce body weight
loss to approximately 7-12%, compared to convention-
al cargo vessels, where weight loss can reach up to 18.5%.

The results of this study reinforce previous findings em-
phasizing the importance of transport management in
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safeguarding animal welfare and mitigating economic loss-
es due to body weight reduction (Sujadi, 2019). Therefore,
turther research is warranted to explore optimal strategies
for improving the onboard environment, including ventila-
tion design enhancements and optimizing feed and water
provision during transit. These strategies are expected to
improve livestock transportation efliciency, reduce trans-
port stress’s impact, and minimize body weight loss during
sea voyages.

THE AsSOCIATED OF EcONOMIC BENEFITS

BCA value of 1.243 (>1) indicates that the CN livestock
vessel program is financially viable under current condi-
tions, which include government subsidies. These findings
affirm that the livestock vessel subsidy program effectively
reduces transportation costs and directly contributes to in-
creasing profit margins for livestock businesses. Further-
more, the results of this study align with previous research
demonstrating that improved livestock transportation
systems can reduce animal stress, minimize body weight
loss, and enhance the efficiency of livestock supply chains

(Grandin, 2019).

From a policy perspective, the findings of this study sup-
port the continuation of livestock transportation subsidies,
highlighting their benefits in stabilizing meat prices and
promoting animal welfare during transport. Nevertheless,
further improvements are necessary to optimize logistics
systems, enhance animal welfare standards onboard live-
stock vessels, and conduct additional studies to explore the
potential expansion of routes and fleet size to broaden the
program’s benefits.

A basic sensitivity analysis was conducted to evaluate the
financial feasibility of the program without subsidies. In
Scenario 1 (with subsidies), the total financial benefit—es-
timated at IDR 78.8 billion—exceeded the government’s
2023 subsidy allocation of IDR 63.4 billion, resulting in a
BCA 0f 1.243.1In Scenario 2 (without subsidies), the BCA
value fell to 1.00, suggesting that without public support,
the program’s economic viability would be marginal. If op-
erational costs were to rise above current subsidy levels, the
BCA would drop below the break-even point, rendering

the initiative financially unsustainable.

'These findings emphasize the critical role of government
subsidies, especially in the early implementation phase.
However, to ensure long-term sustainability, the program
must pursue cost-reduction strategies. These may include
optimizing vessel capacity, enhancing feed logistics, scaling
up operations for better economies of scale, and leveraging
public—private partnerships (PPPs) to share financial bur-
dens and stimulate investment.

It is important to note that the financial benefits assessed
in this study are limited to direct economic gains from re-
duced live weight loss during transport. Broader econom-
ic impacts—such as decreased veterinary treatment costs,
improved animal performance post-transport, or increased
compliance with contractual specifications—were not in-
cluded in this analysis and warrant future investigation.
Future studies should incorporate probabilistic sensitivity
analysis (e.g., Monte Carlo simulations) and long-term fi-
nancial modeling to evaluate program sustainability under
variable market and operational conditions.

CONCLUSIONS AND
RECOMMENDATIONS

This study indicates that the specialized livestock vessel
Camara Nusantara 5 (CN-5) facilitates improved imple-
mentation of animal welfare practices in alignment with
key recommendations outlined in the World Organisation
for Animal Health (WOAH) Terrestrial Animal Health
Code (Chapter 7.2), particularly regarding feed and water
availability, thermal stress management, and injury preven-
tion. These practices contributed to reducing live weight
loss during cattle transport from Kupang to Samarinda
to 6.27%, compared to the 18.5% typically recorded on
conventional cargo vessels lacking dedicated livestock in-
frastructure. Improving feed quality supplied by livestock
traders during transport may reduce live weight loss. Struc-
tural adjustments to the vessel, particularly regarding con-
ditions on Deck C, are recommended. The Benefit-Cost
Analysis (BCA) result is 1,243, assessing the benefits of
reduced live weight loss and lower livestock transportation
costs against the government subsidies, indicates feasibil-
ity with a BCA value greater than 1. The comprehensive
application of animal welfare principles during livestock
transportation using Camara Nusantara vessels is essential
to minimize negative impacts on animal performance, wel-
fare, and financial losses.
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NOVELTY STATEMENTS

'This study provides the first integrated evaluation of animal
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welfare implementation, environmental conditions, and
economic outcomes aboard Indonesia’s specialized live-
stock vessel, Camara Nusantara-5. It uniquely combines
physiological data (cattle weight loss), environmental met-
rics (temperature-humidity index), and financial analysis
(Benefit-Cost Analysis) to assess the impact of maritime
transport on cattle welfare and performance. The findings
demonstrate that improved vessel design and welfare prac-
tices significantly reduce live weight loss (average 6.27%)
compared to conventional cargo vessels (18.5%), leading
to measurable financial benefits. This multidisciplinary ap-
proach offers new evidence supporting national livestock
transport policy, with implications for improving animal
welfare standards and cost-efficiency in inter-island ship-
ping systems.
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