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ABSTRACT

Feed costs account for over half of total production costs in broiler farming; thus, minimizing
them without compromising performance is essential. This study aimed to evaluate the effects of
dietary feed additives containing zinc and manganese chelates, vitamins C and D, and sodium
bicarbonate (NaHCO3) on growth Performance, carcass traits, and footpad dermatitis, and to conduct
a cosl-benefit analysis. A total of 144 male day-old Cobb 500 broiler chicks were randomly assigned
to a completely randomized design (CRD) with four treatments, each replicated four times with nine
birds per replicate. The dietary treatments consist of a basal diet without any additive (T1) and the
basal diet supplemented with the feed additive at three inclusion levels: 0.5 g/kg (T2), 1 g/kg (T3),
and 2 g (T4). These inclusion levels supplied with 5, 10, and 20 mg/kg of chelated Zn and Mn;
424.5, 849, and 1,698 mgfkg of sodium bicarbonate; 4, 8, and 16 mgfkg of vitamin C; and up to 325,
650, and 1,300 IU/kg of vitamin D, respectively. The results showed that supplementing the basal
diet with 2 g of Zn and Mn chelates, vitamins C and D, and a NaHCO; mixture per kg significantly
enhanced broiler performance, especially in body weight, feed intake, and weight gain during the
second week, Clear linear effects appeared in the early production stages. Additionally, a cost-benefit
analysis indicated that higher supplementation was economically beneficial. Furthermore, no adverse
effects were observed on carcass characteristics, skin tearing, or footpad dermalitis. In conclusion,
increased supplementation with these nutrients improved broiler chicken performance during the
early production phase.

Keywords: broiler performance; mineral chelates; vitamin C; vitamin D; sodium bicarbonate

INTRODUCTION

Due to the growing global population, demand for
meat, particularly poultry, continues to surge rapidly
(Dong et al., 2014). Poultry meat derived from broilers
is the most widely produced globally (Mramba &
Mapunda, 2024). hnproved genetics that contribute
to a rapid growth rate and enhanced feed efficiency in
broilers are considered economically advantageous.
However, feed cost remains the primary determinant
of profitability in broiler production (Abdalgalil, 2025).
For this reason, producers seek sustainable solutions
that support efficient growth, preserve meat quality and
profitability, and help broilers better withstand heat
stress, More recently, broiler nutritionists have focused
on alternative nutritional strategies, including the use
of chelated trace minerals and vitamins in broiler diets
(Alagawany et al, 2021; Faghih-Mohammadi et al,
2022). Moreover, because broilers are raised primarily
for meat production, growth performance and carcass
quality remain key economic traits (Tavarez et al., 2016).
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Beyond nutrition, factors such as management, genetics,
and post-slaughter handling also play essential roles in
determining meat quality in broilers (Mir ef al., 2017).
Trace minerals are critical for normal physiological
and metabolic function in chickens (Byme & Murphy,
2022). Inorganic trace minerals are less digestible than
their organic and chelated counterparts, despite their
extensive use (Lee & Kim, 2025). Therefore, to improve
the absorption of trace minerals, the chelated form is
preferred (Broom et al, 2021). Different trace minerals,
such as manganese (Mn) and zinc (Zn), have been stud-
ied to assess their effects on broiler chickens. Manganese
supports metabolism, collagen synthesis, and anti-
oxidant defenses, helping to prevent leg deformities
and improve bone health (Olgun, 2017; de Carvalho ef
al., 2021). On the other hand, zinc (Zn) plays a crudal
role in the metabolism of energy, proteins, nucleic acids,
and carbohydrates (Faghih-Mohammadi et al., 2022). Its
positive effects on growth performance are well estab-
lished, and it is also involved in the regulation of key
hormones such as glucagon, insulin, and sex hormones
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(Abd El-Hack et al., 2018). Moreover, Zn has been shown
to enhance immune function, increase daily weight gain,
and improve feed utilization efficiency in broiler chick-
ens (Hidayat et al., 2021). When combined with man-
ganese in organic chelated forms, these trace minerals
further improve growth performance and carcass yield
compared with their inorganic counterparts (Nguyen
et al., 2025). Meanwhile, Pacheco et al. (2021) found that
during the second week of production, chelated Zn and
Mn considerably increased broiler body weight and feed
conversion ratio. Additionally, recent research indicates
that supplementing these minerals in broiler diets im-
proves intestinal health (Bortoluzzi et al., 2020; Franklin
etal., 2022).

Vitamins, both fat-soluble and water-soluble
vitamins, are vital to broilers’ metabolic processes.
As a fatsoluble vitamin, vitamin D is espedally
crucial for controlling the absorption of calcium and
phosphorus, which supports immunological function
and bone mineralization (Setivaningsih ef al., 2023).
On the other hand, by preventing oxidative damage
and boosting immunological responses, vitamin C, a
water-soluble vitamin, aids in cellular repair (Shakeri
et al, 2020). Additiona]]y, Setiyarlingsih et al. (2023)
found that broiler development performance at the
later production stage was strongly impacted by the
combined supplementation of vitamins C and D.
While vitamin C supplementation by itself does not
always enhance growth performance, it is essential for
controlling broiler reactions to different stressors (Yu
et al, 2021). Furthermore, this vitamin is essential for
mitigating the adverse effects of heat stress in broilers
(Attia et al., 2017; Del Barrio et al., 2020; Al-Khalaifah
et al, 2025). Moreover, a diet containing electrolytes,
specifically sodium bicarbonate, reduces mortality
and also mitigates the adverse effects of heat stress in
broilers (Livingston et al., 2022).

Although chelated trace minerals, vitamins, and
electrolytes have individually demonstrated positive
effects on broiler performance, existing studies
have evaluated mainly these nutrients in isolation
or in limited combinations. Moreover, no work has
simultaneously assessed growth performance, carcass
traits, footpad health, and economic outcomes under
tropical conditions. Having said this, the mixtures
of these feed additives had not been explored; thus,
the authors hypothesized that higher inclusion rates
of mineral chelates, vitamins, and electrolytes would
improve broiler performance and provide economic
benefits without detrimental effects on carcass yield or
foot pad health. Hence, the objectives of this study were
to investigate the growth performance, carcass traits,
incidence of footpad dermatitis, and economic efficiency
in broilers fed diets enriched with chelated Zn and Mn,
vitamins C and D, and sodium bicarbonate.

MATERIALS AND METHODS
Ethical Approval

The study was conducted at the Poultry Project,
University of Southern Mindanao, Kabacan, Cotabato,

Philippines. All handling protocols and ethical
procedures for broiler chickens in this study were
thoroughly reviewed and approved by the Institutional
Animal Care and Use Committee (IACUC) of the
University of Southern Mindanao under Protocol No.
2024-0055.

Preparation of Experimental Animals

This study utilized 144 male day-old Cobb 500
broiler chicks, each with an average initial weight
of 47.82 grams. All chicks were acquired from a
recognized hatchery in Davao City, where they received
vaccinations against infectious bronchitis and Newcastle
disease. To help reduce transport-related stress, the
chicks were given a 5% sugar solution for three hours
after arriving at the experimental facility (Broiler
Production Committee, 2006).

Each chick was individually weighed to facilitate
proper randomization. For identification, lightweight
safety pins (1.9 cm in length) were used as wing bands,
a method shown to cause minimal distress compared
with conventional identification techniques (Dennis ef
al., 2008). Each pin was fitted with a paper tag bea.rh"[g
a unique identification number (1-144) and secured
with transparent tape. During the banding procedure,
the chick was gently held in one hand, with the head
kept upright and the body fully supported to minimize
handling stress. After stabilizing the wing, the safety
pin was inserted through the wing web from the ventral
side and secured. All chicks were consistently banded
on the same wing, preferably the left wing.

To minimize variation in initial body weight while
preserving randomization, individual chick weights
and corresponding wing-band numbers were recorded
in an Excel spreadsheet. Chicks were then stratified
into upper and lower weight categories. Each replicate
consisted of nine birds, with an equal representation of
heavier and lighter chicks to ensure comparable starting
weights across replicates. After stratification, replicates
were randomly assigned to their respective pens.

Sixteen pens measuring 1.0 x 075 m were
thoroughly cleaned and disintected two weeks prior to
chick placement (Cobb-Vantress, 2021). Each pen was
equipped with a feeder trough, a waterer, and a 25-W
brooder heater. To regulate airflow, a Sakoline burlap
curtain was installed following the method described
by Hidayat et al. (2021), and newspapers were used as
the initial litter material. Brooder bulbs were switched
on four hours before the chicks arrived to stabilize the
brooding temperature. Throughout the study, standard
biosecurity protocols were strictly observed.

Brooding Management

Ambient temperature during the growing pe-
riod was maintained between 28 and 32 °C. Continuous
lighting was provided during the first two weeks to sup-
port early chick growth. After the brooding phase, the
lighting program was adjusted to provide illumination
from 6:00 p.m. to 6:00 a.m., mimicking natural dusk-
dawn conditions. This intermittent lighting schedule
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promoted feed intake during nighttime hours while
allowing adequate rest periods, which are essential for
proper digestion and overall health (Broiler Production
Comumittee, 2006; Hu ef al., 2021).

Feeding Management

Formulated diets were provided throughout the
experiment and were classitied into brooder, starter,
and grower phases. Broiler chicks were ted ad libitum
throughout the study, with clean and potable drinking
water available at all times. The feed ingredients and
nutrient composition of the experimental diets are
presented in Table 1. The experiment was conducted
with four treatment groups, each replicated four
times. There were nine birds per replicate. The dietary
treatments consist of a basal diet without any additives
(T1) and the basal diet supplemented with the feed
additives at three inclusion levels: 0.5 g/kg (T2), 1 g/kg
(T3), and 2 g/kg (T4). These inclusion levels supplied

with 5, 10, and 20 mg/kg of chelated Zn and Mn; 424.5,
849, and 1,698 mg/kg of sodium bicarbonate; 4, 8, and 16
mg/kg of Vitamin C; and up to 325, 650, and 1,300 IU/kg
of Vitamin D, respectively (Table 2).

The formulated basal diet samples (1 kg each) were
submitted to Lipa Quality Control Center Inc. (LQCCI,
2025) for analysis. The proximate analysis of poultry
feeds was conducted according to the official methods
recommended by the Association of Official Analytical
Chemists (AOAC, 2016) to determine crude protein,
crude fiber, crude fat, moisture, and ash content (Table

1).
Health Care and Sanitation

Strict  biosecurity —measures were followed
throughout the study. Poultry pens were cleaned daily,
with newspapers used as bedding during the first week
and replaced each day. From day 10 onward, sanitized
rice hulls replaced newspapers and were changed every

Table 1. Composition and nutrient profile of the basal diet formulated for booster, starter, and grower phases (in 100 kg diet) for

broiler chickens
Booster Starter Grower

Feedstult (1-10 days old) (11-20 days old) (21-30 days old)
Com (%) 57.87 59.17 62.74
L-Lysine (%) 0.3 0.25 0.3
L Threonine (%) 02 01 0.18
DL Methionine (%) 04 0.35 0.35
US soya HP (%) 3H 33 29
Coco Oil (%) 15 3 35
Salt (%) 0.35 0.35 0.35
MDCP (%) 24 15 1.5
Limestone (%) 1.15 14 12
Toxin binder (%) 0.2 0.2 0.2
Choline 60% (%) 02 02 02
Vitamin concentrate premix (%) 0.03 0.03 0.03
Mineral premix (%) 0.1 0.15 0.15
Calcium formate (%) 0.3 03 0.3
Nutrient analysis*

ME (kcal/kg) 2952.586 30601.944 3129.636

Moisture (%) 12.31 1225 11.43

Ash (%) 6.55 05.13 05.27

Crude protein (%) 222 20.86 2040

Crude fiber (%) 234 02.81 02.37

Crude fat (%) 3.08 04.38 05.98

Nitrogen Free Extract (%) 53.50 5457 54.55

INote: *Obtained from a laboratory analysis of samples submitted to Lipa Quality Control Center Inc. (LOQCCI, 2025), except for metabolizable energy

(ME).

Table 2. Composition of Zn and Mn chelates, Vitamins C and D, and NaHCO; mixtures used for broiler chickens

Composition per treatment
Nutrient composition Amount* 05z, fkg" P 1 gﬂfzeg" 3 2 g
Chelated Zine 10 g/kg 5mglkg 10 mg/kg 20 mg/kg
Chelated Manganese 10 g/kg 5mg/kg 10 mg/kg 20 mg/kg
Sodium bicarbonate 849 g/kg 424.5 g/kg 849 g/kg 1.698 g/kg
Vitamin C 8glkg 4mg/kg 8mg/kg 16 mg/kg
Vitamin D, IU/kg < 650,000 up to 325 up to 650 up to 1300

Note: “The compositions were based on the analysis by the Vethealth Corporation. *Obtained by manual computation following the formula: MNutrient/
kg feed = (Inclusion Rate in g/kg) * (INutrient content in gfkg) / 1000000g (McDonald et al., 2011).
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4 days to reduce odors and fly activity. Rice hulls were
chosen due to their availability in the area and the
proven positive effects on reducing ammonia and the
occurrence of footpad dermatitis in broiler ($ahin &
Celen, 2021).

Sampling and Analysis

Body weight (g). The average body weight of the broiler
chickens in each pen was recorded weekly using a
digital scale, with a maximum capadity of 14 kg and a
minimum readability of 2 g.

Weight gain (gfbird). This was determined by taking
the difference between the birds’ final and initial total
weights, then dividing that figure by the number of
birds in each cage, as illustrated in the formula below.
Weight Gain (g/bird) = (Total final body weight — Total
initial body weight) / No. of birds per cage

Average feed intake (g). Feed intake was determined by
accurately recording the amount of teed offered and the
feed remaining for each experimental group. These data
were used to calculate total feed consumption using the
following tormula:

Average feed intake (g/bird) = [Feed offered (g) — Feed
retused (g)] / No. of birds per cage

Feed conversion ratio. Feed conversion ratio (FCR) was
calculated as the ratio of average weekly feed intake
to average weekly weight gain, using the following
formula:

Feed conversion ratio = Average feed intake (g/bird) /
Average weight gain (g/bird)

Carcass Yield and Quality

A total of 32 birds (2 per replication) were selected
to determine the carcass characteristics listed below.
The researchers ensured that the selected birds per
pen were closest to the average weight, as the method
described by Taylor et al. (2021). Before slaughter, all
birds were fasted for 12 hours (Schneider & Gewehr,
2023). By tollowing the procedure described by Faria
et al. (2010), the birds were slaughtered by severing
the carotid artery and the external jugular vein close to
the occipital bone and atlas to facilitate bleeding. After
bleeding, the birds were immersed in a scalding tank

at approximately 60 °C for up to 2 minutes. Manual
defeathering was simultaneously followed.

Carcass weight (g). Carcass weight was obtained after
the removal of the head, neck, feathers, shank, and
visceral parts except the lungs. The weight was obtained
using a digital weighing scale.

Carcass yield percentage. This was calculated using the
following formula (Faria ef al., 2010; Bulkaini et al., 2022):

Carcass percentage = (Carcass weight/Body weight
at slaughter) x 100

Percentage of offal. According to the procedure
described by Bulkaini et al. (2022), offal weight was
measured by weighing the cleaned intestines, liver,
heart, and gizzard. The offal percentage was calculated
by dividing the total offal weight by the bird’s live
weight and multiplying by 100%.

Percentage of edible offal. The weight of edible offal
(foot, neck, and head) was determined by weighing
each part individually. The edible offal percentage was
determined by dividing the total weight of these parts
by the bird’s live weight, then multiplying the result by
100 (Bulkaini et al., 2022).

Skin resistance test. At the end of the study, eight birds
from each treatment group were slaughtered. A 1 cm
incision was made between the thigh and back, and its
length was measured with a caliper before scalding and
defeathering. After defeathering, the incision was mea-
sured again, and the increase in length was recorded as
skin tearing (Rossi et al., 2007; Zaghari et al., 2022).

Occurrence of Footpad Dermatitis

Footpad dermatitis was visually assessed at
slaughter in a total of 80 birds (20 birds per treatment)
using the scoring system adapted from the European
Union Reference Centre for Animal Weltare for Poultry
(EURCFAW, 2020). Lesions were scored on a scale from
0to 2, as illustrated in Figure 1.

Cost-Benefit Analysis

The production cost (expressed in Philippine peso,
PHP) was determined by accounting for expenses for

Figure 1. The footpad dermatitis scale was used in the study. The researchers randomly selected these images from
slaughtered broilers. a. scale of 0 (no lesion); b. scale of 1 (mild lesion); c. scale of 2 (mederate to severe

lesion).
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chicks, feed, and tfeed additives (Table 5). The cost was
based on local prices in the Philippines for January
2025, with an exchange rate of 58.39 PHP per US
dollar (Bangko Sentral ng Pilipinas, 2025). The overall
production cost was computed on both a per-bird and
per-kilogram basis for broilers. In addition, the extra
expenses associated with the test ingredients were
incorporated into the cost-benefit analysis following the
method first described by Khatun et al. (2019).

Feed intake (kg/bird) and final weight (kg/bird)
were determined from the average measurements
collected over the 30-day feeding trial. Feed price was
computed based on the composite cost of all feedstutts
used in the formulation. The cost of the feed additives
was incorporated using the actual supplier pricing
provided by Vethealth Corporation. The total feed cost
per kilogram was obtained by adding the basal feed
price and the corresponding treatment cost. Feed cost
per bird was then calculated by multiplying feed intake
by the total feed cost per kilogram.

Production cost included expenses for chicks, feed,
and feed additives. These expenses were summed to
obtain the total cost of production per broiler. The sale
price per broiler was computed by multiplying the
average final liveweight by the prevailing liveweight
price of PHP 150/kg. Moreover, the cost of production
per kilogram was determined by dividing the total
production cost by the average final weight. Profit per
broiler was calculated as: Profit/broiler = Sale price/
broiler — Total cost of production/broiler. On the other
hand, the profit per kilogram liveweight was computed
by dividing the profit per bird by the final weight.
Lastly, to determine the profit PHP/kg (over control),
the profit per kilogram for Treatments 2, 3, and 4 was
compared with that of the control group.

Statistical Data Analysis

Data were analyzed using analysis of variance
(ANOVA) with the Statistical Tool for Agricultural
Research (STAR version 2.0.1) software developed by
the International Rice Research Institute (2022). The
experiment followed a Completely Randomized Design
(CRD), and orthogonal polynomial contrasts (linear and
quadratic) were applied to evaluate treatment trends,
particularly for broiler performance parameters. Mean
differences among treatments were further compared
using Tukey’s Honestly Significant Difference (HSD) test
at the 5% and 1% levels of significance. In addition, the
percent occurrence of footpad dermatitis was analyzed
using the Kruskal-Wallis test at a 5% significance level.

RESULTS

Growth performance of broilers fed diets
supplemented with a mixture of chelated zinc,
manganese, vitamins, and sodium bicarbonate was
assessed using key performance indicators, including
body weight, feed intake, livability, and feed conversion
ratio. To establish baseline values, all birds were
weighed upon arrival on December 6, 2024, and
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subsequent body weight measurements were recorded
weekly up to day 30 to monitor growth patterns
throughout the experimental period.

Body Weight and Weight Gain of Broiler Chickens (g)

During the early growth phase (1-21 days), body
weight (BW) and weight gain (WG) showed a signiticant
linear response (p<0.05), with broilers receiving
Treatment 4 (2 g/kg) exhibiting greater body weights.
Nevertheless, neither the latter growth phase (22-30
days) nor the entire study period (1-30 days) showed
any significant changes (p>0.05) (Table 3).

Feed Intake of Broiler Chicken (g)

Feed intake (FI) was monitored daily by recording
the amount of feed offered and refused. A highly
significant linear effect (p<0.01) was observed during
days 8-14, indicating increased feed consumption as
the levels of Zn and Mn chelates, vitamins C and D,
and NaHCO; supplementation increased (Table 3).
In addition, a significant linear response (p<(0.05) was
detected over the entire 30-day experimental period.
During the second week, broilers in Treatment 4
consumed significantly more feed (p<0.05) than those in
the other treatments, with a mean intake of 433.19 g.

Feed Conversion Ratio (FCR)

Feed conversion ratio (FCR) exhibited a significant
linear response (p<0.05) during the 1-7-day and
15-21-day periods, with the lowest FCR values
observed in broilers supplemented with 2 g/kg of Zn
and Mn chelates, vitamins C and D, and NaHCO; (14),
averaging 1.42 and 0.97, respectively. No significant
effects (p=0.05) were detected outside these periods
(Table 3).

Livability (%)

As presented in Table 3, livability exhibited a
significant linear response (p<0.05) throughout the
experimental period, indicating improved survival with
increasing levels of supplementation.

Carcass Characteristics

The results are summarized in Table 4, which pres-
ents data on carcass weight, dressing percentage, ed-
ible offal percentage, and skin resistance to tearing. No
significant differences (p=0.05) were observed among
treatments for carcass weight, carcass yield, offal per-
centage, or edible offal percentage. Mean offal and ed-
ible offal values were 8.67% and 7.87%, respectively, and
did not vary significantly across treatments. Similarly,
no significant differences (p>0.05) were detected in skin
resistance to tearing (Table 4). These findings indicate
that dietary supplementation with Zn and Mn chelates,
vitamins C and D, and NaHCOj5 did not adversely affect
carcass characteristics in broiler chickens.
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chelates, Vitamins C and D, and NaHCO; mixture
(Figure 2), but no significant difference (p=0.05) was
observed among the treatments. The same significance
levels were observed in mild cases. Results revealed that
supplementation with the said nutrients is comparable
to the control treatment in terms of tootpad health in
broiler chickens.

Cost-Benefit Analysis

Cost-benefit analysis revealed that higher
supplementation at 2 g/kg provided the highest
profitability, achieving a net profit of P117.86 per bird
and P75.07 per kg liveweight. At an exchange rate of
58.39 pesos per US dollar in January 2025, the net profit
per bird is 2.02 US dollars, and 1.29 US dollars per kg
liveweight. Lower supplementation levels (0.5 and 1 g/
kg) tailed to improve profitability compared with the
control, mainly because feed costs increased without
a corresponding increase in final body weight. Thus,
the addition of 2 g of Zn and Mn chelates, Vitamins C
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and D, and NaHCO; mixture per kg was economically
advantageous (Table 5).

DISCUSSION

Chelated minerals are widely recognized tor
their higher bioavailability compared with inorganic
sources, resulting in improved nutrient absorption and
enhanced growth performance (Bhagwat et al, 2021).
Meshreky et al. (2015) further demonstrated that zinc
and manganese supplementation markedly enhanced
both humoral and cell-mediated immune responses,
highlighting the advantages of chelated minerals
over inorganic forms. In the present study, treatment
effects became most evident after the first week of
growth, a period characterized by rapid physiological
development. During this stage, broilers have increased
nutriional demands to support skeletal growth,
immune maturation, and metabolic activity. Zinc plays
a crucial role in bone mineralization and collagen
synthesis (Zhang et al., 2018), and its supplementation

T2+05¢

Treatments

Figure 2. Percent occurrence of footpad dermatitis in broilers fed a diet with a mixture of chelated zinc, manganese, vitamins, and

sodium bicarbonate. Note: [ ] No lesion; [1] Mild; [[] Moderate to severe; & All with lesion. The dietary treatments consist of
a basal diet without any additives (T1) and the basal diet supplemented with the feed additives at three inclusion levels: 0.5 g/kg (T2), 1 g/

kg (T3), and 2 g/kg (T4).

Table 5. Cost-benefit analysis for feeding diets supplemented with chelated zinc and manganese, vitamins, and sodium bicarbonate
in broiler chickens. The cost was based on local prices in the Philippines in January 2025 and expressed in Philippine peso

Varables Treatments
T1 (Control) T2+05g/kg T3+1g/kg T4+2 g/kg

Feed intake (kg/bird) 275 2.78 277 291
Final weight (kg/bird) 146 1.46 145 1.57
Feed price (kg) 26.07 26.14 26.22 26.36
Treatment useda 0.00 0.17 033 0.66
Total feed cost/kg 26.07 26.31 26.55 27.02
Total feed cost/bird 71.69 73.15 73.53 78.64
Chick price (PHP) 39.00 39.00 39.00 39.00
Total cost of production PHP /broiler 110.69 112.15 11253 117.64
Total cost of preduction PHP/kg 75.81 76.81 77.61 7493
Sale price PHP/broiler at 150/kg liveweight 219.00 219.00 217.50 235.50
Profit PHP/broiler 108.31 106.85 104.97 117.86
Profit PHP/kg 74.19 73.19 72.39 75.07
Profit PHP/kg (over control) 0.00 -1.00 -1.79 0.89

Note: * Zn and Mn chelates, Vitamins D and C, and NaHCO; muxture; PHP — Philippmne peso; [ - per; kg — kilogram. The dietary treatments consist
of a basal diet without any additives (T1) and the basal diet supplemented with the feed additives at three inclusion levels: 0.5 gikg (T2), 1 g/kg

(T3), and 2 g/kg (T4).
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Table 3. Growth performance of broiler fed with a mixture of chelated zinc, manganese, vitamins C and D, and sodium bicarbonate

in their diet
Treatments
Tukey's Orthogonal
Variables T1 T2+05gkg T3+1ghkg Td+2gkg SEM HSD Test polynomial contrasts v (%)
(Control) P Values P Value
Linear  Quadratic
1 day of age
W (g) 4748 47.28 47.05 4948 1.66 0.72 0.45 044 6.94
1-7 days of age
BW (g) 135.88 135.02 1368.11 164.15 8.68 0.10 0.04% 0.14 1211
FI(g) 148.89 139.25 137.88 162.08 8.01 0.18 0.30 0.06 10.89
WG(g) 88.39 87.74 91.05 114.66 7.59 0.08 0.03* 0.13 15.89
FCR 171 1.60 1.53 1.42 0.08 0.12 0.02% 0.96 9.98
8-14 days of age
BW(g) 385.64% 390.14> 400.39% 475.15% 2153 0.04* 0.01% 0.13 1043
FI(g) 369.99¢ 374810 391.33> 433.192 11.82 0.01* <0.01** 0.14 6.03
WGi(g) 338.160 342.86° 353.33% 425.66% 20.40 0.03* 0.01% 0.12 1118
FCR 111 1.10 111 1.02 0.03 0.25 0.14 0.30 6.23
15-21 days of age
BW(g) 813.13 837.83 845.50 953.92 37.00 0.08 0.02* 0.28 8.58
Fl(g) 792.06 800.84 802.80 874.14 2817 0.20 0.07* 0.29 6.89
WG(g) 765.65 790.55 798.45 904.44 36.11 0.08 0.02% 0.28 8.86
FCR 1.04 1.01 1.01 0.97 0.02 0.17 0.04% 0.78 435
2230 days of age
BW (g) 1462.97 1464.69 1448.67 1567.82 45.25 0.43 0.22 0.20 5.76
Fl(g) 1440.95 1460.91 1440.24 1431.17 16.19 0.63 0.50 0.39 224
WG(g) 141549 1417.41 1401.67 1518.33 41.79 0.92 0.14 0.19 5.81
FCR 1.03 1.03 1.03 0.94 0.03 0.21 0.11 0.19 6.47
1-30 days of age
FW (g) 146297 1464.69 1448.67 1567.82 42.79 0.08 0.22 0.20 5.76
FI(g) 2751.89 2775.81 277224 2900.59 40.99 0.09 0.03* 023 293
WG(g) 1415.34 1417.04 1401.61 1519.23 41.83 0.22 0.14 0.19 5.81
FCR 1.95 1.96 1.98 191 0.03 0.54 0.46 0.28 3.51
L (%) 91.67 94.44 100.00 100.00 3.10 0.20 0.04* 0.66 6.43

INote: *P-value less than 0.05 is significantly different; Means with the same letter are not significantly different; " means significant (p<0.05) linear effect;
** means hughly significant (p<0.01) linear effect; IW (g) — mutial weight; FW (g) — final weight; BW (g) — body weight; FI (g) — feed intake; WG
(g) — weight gain; g — gram; FCR - feed conversion ratio; L (%) — livability: SEM - standard error of the means; CV — coefficient of variation. The
dietary treatments consist of a basal diet without any additives (T1) and the basal diet supplemented with the feed additives at three inclusion

levels: 0.5 g/kg (T2), 1 glkg (T3), and 2 g/kg (T4).

Table 4. Carcass characteristics of broiler fed with a diet with a mixture of chelated zinc, manganese, vitamins, and sodium bicarbonate

Vasiables Treatments

Tl (Control) T2+05g/kg T3+1ghkg Td+2glkg SEM CV (%) P-value ns
Carcass weight, g 1147.75 1137.00 1069.25 1180.00 56.17 9.90 0.58
Carcass percentage 7457 74.66 73.63 7411 0.35 0.95 0.20
Percentage of offal 9.14 8.20 8.46 8.88 0.50 11.60 0.57
Percentage of edible offal 7.63 7.54 8.00 8.33 0.26 6.51 017
Skin resistance test, cm 1.62 1.50 1.39 1.05 0.19 2742 022

INote: ns — no significant difference (p=0.05); SEM - standard error of the means; g — gram; em — centimeter. The dietary treatments consist of a basal
diet without any additives (T1) and the basal diet supplemented with the feed additives at three inclusion levels: 0.5 g/kg (T2), 1 g/kg (T3), and 2

g/kg (T4).

Footpad Dermatitis Assessment

A total of 80 birds (20 per treatment) were used to
assess the presence of footpad dermatitis using the scale
shown in Figure 1. In the visual assessment conducted,
the percentage of birds with footpad dermatitis (mild

to severe) in each Kruskal-Wallis test revealed no
significant difference (p>0.05) with mean values of 75%
(T1), 75% (T2), 80% (T3), and 85% (T4) in all treatments,
as shown in Figure 2.

For moderate to severe cases, a notably high
incidence was observed in birds fed 1 g of Zn and Mn
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Footpad health is widely recognized as an indicator
of both nutritional adequacy and effective management
practices in broiler production. In the present study, the
footpad condition did not differ significantly among
treatments, indicating that all inclusion levels of the
teed additives produced outcomes comparable to those
ot the control group. This tinding is consistent with the
report of Zhao et al. (2010), who likewise observed no
significant effect of chelated trace minerals on footpad
lesion incidence. However, these results contrast with
those of Chen ef al. (2017), who demonstrated that
higher dietary concentrations of certain trace minerals,
particularly zinc and manganese, enhanced protection
against footpad dermatitis by promoting lesion healing
and reducing severity over time. The discrepancy
between studies may be partly explained by differences
in mineral balance, as the present study did not include
additional trace minerals that may support tissue repair.
Interactions among dietary minerals are complex, and
both antagonistic and synergistic effects can influence
the absorption and utilization of zinc and manganese
(Swiatkiewicz et al, 2017). Elevated levels of certain
nutrients may impair mineral bioavailability, potentially
limiting their effectiveness in supporting lesion healing.
In addition to nutritional factors, litter management
plays a critical role in the development of footpad
dermatitis. In this study, frequent litter replacement
was implemented following the recommendations of
Alabi ef al. (2023), who emphasized that regular litter
management, regardless of litter type, is essential for
minimizing the incidence and severity of footpad lesions
in broilers.

The economics of using Zn and Mn, Vitamin C and
D, and sodium bicarbonate were presented in the cost-
benefit analysis table (Table 5). Results revealed that a
higher inclusion rate of these feed additives in a 2 g/kg
diet provided an economic advantage compared to the
control and other inclusion levels. This treatment has the
highest selling price of 235.50 pesos or 4.03 dollars. The
use of organic trace minerals in microchelated forms has
consistently shown economic advantages (Khatun ef al.,
2019). Although Treatment 4 slightly increased feed cost
per kilogram, the resulting gain in productivity lowered
the overall production cost per kg and vielded the
highest profit per bird (P117.86). This agrees with Levy
(2017), who reported that profitability in broiler systems
rises when biological performance, especially FCR,
growth rate, and survival, improves, as feed accounts
for most production costs.

CONCLUSION

Higher supplementation (2 g/kg) of broiler diets
with a mixture of Zn and Mn chelates, Vitamins C
and D, and NaHCO; led to improved broiler chicken
performance during the early stages of production
It also increased broiler survivability throughout
the production cycle. Additionally, these nutrients
did not negatively affect carcass characteristics or
the occurrence of footpad lesions. Moreover, this
inclusion rate provides an economic benefit to farmers.
Significant linear effects indicate that higher inclusion
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levels offer advantages in growth performance during
early stages, along with economic benefits. Therefore,
we recommend that future studies investigate
supplementation levels beyond 2 g/kg and include
assessments of intestinal morphology to better
understand the physiological mechanisms behind these
responses.
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Similarly, Chand et al. (2014) demonstrated that combined

supplementation of vitamin C and zinc enhanced growth
performance and health status in broilers. Variations
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conditions; in the current study, uniform ventilation
likely reduced heat stress, whereas birds in the study by
Chand et al. (2014) were subjected to heat stress during
the fourth and fifth weeks of production.

Overall, no notable differences in growth
performance parameters, including body weight, weight
gain, and feed conversion ratio, were observed across
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same study noted that zinc supplementation did not
affect the skin's resistance to tearing, suggesting that
while zinc contributes to skin development, other factors
may also influence skin strength and integrity.
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DNAJAT1 in the LT musdcles of bulls and the tendemess of
their meats (Bernard et al., 2007).

Another gene (HSPB1) encoding a 27 kDa heat shock
protein (HSP27) was down-regulated. HSP27 belongs to the
small heat shock protein (hsp20) family. It involves stress
resistance and actin organisation (Bernard et al, 2007).
Guay et al. (1997) demonstrated that the decrease in
HSP27 expression resulted in the formation of actin poly-
mers, hence increasing the durability of actin microfila-
ments. Consequently, reducing its expression may
promote the disarray or breakdown of actin. The observed
down-regulation in T+ muscles may lead to decreased
toughness or increased breakdown of actin microfilaments
with meat ageing, which could explain the higher tender-
ness scores associated with the meat. Indeed, previous
studies have demonstrated that the breakdown of actin
after death plays a role in the tenderisation of pork
(Bernard et al., 2007). HSP27 is a protein that prevents cell
death (apoptosis) by interacting with essential parts of the
cell’s signalling pathway that activate caspases and initiate
apoptosis (Bernard et al., 2007).

Conclusion

However, lairage has greatly enhanced the tenderness of most
meats during transit stress. Ageing affected WBSF, too. Lairage
and transit durations become unnoticeable after three to
seven days of ageing. This study shows that transit and lairage
significantly affected the WBSF value in goats subjected to
transportation. These data also show that 2- and 6-h trip
lengths did not substantially affect the MDA levels or HSP27
expression. However, transportation and lairage showed
increased apoptotic levels in goats’ pre-rigour. The apoptosis
index rose in goats transported for 6 h instead of 2 h. The most
prolonged transit and lairage duration groups had the highest
apoptotic score, indicating a more significant stress reaction.
The absence of MDA and HSP27 responses and elevation of
apoptosis show that apoptosis detection is a more accurate
stress indicator than oxidative stress and HSP27 expression.
The findings showed that the meat apoptosis index can be
utilised to develop a new stress assessment method after the
animal is slaughtered.
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Intramuscular fat plays a crucial role in determining the
tenderness of meat. However, goat meat generally has very
little or no marbling. Therefore, our research did not focus
on the intramuscular fat content of goat meat, as this factor
is insignificant. In addition, goats have minimal amounts of
subcutaneous fat, unlike beef and lamb. According to
McMillin and Brock (2005), health-conscious consumers pre-
fer goat meat because it contains less fat and has a healthier
composition of fatty acids than beef and lamb. Furthermore,
goat carcasses commonly experience cold shortening
because they lack enough fat under the skin and have
smaller carcass sizes (Gadiyaram et al., 2008). The tenderness
of meat development can be affected by sarcomere short-
ening and reduced proteolytic activity, which occurs due to
similar postmortem circumstances.

Heat shock protein-27

In the current study, it was observed that no difference was
detected in the level of HSP27 between treatment groups
throughout the ageing days. However, a study on goats after
transport showed an increased HSP27 expression in goats’
parenchymatous organs (Hu et al, 2020). These differences
showed the different levels of responsiveness of various
organs to stressors, in which the parenchymatous organs
were observed to be more sensitive to stress than muscle.
The low expression of HSP27 in muscle could likely be due
to the muscle not being vulnerable to transportation stress.
It could also be postulated that goats in this study did not
experience heat stress because of the environmental condi-
tions since they were provided shade during transport and
lairage. According to a report by Salama et al. (2014), goats
have the physiological ability to be resilient to heat stress.
The variation in muscle contractile and metabolic properties
and the HSP27 volume also contribute to the difference in
HSP27 expression (Terlouw et al., 2021). Although insignif-
icant, there was a decreasing trend of the HSP27 concentra-
tion throughout the ageing days. The current findings
reported are consistent with those of other studies that
found a decreasing trend of the concentration of HSP27
throughout the ageing days, which could be due to the
limited time point of the protective effect of small-HSP
before rigour mortis (Huang et al, 2016; Lomiwes, Farouk,
et al, 2014). These findings would explain the depletion of
the HSP27 in the muscle tissue from the day of slaughter
(DO0) until day 7 (D7) on postmortem days.

Apoptosis

The apoptosis index is the percentage of apoptotic cells over
the total number of nucleated cell counts. The higher the
inclex, the more cells had gone through apoptosis, possibly
due to stress - the apoptosis index of LTL muscles from the
2-h transported goats decreased as the lairage time
increased. In the 6-h transported goats, the apoptosis
index fluctuated from high at 3 h of lairage, decreased at
6 h, and increased again after overnight lairage. These find-
ings show that more than 3 h of lairage was needed in the
TS2 goats, while longer lairage and 6 h were required by the
TS6 goats for the cells to return to their normal condition.
However, excessively lengthy lairage duration has been
shown to impose another stress set on the goats. The low
level of oxidative stress in goats’ cells did not trigger the

overexpression of HSP27 in the muscle tissues after trans-
portation and lairage. At the same time, stress at slaughter
could likely contribute to the muscle tissue’s high apoptotic
index on the day of slaughter (D0). Overall, the effect of
stress can be seen in the increased level of apoptosis, espe-
cially when goats did not have sufficient rest or were put in
a lengthy lairage.

The relationship between lipid peroxidation, HSP27
expression, and the duration of transportation, lairage,
and ageing with meat tenderness was evaluated in the
current study. Results obtained from this study found that
transportation, lairage duration, and length of the ageing
days profoundly affected meat tenderness. According to
Ferguson and Warner (2008), animals with less stress pro-
duced more tender meat than highly stressed animals. In
this study, animals transported for a longer duration
required longer lairage time to recover; thus, insufficient
recovery time produced tougher meat. Twelve-hour lairage
has a significant impact on improving meat tenderness
after both transport durations. There are several explana-
tions for this result. First, meat tenderness from the 12h
lairage animals at DO might be attributable to feed and
water deprivation.

Similarly, lambs’ meat was more tender after being sub-
jected to one day of fasting rather than not fasting or being
put in a more extended fasting period (llian et al, 2001).
Liquid loss in cooked meat would produce dry and tougher
meat, increasing the WBSF values. According to a study by
Devine et al. (2006), following preslaughter handling and on-
farm stress, animals should be allowed sufficient lairage time
to enable the animals to restore their muscle glycogen con-
tent, lowering the WBSF values and producing more tender
meat. It was observed that meat tenderness was not influ-
enced by the concentration of HSP27 in the muscle tissue.
The protective effect of the HSP27 in muscle is limited within
the meat's ultimate pH. Since there was a significant increase
in muscle tenderness, it is safe to conclude that the HSP27
did not contribute to the muscle tenderness in this study,
contrary to the previous findings that detected the opposite
relationship between tenderness and HSP27 expression
(Gagaoua et al.,, 2020). This contradictory result may be due
to the differences between the initial HSP27 levels in both
studies.

Goats from all groups showed increased meat tenderness
throughout the ageing days. Similar results were shown in
many studies using various species and breeds (Marino et al.,
2013). There were significant differences between D3 and D7
for both TS2L6 and TS2L12 and no difference between D3
and D7 for the TS6L12 group, possibly due to the proteolysis
process involved, as highlighted by Lana et al. (2015) in their
study. Although some studlies suggested that programmed
cell death (PCD) will induce meat tenderisation (Sierra &
Olivén, 2013), this study found otherwise. The WBSF data
obtained from day 0 showed that the apoptotic rate did not
influence meat tenderness, which may be due to the rapid
cell death rate causing interference with the tenderisation
process of the meat (Garcia-Macia et al., 2014).

A novel hypothesis proposed that apoptosis is the first
stage of meat ageing (Chen et al,, 2005). The anti-apoptotic
activity of DNAJAT may play a role in inhibiting cellular
apoptosis during the process of muscle-to-meat conversion,
hence reducing meat tenderisation. This observation eluci-
dates the correlation between the expression levels of



days on WBSF values showed that all treatment groups had
the highest WBSF values at day 0 and significantly (p < .05)
differed between the two transport groups and within treat-
ment groups. Similarly, the WBSF values within treatment
groups differ significantly (p<.05) except for TS2L3 and
TS6L12, where no differences (p>.05) were observed on
days 3 and 7. All groups generally had their highest WBSF
values at day 0 and decreased significantly (p >.05), with
ageing days reaching the lowest WBSF values after day 7.

Apoptosis

Figure 1 shows the apoptosis index (%) in the LTL muscle of
goat’s pre-rigour. Results from the analysis show that trans-
port (F (1,12) = 182.72, p=.00) and lairage (F (2,12) =46.9,
p =.00) duration plays a significant role in the apoptosis
rate of the LTL muscle. This study had a significant interaction
between transport and lairage durations (F (2,12) =58.8,
p = .00) for the apoptosis index. The L3 group animals had the
highest within TS2 for apoptosis index. The apoptotic index
(p <.05) decreased significantly in the TS2L6 and TS2L12
groups. Similarly, a significant (p <.05) difference in the apop-
totic index percentage was observed between the TS6 and TS2
groups. The apoptotic index percentages decreased signifi-
cantly (p<.05) in the TS6L6 group compared to the TS6L3
group and increased again in the TS3L12 group, which differ
significantly (p < .05). Additionally, there was a significant
(p < .05) difference between groups across treatments.

Discussion
Lipid peroxidation

According to Montilla et al. (2014); and Wang et al. (2019),
malondialdehyde (MDA) is a byproduct and marker to mea-
sure lipid peroxidation in the muscle. Although previous
findings show that lipid oxidation develops rapidly after
slaughter (Linares et al, 2007), in the current study, a slight
increase was observed, which was not significant post-
transport (2h and 6 h) on day 0, and lairage duration
matched similar to those observed in earlier studies on
lambs (De La Fuente et al, 2010) and calves (Burke et al,
2009). However, this finding is inconsistent with earlier
research, which found that the MDA concentration was
only significant at 12h and 48 h after transportation (Nazifi
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et al, 2009, Piccione et al,, 2013). After postmortem ageing,
on day 1, transportation and lairage duration significantly
impacted MDA concentration. The differences in MDA con-
centration between treatments were only seen on day 1
postmortem, while a significant increase in MDA concentra-
tion within treatment groups was only observed on days 3
and 7 postmortem periods.

On day 1, the TS6L12 goats showed the highest MDA
cohcentration, suggesting that the increase in MDA concen-
tration was only established after more than 18 h from the
beginning of the transportation. The significant difference in
MDA concentration between the TS2L3 and TS6L12 goats
suggests that long transport and excessive lairage duration
are stressful due to feeding, water deprivation, and heat
stress, thus increasing the MDA concentration in muscle
tissues (De La Fuente et al,, 2010). Simultaneously, increased
physical activity during transportation and lairage has been
shown to induce oxidative stress in animals, boosting reac-
tive oxygen species (ROS) production (Altan et al., 2003). On
the other hand, results from the current study showed no
difference in the MDA concentration between treatments as
the ageing days increased. The present findings seem con-
sistent with those of Sabow et al. (2016}, who reported that
MDA concentration increased throughout the ageing days
within each treatment group.

Warner-Bratzler shear force

The examination of Warner-Bratzler shear force (WBSF) is
a method used widely for assessing the tenderness of
meat (Novakovi¢ & Tomasevi¢, 2017). Muscle tenderness
was determined based on the WBSF values. According to
Warner et al. (2022), meat exhibits toughness when it
possesses a high WBSF value, whereas meat tenderness
is associated with a low WBSF value. The findings showed
that WBSF values increased with increasing road transport
distances across ageing days except for TS6L12 on day 0,
which was lower than those obtained from other treat-
ment groups. A report by (Naldurtiker et al., 2022)
observed an increase in WBSF values with increasing
stress, suggesting that the extent of muscle development
(inherent high pH of goats can hinder the activities of
endogenous proteolytic enzymes, which affects the ten-
derising process) corresponds to the length and amount
of stress-induced.
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Figure 1. Apoptosis index (%) (mean £ S.E) of LTL muscles subjected to different lairage, transportation, and ageing days.
2548%alues with different superscripts at the same column are significantly different (P < 0.05).
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Table 1. Effects of preslaughter management on the concentration of malondialdehyde (MDA) of Longissimus et thoracis fumborum (LTL) musdes subjected to

different lairage, transportation, and ageing days.

mg MDA’kg meat

Ageing Days 5213 (n=13) 5216 (n=3) TS2L12 (n=3) 8613 (n=3) TS6L6 (n=3) TS6L12 (n=3) SEM
Do 0.26" 026 0.25* 0.29° 027 0.29° 001
D1 0.21% 0342b% 0.372bx 0.333b% 03620% 0.47%% 003
D3 031y 0.59y 044" 045* 0.45" 0.52% 0.04
D7 0.772 0652 0.7 074 072 0.7 002
SEM 0.13 0.09 0.10 0.10 0.10 0.09

*DValues with different superscripts in the same row are significantly different (p <.05).
***alues with different superscripts in the same column are significantly different (p < .05).

Significant level *p <.05, NS= not signifiant.
T: Treatments; D: Ageing days; SEM: Standard error of the means.

Heat shock protein-27

Table 2 illustrates the result of various transport groups and
lairage durations on the concentration of HSP27, which did
not differ (p >.05) significantly. Furthermore, the concentra-
tion of HSP27 expression from days 0 to 7 indicates
a decreasing trend in all the treatment groups with ageing
days, and no significant (p > .05) differences were observed
for the periods.

Meat toughness

The value of the Warner-Bratzler shear force of the LTL
muscle of goats in each group was measured on various
ageing days, as presented in Table 3. The study demon-
strated a significant (p<.05) transport effect between the
two transportation groups on day 0. Specifically, goats in
T56 had a significantly (p <.05) higher WBSF value than
those in TS2 after being lairaged for 3h or
6 h. Nevertheless, no significant difference was observed
between the TS2 and TS6 goats following the 12-h lairage
(L12), and transport time had an observable impact on goats
from both transport groups on days 1 and 3, following the

L3 and L12. Nonetheless, the outcomes derived from the two
lairage durations exhibit contrasting characteristics. No inter-
action was recorded.

Following L3, the results from the TS6 group showed
a significantly higher (p<.05) WBSF value than the TS2.
Again, after L12, the T52 had a considerably higher WBSF
value than the TS6. No observable differences (p>.05) from
transportation duration on the WBSF value on day 7. Following
lairage, the result in both transportation groups from day 0 had
a significantly (p < .05) higher WBSF value for L3 and L6 and
significantly (p > .05) lower for those at L12 for the same period.
The T52 and TS6 groups showed different trends in the WBSF
value of meat sampled on D1, D3, and D7. On D1, the WBSF
value from TS2 meat was the lowest during L3, increased
significantly (p <.05) differing with L6, and decreased further
L12, which was significantly (p < .05) different from L3 and L6.

Similarly, the WBSF value of the TS6 group on day 1
decreased significantly (p <.05) as the lairage time increased.
On days 3 and 7, the WBSF value for the T52 goat recorded
the highest value at L6, significantly (p <.05) different from
L3 and L12. As for the TS6 group, the WBSF values decreased
as the lairage time increased, which significantly (p <.05)
differ from each other (L3, L6, and L12). The effect of ageing

Table 2. Effects of preslaughter management on heat shock protein 27 (HSP27) expression in Longissimus et Thoracis Lumborum (LTL) muscles subjected to

different lairage, transportation, and ageing days.

HSP27
Ageing Days TS2L3 (n=3) TS2L6 (n=3) T52L12 (n=3) TS6L3 (n=3) TS6L6 (n=3) TS6L12 (n=3) SEM
Do 231 242 246 227 241 22 004
D1 225 237 229 204 222 218 005
D3 218 2.24 2.24 194 2.2 205 0.05
D7 1.87 2.04 1.95 1.81 2.17 181 0.06
SEM 0.10 0.08 0.11 0.10 0.05 0.09

*Pyalues with different superscripts in the same row are significantly different (p <.05).
*Values with different superscripts in the same column are significantly different (p < .05).

Significant level *p <.05, NS= not significant.
T: Treatments; D: Ageing days; SEM: Standard error of the means.

Table 3. Effects of preslaughter management an Wamer-Bratzler shear force (kg/cm?) of longissimus et thoracis lumborum (LTL) muscles subjected to different

lairage, transportation, and ageing days.

Shear Force (kg/cm?

Ageing days TS203 (n=3) TS2L6 (n=3) TS2L12 (n=3) TS6L3 (n=3) 5616 (n=3) TS6L12 (n=3) SEM
Do 17802 1772 1.56%7 1.915% 1.8206W 163 0.05
D1 1.38%¢ 1.67% 15% 15252 14252 1.21% 006
D3 1.135% 1.55% 1165 131 1.26% 1.03%* 0.07
D7 1,072 1319% 1.072% 175 115 1012 0.04
SEM 0.16 0.10 0.12 0.16 0.15 0.14

2P<dyalyes with different superscripts in the same row are significantly different (p <.05).
"*¥2yalues with different superscripts in the same column are significantly different (» < .05).

Significant level *p < .05, NS=not significant.
T: Treatments; D: Ageing days; SEM: Standard error of the means.



determine the shear force, lipid peroxidation, heat shock
protein-27 (HSP27), and apoptotic cells until further analysis.

Determination of lipid peroxidation

About 4 ml of 1.15% KCl solution was added to 1 g of crushed
meat samples. The samples were homogenised using a T18
digital Ultra-Turrax disperser (LK.A, Germany) at medium
speed for 1 min. It was then mixed with 300 pL water, 2 ml
of TBA solution, 165 uL SDS, and 35 pL BHT and heated for
60 min in a 95°C pre-heated water bath (Kumari Ramiah et al,,
2014). The foundation of the thiobarbituric acid reactive sub-
stance (TBARS) assay is the reaction between the thiobarbitu-
ric acid (TBA) with MDA at high temperature to form a pink
MDA-(TBA)2 complex (Lykkesfeldt & Svendsen, 2007; Sochor
et al, 2012). The mixture was then put under running water to
cool it down. A volume of 3 ml of n-butyl alcohol was added to
the mixture, and the substance was later centrifuged at
5000 rpm for 10 min. The butanol layer was separated and
read at 532nm  against n-butyl alcohol using
a spectrophotometer. Standard curves of 1,1,3,3-tetraethoxy-
propane were created, and the TBARS value was calculated
and expressed as mg MDA/kg meat (Kumari Ramiah et al,
2014).

Determination of Warner-Bratzier shear force

A texture analyser (Stable Micro System, Surrey, UK)
equipped with Volodkevich bite jaws was utilised to analyse
the shear force of the meat. Before utilisation, the device
underwent calibration to ensure a weight of 5 kg, while the
blade speed distance was set at a constant value of 10 mm/s.
Before use in this experiment, the samples from the previous
cooking loss measurement were allowed to stand at room
temperature for 3 h. Two cores of 2am x Tcm x 1cm
(length x width x height) of each sample were cut following
the longitudinal orientation of the muscle fibres. The cores
were then sheared once horizontally at the centre using the
texture analyser. The maximum force needed to cut the
meat was recorded as the Warner- Bratzler shear force
value (WBSF). Results were expressed as a load in kg/cm?
(Li et al., 2018; Sabow et al, 2017).

Determination of heat shock protein-27

Meat samples were homogenised in 10 volumes of PBS buffer
of pH 7.4 on ice. Samples were later homogenised using an
Ultra-Turrax homogeniser (LKA., Germany). The homogenates
were centrifuged at 12,000 rpm for 20min at 4°C (Shen et al,,
2009). The clear supernatant was collected and used for HSP27
analysis. The analysis of HSP27 was performed using
a commercially available Caprine Heat Shock Protein 27
(HSP27) ELISA kit (Qayee-Bio, Shanghai, China). The assay starts
with preparing reagents and standards supplied according to
the manufacturer’s instructions. Later, the assay was per-
formed by adding standards and samples to the wells.
Standards and samples were run in duplicates and measured
using a standard microplate reader (450 nm) (Tecan Infinite
M2000, Switzerland). The detection range of the HSP27 assay
was 450 hm. The expression of HSP27 was expressed as U/L.
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Determination of apoptotic index using TUNEL assay

The terminal deoxynucleotidyl transferase dUTP nick end label-
ling (TUNEL) assay technique observed apoptotic cells in the
muscle (Didenko, 2010). A commercial In-Situ Cell Detection Kit
(Roche Molecular Biochemicals, Mannheim, Germany) was uti-
lised for the experiment. The methodology employed in this
study relies on the identification of DNA strand fragmentation
within apoptotic cells. The DNA polymerase and terminal deox-
ynucleotidyl transferase (TdT) were used to label the fragmen-
ted DNA strand. According to Ansari et al. (1993), the tissue slide
preparation was done. First, goat muscle tissues were fixed in
four percent buffered formaldehyde and were later embedded
in paraffin. The tissue was cut to ~5um and mounted on glass
slides. The tissue sections were dewaxed at 60°C for 30 min and
dipped in xylene and ethanol (100%, 95%, 90%, 80%, 70%) for
rehydration. It was then air-dried and deparaffinised. Before
being stained with the TUNEL reaction, the slides were treated
with the permeabilisation solution of Triton x-100 and sodium
citrate and rinsed with PBS solution. The slides were then
incubated for 60 min at 37°C in a dark, humidified chamber.
The TUNEL-positive cells were counted under a 20 x magnifica-
tion fluorescence microscope at the excitation wavelength of
450-500 nm and a detection wavelength of 515-562 (green).
Ten microscopic fields were randomly selected to detect the
TUNEL-positive cells for each slide (Borbely et al., 2012; Li et al,,
2017; Maidana et al, 2015). The determination of apoptosis
index for each sample was calculated based on the following
formula by (Wang et al,, 2011):

Total count of TUNEL — positive cells

x100
Total counted nucleated cells

Apoptosis Index =

Statistical analysis

Statistical analysis was performed using SPSS Statistic 26
software (SPSS Inc, Chicago, IL, US.A). A two-way ANOVA
model was used to examine the interaction between the
transport and lairage duration and its effects on meat ten-
derness and apoptosis rate in goats’ meat. One-way ANOVA
was conducted to analyse the differences between treat-
ment groups when the main effects or interactions were
detected. Duncan’s multiple range test was used to elucidate
the significantly different means. All the values were
expressed as Mean + SE, and the confidence level was 95%.

Results
Lipid peroxidation

Table 1 shows the MDA concentration in the LTL muscle; at day
0, no significant differences (p >.05) were observed between
and within treatment groups. On day 1, significant (p <.05)
differences within and between treatment groups. On days 3
and 7, significant (p <.05) differences between treatments were
seen following ageing. The investigation found statistically sig-
nificant differences between the TS2L3 group (0.21+0.02 mg
MDA/kg meat) and the TS6L12 group (0.47 + 0.11 mg MDA/kg
meat) (p < .05). The concentration of MDA exhibited a significant
rise with the progression of ageing days (p <.05). After one day
of ageing, notable alterations in the concentration of MDA were
observed in the TS2 group. Similarly, the MDA concentration in
the TS6 group showed an elevation after three days of post-
mortem ageing (p < .05).
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meat during the ageing period (Sabow et al., 2017; Scheffler
et al, 2013).

The dark, firm, and dry (DFD) is characterised by a high
ultimate pH and water content. However, the water is firmly
bound, which makes the meat seem dry (Chulayo et al,
2016; Loudon et al, 2018). The determination of meat ten-
derness relied on the meat trait and the biochemical process
during the pre-slaughter, slaughter, and post-slaughter pro-
cess, together with the storage methods (Guillemin et al,
2012). Typically, the meat will be kept for the ageing process,
a procedure meant to improve meat tenderness (Marino
et al, 2013).

Scientists have addressed cellular stress response in the
last decade as part of animals’ stress indicators (Hu et al,
2016). Another gene (HSPB1) encoding a 27 kDa heat shock
protein (HSP27) was down-regulated. HSP27 belongs to the
small heat shock protein (hsp20) family. It involves stress
resistance and actin organisation (Bernard et al, 2007).
Guay et al. (1997) demonstrated that the decrease in
HSP27 expression resulted in the formation of actin poly-
mers, hence increasing the durability of actin microfilaments.

Consequently, reducing its expression may promote the
disarray or breakdown of actin. The observed down-
regulation of troponin-T in muscles may lead to decreased
toughness or increased breakdown of actin microfilaments
with meat ageing, which could explain the higher tender-
ness scores associated with the meat. According to Lomiwes,
Lomiwes, Hurst, et al. (2014), HSP expression may be
induced in muscle cells in response to environmental stress,
physiological circumstances, or animal slaughtering. HSP27
and other heat shock proteins (HSPs) can attach to and
safequard myofibrillar proteins from being broken down by
calpain, thereby stabilising proteins that have undergone
denaturation. Additionally, HSPs act as competitive inhibi-
tors of the proteolytic enzymes.

There is a growing interest in linking oxidative stress
changes and the expression of HSP27 with the rate of apop-
tosis and how they relate to meat quality, especially meat
tenderness in goat meat. This study utilised the apoptosis
rate in meat as a stress parameter to detect the effect of
preslaughter management in goats.

Therefore, this study’s objective was to investigate the
oxidative stress level through the malondialdehyde (MDA)
concentration, HSP27 expression, and the potential biomar-
kers of apoptotic index in the Longissimus thoracis et lum-
borum (LTL) and how they can be related to the preslaughter
management associated with meat tenderness in goats’ sub-
jected to different transport durations and lairage time in
a tropical climate.

Materials and methods

The research protocol was approved by the Institutional
Animal Care and Use Committee (IACUC) of the Universiti
Putra Malaysia (approval no: AUP: R042/2017).

Experimental conditions, animals, and treatments

Due to its proximity to the equator, Malaysia experiences
consistent and abundant sunlight throughout the year,
accompanied by ample rainfall. The experiment was carried
out during February and March. Throughout the testing
period, the weather fluctuated between intense heat and

rainfall. The mean temperature was 32.25 +1.07°C (Mean %
SE), with the max recorded as 34.03 + 1.06°C, and the mean
relative humidity was 72.63 +3.79% (Mean +SE), with the
max recorded as 84.35+3.52%. Eighteen male Boer
crossbred goats aged 6-8 months were sourced from
a commercial farm in Selangor, Malaysia. Goats were
grouped based on the two transport durations (n=09),
which were the 2 h (TS2) and 6 h (TS6), and three distinct
lairage periods (L3 = 3 h, L6 = 6 h, and L=12 h) for each
transport duration. The test power based on the transport
duration was determined at (1-beta) of 0.8 (or 80%). The
duration of transport was chosen based on the EU guidelines
(Council Regulation (EC) No 1/2005 of 22 December 2004 on
the Protection of Animals during Transport and Related
Operations and Amending Directives 64/432/EEC and 93/
119/EC  and Regulation (EC) No 1255/97, 2005},
a 6-h transport was chosen to define a short transport dura-
tion. Simultaneously, the 2-h journey was selected to repre-
sent the ultrashort transport duration since no significant
temperature and relative humidity changes existed. Both
durations are in line with Malaysia’s geographical and envir-
onmental conditions.

Transportation, lairage, and slaughter procedure

All goats were subjected to the same handling procedure
and personnel during transportation, starting from the farm
until reaching the research abattoir. All goats in each trans-
portation group were transported at once on a flatbed lorry
from the farm to the Research Abattoir of the Animal Science
Department, Faculty of Agriculture, Universiti Putra Malaysia
(2°58'59.0" N 101° 44'06.4" E). The space allowance for goats
on the lorry adheres to the guidelines determined by the EU
guidelines. According to the guidelines, a goat of less than
35kg requires space between 0.20 and 0.30 m*/animal.
Goats were transported at about 8 a.m. The animals from
the TS2 transportation group arrived at about 10 a.m. at the
abattoir, while goats in the TS6 transport group arrived at 2
p.m. The transportation truck had a canvas roof and
a wooden truck bed. Animals were transported on a flat
surface road with an average 50 km/h speed. A sudden brak-
ing style was avoided to prevent animals from unnecessary
stress caused by reckless driving. During transportation, no
feed or water was given. The loading and unloading process
was done cautiously to reduce the stress caused by rough
handling. Goats were kept in lairage in a roofed holding area
with natural light, a concrete floor, and a solid fence beside
the slaughter area. Water was made available throughout
the time in lairage. However, no feed was given to minimise
gut contamination during slaughter. All goats were slaugh-
tered at the end of each lairage period according to the
Malaysia Standard MS 1500:2009 (Halal Food: Production,
preparation, handling, and storage- General Guidelines).
Efforts have been made to lessen the stress experienced
by the goat during the slaughter process. The slaughter area
was cleaned after every slaughter process before the next
animal was brought in. Goats were dressed soon after exsan-
guination. Muscles were trimmed to remove any fat and
connective tissue. The LTL muscle was cut immediately
within 15 min post-slaughter upon completing the carcass
dressing, divided, vacuum packed, labelled as day 0 (D0 pre-
rigour samples), and subsequently stored in a chiller to
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ABSTRACT

This study examines how preslaughter management affects Warner-Bratzler shear force, oxidative
stress, heat shock protein 27, and apoptosis index in goats in tropical climates of Malaysia. Three
hours (L3), six hours (L6), and twelve hours (L12) of lairage were given to goats before slaughter
following two different road transportation distances, two hours (TS2) and six (TS6) hours, respec-
tively. Increased transit length significantly (p<.05) affects apoptotic index and Warner-Bratzler
shear force (WBSF) in goat meat, with TS6 animals resulting in tougher meat than in TS2 animals.
The impact of stress on meat tenderness decreased significantly (p<.05) after 12 h of lairage —
further, ageing of goat meat for three to seven days diminished transport stress's impact in all
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groups. Transit durations did not affect (p>.05) malondialdehyde (MDA) concentration and HSP27
expression. Transport and lairage duration interacted significantly with the apoptosis index in this
study. In summary, apoptosis detection is a more sensitive stress parameter.

HIGHLIGHTS
Study on goat stress response

® Oxidative stress triggers a cellular stress response in goats.

e HSP27 and apoptosis rate affect meat tenderisation.

e The lairage period, determined based on the transport duration, allowed animals to rest before

slaughter.

® Apoptosis detection is more sensitive than oxidative stress and HSP27 expression.

Introduction

Increasing populations and demand for quality proteins
necessitate the movement of livestock for meat processing
and consumption via different transportation systems and
contribute to pre-slaughter stressors, including handling,
novelty, environmental temperature, journey, and lairage
duration that cannot be underestimated (Diaz et al,, 2014;
Ekiz et al, 2012; Ferguson & Warner, 2008). Lairage resulted
in relaxation and alleviating transportation stress in goats by
lowering cortisol and glucose levels (Bdornez et al., 2009;
Jama et al, 2016; Kannan et al, 2000). However, animals
could not recuperate from transportation stress after insuffi-
cient lairage, while excessive lairage duration predisposed
animals to other stressars, such as feed deprivation or the
novelty of the environment (Vergara et al, 2017; Yalcintan
et al,, 2018). This increased stress has detrimental effects on
the goats’ meat quality, leading to economic losses for farm-
ers (Kannan et al., 2002; Terlouw et al., 2021).

Earlier studies demonstrated that the inadequate oxygen
supply after slaughter would trigger cells to engage in cell
suicide mechanisms (apoptosis) to protect their overall

function and homeostasis. The apoptosis in muscle tissue
started right after slaughter, decreasing after 24 hours and
escalating abruptly on day four (Becila et al,, 2010; Cao et al,,
2010). Thus, it is most important to look at the apoptosis rate
within 24 hours to determine the impact of pre-slaughter
stress on the animals. Apoptosis would cause muscle shrink-
age and expansion in the extracellular space, resulting in
tenderer meat (Garcia-Madcia et al,, 2014; Ouali et al.,, 2006).
Nevertheless, rapid cell deterioration and death will interfere
with meat tenderisation.

In physically stressed animals, metabolic exhaustion causes
ATP disruption, resulting in increased muscle glycogenolysis
and muscle glycogen depletion (Terlouw et al,, 2021). In live
animals, lactate transportation from the breakdown of glu-
cose to the liver is from the peripheral tissue, which will
eventually be converted back to glucose. However, in dead
animals, lactic acid accumulation will increase the pH of the
muscles, causing the separation of the filaments and con-
traction of muscle fibres and decreasing the ATP supplies
(Lana et al, 2015; Pearce et al., 2011). The decrease in meat
pH was often recorded due to the proteolysis process in
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aspects of meat quality, including WBSF, pH levels,
colour attributes, cooking loss, glycogen content and
MDA levels. Observed alterations in meat can be linked
to distances, livestock densities and high temperatures
encountered during transportation. The colour, cooking
loss and lipid oxidation in animals transported over
long distances are influenced by the distance travelled
and the livestock density. The present research reveals
that the stress caused by transportation impacts the
quality of meat and the well-being of heifers. Therefore,
enhancing animal monitoring and oversight throughout
transportation and when held in lairage is essential. To
minimise the occurrence and regularity of dark, firm
and dry meats, giving animals time to adapt following a
series of events is crucial.
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reported in the current study, could be part of the
multifactor reasons why pH and other parameters
were affected, which is in agreement with the reports
by Loudon et al. (2019), Abubakar et al. (2021) and
Terlouw and Bourguet (2022).

Correspondingly, Abubakar et al. (2021) and Bums
et al. (2019) reported a higher ultimate pH in cattle,
and Lambertini et al. (2006) in rabbits subjected to a
long duration of transportation. Therefore, the findings
indicate that heifers who travelled farther experienced
higher fatigue than those who travelled shorter distan-
ces. Moreover, this phenomenon can be elucidated by
the heightened process of glycogenolysis, which refers
to the metabolic degradation of glycogen into glu-
cose, resulting in elevated pH levels. Moreover, the pH
values of the meat were found to be greater in heifers
transported at high stocking densities than those
transported at medium and low densities. The findings
disagree with Lambertini et al. (2006), who found no
impact of increased stocking density on muscle pH in
steers and rabbits.

The decline in acidity during the ageing process
leads to alterations in the colour of meat, its structure,
sense of taste, and shear force. A reduction in light-
ness values is strongly correlated with a change in pH
and occurs at a pH level of around 6.0. Animals with
low muscle glycogen levels are generally slaughtered
and exhibit dark-coloured meat (Ponnampalam et al.
2017). Furthermore, the findings revealed a significant
difference in the acidity levels (pH) of meat samples
from heifers travelling longer distances compared to
those transported over shorter distances before and
after rigour mortis.

Our study found notable interactions concerning
cooking loss between the distance and stocking dens-
ity components. Cooking loss was significantly affected
by short distances and high stocking density. The pre-
sent results align with the findings of Lambertini et al.
(2006) in rabbits, which demonstrated a decrease in
cooking loss as the transit duration increased. The
increased water loss in beef with a lower final pH may
be attributed to the net charge phenomenon that
occurs when muscle proteins reach their isoelectric
point (Gajana et al. 2013). Therefore, our findings indi-
cate that animals transported over longer distances
experience higher cooking loss.

An absence of observable systemic trajectory or
pattems was detected in the shear force interactions.
In their study, Kadim et al. (2006) discovered that the
meat of goats that had been transported was more
resistant to being chewed compared to goats who
had not been transferred. The pH of the muscle has a

significant and detrimental effect on various qualita-
tive parameters of meat, including colour, water reten-
tion and tenderness (Kadim et al. 2006; Teke et al.
2014).

Early post-mortem meat tenderisation is linked to
the calpain proteolytic system, which is responsible for
myofibrillar proteolysis (Geesink et al. 2000; Ahmed
et al. 2013). The p calpain exhibits optimal action at a
pH of 6.5, and its activity is reduced at lesser pH lev-
els. However, the inhibitory activity of calpastatin is
not significantly affected by pH (Maddock et al. 2005;
Huff-Lonergan and Lonergan 2023). Transportation is a
stressor that decreases meat pH by speeding up lac-
tate formation, making the meat less tender
(Honkavaara et al. 2003).

Flavour deterioration (Faustman et al. 2010), rancid
odour formation (Santé-Lhoutellier et al. 2008), discol-
ouration (Zakrys-Waliwander et al. 2012) and lipid oxi-
dation have been identified as the cause of the
generation of potentially hazardous chemicals in meat.
Cross-linking or polymerisation may result from the
interaction of proteins with other biomolecules under
oxidative conditions.

According to Zhang et al. (2013), lipids become sus-
ceptible to oxidative changes due to the rapid deple-
tion of naturally occurring antioxidants during meat
ageing and storage after slaughter. The substantial
pro-oxidative impact of lipids and proteins can be
ascribed to the dissociation of haem and iron from
myoglobin and haem, respectively (Faustman et al.
2010). Regarding lipid oxidation in lambs transported
by road for brief (30min) or long (5h) durations at
varying stocking densities, De la Fuente et al. (2010),
in their study, found no significant interactions
between transport time and stocking density.

In contrast, the findings observed notable interac-
tions between journey length and livestock densities,
which were significant, with higher livestock density
leading to increased lipid oxidation at longer distan-
ces. One potential reason for the discrepancy between
our results and those reported by De la Fuente et al.
(2010) may be attributed to variations in transporta-
tion duration and livestock density in the two experi-
ments. The current study found that animals subjected
to a higher livestock density had their lipid oxidation
levels elevated, which can be attributable to the
physiological response in stressful situations.

Conclusions

Finally, transportation of heifers by roads in Malaysia’s
hot and humid tropical climate impacted various
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Table 6. The impact of distances and livestock densities on malondialdehyde (MDA) content (mg/kg) of infraspinatus (IF) and

semitendinosus (ST) muscles over post-mortem ageing periods in heifers subjected to road transport in a tropical climate.

MDA, g/kg meat

Treatments Day 0 Day 1 Day 7 Day 14 p Value
Transport distance

450 km 044 + 0.00bz 0.59 + 0.00by 1.19 = 0.01bx 136 + 0.02bw <0001
850km 0.52 + 0.00az 0.63 + 0.00ay 130 + 0.07ax 155 + 0.02aw <0001
p Value <.0001 <.0001 <.0001 <.0001

Stocking density

20‘3'|(gr'm2 044 = 0.00az 0.58 = 0.00cy 119 £ 0.01cx 172 + 382w <.0001
‘l{}(}‘kgr’m1 0.49 + 0.00bz 0.61 + 0.00by 126 + 0.01bx 151 + 0.02bw <.0001
t’:()‘l)kgr'm1 0.51 £ 0.00az 0.63 = 0.00ay 128 £ 0.01ax 1.57 + 0.02aw <0001
p Value <.0001 <.0001 <.0001 <.0001

Muscle type

IF 049 + 0.00az 0.61 £ 0.00ay 124 £ 0.07ax 149 + 0.02aw <0001
ST 047 + 0.00bz 0.61 = 0.00ay 0.124 = 0.01ax 141 + 0.02by <.0001
p Value <.0001 <.0001 <.0001 <.0001

DIS x DES (two-way interaction)

DIS450 x DES200 041 + 0.00ez 0.56 + 0.00ey 1.13 = 007ex 1.18 + 0.01fw <.0001
DIS450 x DES400 045 + 0.00ez 0.59 + 0.00dy 121 = 00%ex 141 + 0.0dw <.0001
DIS450 x DES600 046 = 0.00dz 0.61 = 0.00cy 123 + 0.01dx 1.47 = 0.02cw <.0001
DIS850 = DES200 048 + 0.00cdz 0.60 + 0.00cdy 124 £ 001X 1.36 = 0.0lew <.0001
DIS850 = DES400 0.53 + 0.00bz 0.64 + 0.00by 131 + 0.01bx 161 + 0.02bw <0001
DIS850 x DES600 055 + 0.00az 0.65 + 0.00ay 133 + 007ax 166 + 0.02aw <0001
p Value <.0001 <.0001 <0001 <.0001

DIS x DES x MUYP (three-way interaction)

DIS850 x DES400 x ST 0.55 = 0.00az 0.64 + 0.00by 131 £ 0.01chx 1.65 = 0.03bw <.0001
DIS850 x DES600 x IF 0.55 = 0.00az 0.65 = 0.00ay 132 + 0.02bx 1.65 + 0.03bw <0001
DIS850 x DES800 x ST 0.55 + 0.00az 0.65 + 0.00ay 134 = 0.07ax 1.68 + 0.03aw <0001
p Value 0038 .0038 01359 0042

DIS: distance, DES: density, MUTYP: muscle type, IF: infraspinatus, ST: semitendinosus
At a significance level of p < .05, means in the same row with distinct letters (a—e) differ significantly. At a significance level of p < .05, means in the

same row with distinct letters (w—z) differ significantly.

study, there were notable interactions between vari-
ous lengths of distances and livestock densities on dif-
ferent colour attributes of muscles. The colour values
were adversely impacted, resulting in a darker colour,
as livestock density increased during short- and long-
distance transit. The variations in colour attributes of
muscle seen in this study can be attributable to the
elevated pH values, which are linked to lengthy transit
distances and higher livestock densities.

It is worth noting that meat pH increases as live-
stock density increases. Similar findings of lowered
lightness value in muscles in pigs transported with a
higher stocking density of 251kg/m? than pig muscle
transported with 236kg/m? and 251kg/m’ (Pereira
et al. 2015). Similarly, Kim et al. (2004) found that pigs
at a high density of 031 m?/100kg body weight
decreased the L* value when the animals moved for
longer durations than shorter ones (1h). On the con-
trary, at medium (0.35 m?/100kg body weight) and
low stocking densities (0.39 m?/100 kg body weight),
animals transported longer had higher L* than those
freighted for a shorter time (Kim et al. 2004).

Heifers moved over longer distances had lower
amounts of muscle glycogen than those transported
over shorter distances. Previous studies have found
comparable impacts on muscle glycogen levels in cat-
tle during extended transit periods (Bumns et al. 2019).

Therefore, these findings support previous studies
indicating that the glycogen stores in meat are
exhausted over extended periods of transit due to
muscle’s frequent movement and energy to maintain
the animals’ equilibrium, as opposed to shorter trans-
port distances. The study found that animals subjected
to higher stocking densities had lower glycogen levels
than those in medium and low densities.

Ferguson and Wamer (2008) observe that insuffi-
cient space for farm animals to lie down during trans-
portation amounts to poor welfare and yield of quality
meat. Meeting these demands necessitates more
energy, which affects the concentration of muscle
glycogen and, potentially, the eventual pH. Therefore,
the decreased glycogen levels in cattle exposed to
higher livestock density may be attributable to ele-
vated energy requirements. The development of meat
quality is frequently linked to alterations in the
amount and rate of glycolysis, which can result in an
unfavourable muscle pH (Immonen et al. 2000). As
observed in this study, the pH levels of heifers moved
over long distances were significantly higher than
those transferred over shorter distances.

The decline in glycogen levels could be attributable
to increased physical activity, which forces the animals
to tap from their reserves in tissues to ensure homeo-
stasis. Additionally, lower glycogen levels in muscle, as
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lengths (a prolonged distance of 850 and a short dis-
tance of 450km) and livestock densities are depicted
in Table 5. After post-mortem ageing at 0 days, 1, 7
and 14 days, a two-way significant interaction
(p < .05) was observed between transport lengths of
450km and 850km and at a livestock density of 200,
400 and 600, irrespective of muscle type. Distance
(journey length) affected WBSF values when animals
were subjected to a lengthy travel distance at various
post-mortem ageing periods of 1, 7 and 14 days. On
the other hand, prolonged travel length resulted in
lower WBSF values in animals exposed to a livestock
density of 200kg/m? and lower WBSF values in ani-
mals subjected to a livestock density of 400kg/m2
than those subjected to a higher livestock density.
Nonetheless, lengthy-distance transport increased the
WBSF values in heifers subjected to a high livestock
density. On day 7 of post-mortem ageing, the long-
distance movement was significantly higher (p < .05)
than short-distance. Across all lengths, heifers stocked
at a low livestock density had significantly lower WBSF
values than those at a high livestock density.

Meat lipid oxidation

On days 0 and 7 of post-mortem ageing periods, there
were two- and three-way significant interactions
(p < .05) between various lengths of distances, live-
stock densities and muscle types on meat lipid oxida-
tion in heifers, as shown in Table 6. Livestock density

affected lipid oxidation in animals hauled for shorter
durations than the lengthier one on days 0, 1, 7 and
14 of post-mortem ageing periods. However, lipid oxi-
dation was more significant in animals stocked at
medium and high-density groups than in the low-live-
stock density groups across all distances.

Discussion

Transportation of livestock has been associated with
several factors that may influence the welfare and
quality of meat, including loading, offloading, novelty,
feed and water deprivation, novelty and thermal
extremes. The current findings examine the impacts of
two road-transport distances and three different live-
stock densities on meat’s physicochemical parameters
and lipid oxidation (oxidative stability) in Brahman
cross heifers in hot and humid tropical conditions.
Meat colour attributes, pH, cooking loss, WBSF, glyco-
gen and MDA levels were significantly affected by the
distances and livestock densities throughout various
post-mortem ageing periods. Furthermore, the out-
comes were notably influenced by both the distances
and livestock densities.

Colour is a fundamental perceivable quality attri-
bute that affects meat acceptance and influences aes-
thetic attractiveness and purchasing decisions. A pH
alteration affects biochemical changes, muscle struc-
ture, oxygen diffusion, the redox state of myoglobin,
and meat colour (Ramanathan et al. 2020). In this

Table 5. The impacts of distances and livestock densities on the shear force of infraspinatus (IF) and
semitendinosus (ST) muscles over post-mortem ageing periods in heifers subjected to road transport

in a tropical climate.

Shear force, g

Treatments Day 1 Day 7 Day 14 p Value
Transport distance

450km 1820.89 £ 39.9ax 171030 + 42.1by 1599.47 + 40.3z <.0001
850km 1835.98 + 37 2ax 172954 + 39.1by 1588.19 + 39.0z <.0001
p Value 0955 0483 5201

Stocking density

2()0|':gfn‘|2 171232 = 36.7¢x 163443 = 38.7cy 1528.40 = 38.22 <.0001
400 kg/m? 1837.01 + 38.6bx 1734.14 + 40.6by 1587.35 + 39.2bz <.0001
6()0|‘.’g./‘n11 1935.96 £ 39.4ax 1791.21 = 42.1ay 1665.74 = 42.2az <.0001
p Value <.0001 <0001 <.0001

Muscle type

IF 113852 + 6.6bx 103330 + 6.5by 970.97 + 49bz <.0001
ST 2518.34 + 6.2ax 2406.55 + 5.1ay 2216.68 = 7.1az <.0001
p Value <.0001 <.0001 <.0001

DIS x DES (two-way interaction)

DIS450 x DES200 1720.17 + 38.2dx 1610.72 + 41.5dy 1521.45 + 387 <.0001
DIS450 x DES400 1843.19 + 414X 173471 + 42.1by 1609.25 + 40.6abz <.0001
DIS450 x DES600 1899.30 + 41.1bx 178548 + 43.9ay 1667.70 + 42.6az <.0001
DIS850 < DES200 170448 + 36.1dx 1658.13 = 36.9cy 1535.35 = 38.7@ <.0001
DIS850 x DES400 1830.83 = 36.6¢x 1733.56 + 40.2by 1565.45 + 38.6bcz <.0001
DIS850 x DES600 197262 = 38.7ax 1796.95 = 41.3ay 1663.78 + 43.0az <.0001
p Value <.0001 0173 0385

DIS: distance, DES: density, MUTYP: muscle type, IF: infraspinatus, ST: semitendinosus
At a significance level of p < .05, means in the same row with distinct letters (a—e) differ significantly. At a significance
level of p < .05, means in the same row with distinct letters (w-z) differ significantly.



subjected to a distance of 450km, a density of 600 for
both muscles, a distance of 850km, and a density of
600 for IF and ST in redness. Both transport lengths
and stocking densities were substantially increased
(p < .05). Following the post-mortem at 0 days, 1, 7
and 14 ageing days, heifers exposed to a prolonged
distance had their pH values differing significantly
(p < .05) from those with a shorter distance. Regardless
of transport length and duration, those kept at a low
livestock density had substantially lower pH levels
(p < .05) than their counterparts at medium and high
density across post-mortem periods. Additionally, with
ageing, a high pH was discovered in both muscles
when distance and livestock density increased, indicat-
ing DFD in meat.

Cooking loss

Table 4 shows the cooking loss of IF and semitendino-
sus (ST) muscles in heifers subjected to different dis-
tances and livestock densities at various post-mortem
ages. two-way interactions (p < .05) between trans-
port lengths of 450km and 850km and for livestock
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densities of 200, 400 and 600 were observed irrespect-
ive of muscle type within ageing periods on days 1, 7
and 14. Also observed were significant three-way
interactions between distances, density and muscle
types following ageing in animals subjected to a dis-
tance of 450km, a density of 600 for both muscles, a
distance of 850km, and a density of 200, 400 and 600
for IF and ST for cooking loss. On days 1, 7 and 14
post-mortem, animals stocked at a low and medium
livestock density had significantly lower cooking loss
percentages in both lengths than those at a high live-
stock density. The ageing period showed no signifi-
cant influence on cooking loss in heifers carried over a
long distance (p > .05) compared to those transported
over a short length. Additionally, there was a signifi-
cant difference between meat types across various
ageing periods.

Warner-Bratzler shear force values

Results of the WBSF test on the IF and semitendinosus
(ST) samples at various post-mortem ages in heifers
subjected to road travel over two different journey

Table 4. The impacts of distances and livestock densities (SD) on the cooking loss of infraspinatus (IF) and semite-
ndinosus (ST) muscles over post-mortem ageing periods in heifers subjected to road transport in a tropical

climate.

Cooking loss, 9%
Treatments Day 1 Day 7 Day 14 p Value
Transport distance
450 km 3031 + 0.39bx 2825 + 031by 2523 +0.25bz <.0001
850 km 3152 + 0.26ax 29.54 £ 0.27ay 26.70 = 0.34az <.0001
p Value <.0001 <.0001 <.0001
Stocking density
200 kg/m2 2961 = 0.36cx 27.03 = 0.30cy 2469 £ 0.27cz <.0001
400 kg}m2 31.14 = 0.38bx 29.45 + 0.29by 26.18 + 0.37bz <.0001
600 kg/ml 32.03 = 041ax 30.19 £ 032ay 27.01 = 0.42az <.0001
p Value <.0001 <.0001 <.0001
Musde type
IF 28.72 + 0.18bx 27.15 + 0.19by 2399 + 0.11bz <.0001
ST 33.13 £ 0.18ax 30.62 £ 0.22ay 27.93 £ 0.25az <.0001
p Value <.0001 <.0001 <.0001
DIS x DES (two-way interaction)
DIS450 x DES200 2855 + 0.50ex 26.10 £ 040ey 25.10 = 0.10ez 0072
DIS450 x DES400 31.04 = 0.64cx 28.77 £ 037¢y 2534 +0.42dz <.0001
DIS450 = DES600 3143 £ 0.71ba 29.87 + 045by 26.24 £ 0.55z <.0001
DIS850 x DES200 3067 + 0.39dx 2797 + 034dy 2529 +0.51dz <.0001
DIS850 x DES400 3124 + 0.44chx 30.13 + 041by 27.03 = 0.56bz <.0001
DIS850 = DES600 32,64 = 041ax 3051 + 0452y 27.78 = 0.62az <.0001
p Value <.0001 <.0001 .0390
DIS x DES x MUTYP (three-way interaction)
DIS450 x DES600 x IF 2832 £0.129 2793 + 0.13f 23.89 = 0.1% <.0001
DIS450 x DES600 x ST 3439 + 0.11a 3181+ 0.13b 2860 + 0.17c <.0001
DIS850 x DES200 x IF 29.08 + 0.11f 2648 + 0.07h 23.10 = 0.16h <.0001
DIS850 x DES200 x ST 3226 +031d 2945 = 0.11d 2748 +0.10d <.0001
DIS850 x DES400 x IF 2939 + 0.11f 2834+ 0.11e 2463 + 0.19f <0001
DIS850 = DES400 x ST 33.07 + 0.28c 3192 + 0.06b 2944 +0.12b <.0001
DIS850 x DES600 x IF 30.88 £ 0.18e 2853 £ 0.15e 2510 £ 0.1e <.0001
DIS850 x DES600 x ST 3452 £ 0.11a 3247 £ 0.10a 3047 £0.10a <.0001
p Value 0038 01359 0042 <.0001

DIS: distance, DES: density, MUTYP: muscle type, IF: infraspinatus, ST: semitendinosus
At a significance level of p < 05, means in the same row with distinct letters (a—e) differ significantly. At a significance level of
p < .05, means in the same row with distinct letters (w-z) differ significantly.
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Table 2. The impacts of distances and livestock densities on glycogen content of infraspinatus (IF) and semitendinosus (ST)

muscles over post-mortem ageing periods in heifers subjected to road transport in a tropical climate.

Glycogen
Treatments Day 0 Day 1 Day 7 Day 14 p Value
Transport distance
450 km 1.67 = 0.01bw 1.00 + 0.01bx 0.80 + 0.01by 0.52 + 0.00bz <0001
850km 1.86 + 0.01aw 1.09 + 0.01ax 090 + 0.07ay 0.47 + 0.00az <.0001
p Value <0001 <.0001 <.0001 <.0001
Stocking density
2(}{}kgr‘m2 1.80 = 0.02aw 1.07 £ 0.01ax 0.88 £ 0.01ay 0.52 = 001az <.0001
‘I{}(}‘kgr’m1 1.75 + 0.02bw 1.04 + 001bx 0.85 + 0.01by 0.48 + 0.00bz <.0001
t’;()()kgr‘m2 1.74 + 0.01bw 1.02 £0.01cx 0.82 £ 0.01cy 0.47 £ 0.00cz <0001
p Value <0001 <.0001 <.0001 <.0001
Muscle type
IF 1.74 + 0.01bz 1.03 + 001by 0.84 + 0.01bx 0.48 = 0.00bw <.0001
ST 1.80 = 0.01az 1.05 £ 0.01ay 0.86 £ 0.0%ax 0.50 £ 0.01aw <.0001
p Value <0001 <.0001 <.0001 <.0001
DIS x DES (two-way interaction)
DIS450 x DES200 1.90 + 0.01aw 1.11 = 0.00ax 0.93 + 0.00ay 0.59 + 0.00az <.0001
DIS450 x DES400 1.85 = 0.01bw 1.09 + 0.01bx 091 + 0.00by 0.56 + 0.00bz <.0001
DIS450 x DES600 1.85 + 0.01hw 1.07 £0.01cx 0.87 £ 0.01cy 0.50 £ 0.00cz <.0001
DIS850 x DES200 1.71 £ 0.0Taw 1.03 +£001dx 081 + 0.01dy 0.50 £ 0.00cz <0001
DIS850 = DES400 1.66 + 0.01dw 1.00 = 0.01ex 0.80 + 0.00ey 0.45 + 001dz <0001
DIS850 x DES600 1.64 + 0.07ew 0.98 + 0.01fx 078 + 0.0y 0.45 + 0.00dz <.0001
p Value <.0001 <.0001 <0001 <.0001
DIS x DES x MUTYP (three-way interaction)
DIS850 x DES400 x ST 1.68 = 0.01g 1.01 £0.01h 0.80 £ 0.01g 0.45 £ 0.00g <.0001
DIS850 = DES600 x IF 1.62 + 0.010 0.96 + 0.01j 078 + 0.01h 0.44 = 0.00h <0001
DIS850 x DES600 x ST 1.66 + 0.01h 0.98 + 0.010 0.78 + 0.00h 0.45 + 0.00g <.0001
p Value .0038 0038 .01359 0042

DIS: distance, DES: density, MUTYP: muscle type, IF: infraspinatus, ST: semitendinosus
At a significance level of p < .05, means in the same row with distinct letters (a—e) differ significantly. At a significance level of p < .05, means in the
same row with distinct letters (w—z) differ significantly.

Table 3. The impacts of distances and livestock densities on pH values of infraspinatus (IF) and semitendinosus (ST) muscles over
post-mortem ageing periods in heifers subjected to road transport in a tropical climate.

pH
Treatments Day 0 Day 1 Day 7 Day 14 p Value
Transport distance
450 km 5.98 = 0.01bx 5.45 + 0.01bz 565 +0.01by 644 £ 001bw 0011
850km 6.50 + 0.07ax 5.91 + 0.01ay 645 + 0.01ax 6.70 = 0.0Taw 0044
p Value <.0001 <.0001 <.0001 <.0001
Stocking density
mkg/ml 6.18 = 0.04cx 546 = 0.01z 6.04 = 0.01ay 6.53 = 0.02cw 0136
‘Irf)(}l':gﬂ'm2 6.23 = 0.03bx 5.53 + 0.01by 6.05 + 0.06ax 6.57 + 0.02bw 0022
600kg/m1 6.30 + 0.04ax 5.59 + 0.01az 6.06 + 0.06ay 6.63 + 0.03ax 0048
p Value <.0001 <.0001 .2098 <0001
Muscle type
IF 6.23 = 0.04bx 5.51 = 0.02bz 6.02 + 0.06by 6.53 £ 001bw <0001
ST 6.24 + 0.03ax 5.53 + 0.01az 6.08 + 0.04ay 6.59 + 0.02aw <0001
p Value <.0001 <.0001 <.0001 <0001
DIS x DES (two-way interaction)
DIS450 x DES200 591 + 0.01fx 542 + 0.01dz 560 +0.01dy 641 £ 001fw 0006
DIS450 x DES400 599 = 0.07ex 544 + 0.01dz 5.88 £ 0.01cy 644 £ 001ew 0018
DIS450 x DES600 6.02 + 0.01dx 5.50 = 0.01az 5.88 + 0.03cy 647 £ 001dw <0001
DIS850 x DES200 645 + 0.01cx 5.49 = 0.01cy 6.46 + 0.02bx 6.64 + 0.0Tcw <0001
DIS850 x DES400 648 = 0.01bx 5.61 = 0.01by 644 + 0.01by 6.69 £ 001bw 0079
DIS850 x DES600 6.57 = 0.01ax 5.68 = 0.01az 649 + 0.01ay 6.79 £ 001aw <0001
p Value <.0001 <.0001 <.0001 <.0001
DIS x DES x MUTYP (three-way interaction)
DIS450 x DES600 x IF 6.01 + 0.01g 5.46 + 0.01efg 551 +0.01h 6.46 + 0019 <0001
DIS450 x DES600 = ST 6.03 = 0.01f 5.53 = 0.02d 5.86 + 0.01e 648 £ 001f <.0001
DIS850 x DES200 x IF 647 + 0.01¢ 5.47 + 0.01ef 644 +0.01ch 6.64 +0.01e <.0001
DIS850 x DES200 x ST 642 + 0.01e 5.50 = 0.01e 6.40 +0.01d 663 £001e <0001
DIS850 x DES400 x IF 6.50 + 0.01b 5.67 = 0.01b 646 + 0.01b 6.66 + 001d <0001
DIS850 x DES400 x ST 644 + 0.02d 5.56 = 0.01cd 641 £ 0.03cd 6.72 = 0.04c <0001
DIS850 x DES600 x IF 6.56 = 0.06a 5.76 = 0.01a 641 +0.02cd 6.77 + 0.04b <.0001
DIS850 x DES600 x ST 6.58 + 0.03a 5.58 + 0.01c 657 +0.02a 6.80 +0.02a <.0001
p Value <.0001 <.0001 <.0001 .3863

DIS: distance, DES: density, MUTYP: muscle type, IF: infraspinatus, ST: semitendinoss
At a significance level of p < .05, means in the same row with distinct letters (a—e) differ significantly. At a significance level of p < .05, means in the
same row with distinct letters (w—z) differ significantly.
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Results
Colour attributes

The current study explored the impacts of varying road
transport distances and stocking densities on meat
quality attributes and MDA levels of IF and semitendi-
nosus muscles of Brahman cross heifers in a hot humid
and tropical climate and explains how the welfare of
animals during transportation and meat quality are
linked. The impact of different distances and stocking
densities on the colour attributes in IF m. and semite-
ndinosus (ST) muscle throughout distinct post-mortem
ageing periods is shown in Table 1. Meat colour is one
of the essential organoleptic attributes of meat. Meat
colour defines the choice and acceptability in the eyes
of the consumer. A two-way significant interactions
were observed between distances and livestock density
for lightness (L*) at days 1, 7 and 14 (p < .05) post-
mortem periods of ageing. Distances affected lightness
in heifers on days 1, 7 and 14 post-mortems in both
livestock densities (p < .05). Additionally, there was a
significant interaction three-way that was observed
between distances, density and muscle types following
ageing in animals subjected to a distance of 450km, a
density of 400 for IF muscle, a distance of 850km, and
a density of 600 for IF and ST in lightness.

Heifers hauled for 450km recorded no significant
differences in redness (a*) on days 1, 7 and 14 post-
mortems. On the other hand, no variations were
noticed between days 7 and 14 for those hauled over
850km, except for day 1. Significant interactions were
observed for redness (a*) in heifers kept at a density
of 400, having significantly (p < .05) higher a* values
than their counterparts put at low and high livestock
densities. Also, significant interactions were observed
between distances, density and muscle types following
ageing in animals subjected to a distance of 450km, a
density of 400 for IF muscle, a distance of 850 km, and
a density of 600 for IF and ST in redness. The lower
livestock density group had significantly lower
(p < .05) values than the two other groups in all dis-
tances (450km and 850km). The values of a* were
significantly higher (p < .05) during lengthy journeys
than the short a* values on days 1, 7 and 14. The low
stocking group consistently had significantly (p < .05)
higher a* values than the medium or high stocking
density groups. Neither livestock density nor distances
affected redness on day 14 of post-mortem age-
ing (p > .05).

There were significant interactions (p < .05)
observed between distances, density and muscle types
following ageing in animals subjected to a distance of

450km, a density of 400 for IF muscle, a distance of
850km, and a density of 600 for IF and ST for yellow-
ness (b*). Livestock density affected b* values in
both travel distances across post-mortem ageing. At
one-day post-mortem, hauling heifers for the long-
distance, high and medium stocking density groups
had higher b* values than those hauled for the lower
stocking density. The group with the highest livestock
density exhibited a greater b* value over short distan-
ces on days 7 and 14 post-mortem, in contrast to
those with medium and low livestock density.
Similarly, the high livestock density group had higher
b* values than the medium and low livestock groups
in both lengths of journeys. All groups’ yellowness val-
ues were unaffected by the duration of ageing for
short- and long-distance movements.

Muscle glycogen

Table 2 demonstrates the impacts of the journey
length and livestock densities on the glycogen levels
in the IF m. and supraspinatus (ST) muscles at different
post-mortem ages. Statistically significant interactions
(p < .05) between distances and livestock densities
were observed. Distances, densities and muscle types
significantly interacted on different ageing days. The
impacts of the length of journey travel and livestock
densities on muscle glycogen concentration were sub-
stantially higher, and the significance level differed
(p < 05). Glycogen levels were considerably greater
(p < .05) on days 0, 1, 7 and 14 after post-mortem
ageing in animals that were transported over a longer
distance than those transported over a shorter dis-
tance. The glycogen concentrations of the low live-
stock density group were considerably higher than
those of the medium and high livestock density
groups, regardless of distance (p < .05).

Muscle pH

The impacts of different distances and livestock den-
sities on pH concentrations of the IF and semitendino-
sus (ST) m. at various post-mortem ages are shown in
Table 3. The pH of meat is vital as it affects other
physicochemical parameters, including colour, tender-
ness, flavour and shelfife. The current study’s out-
come revealed the main effects, and the significant
two-way interactions (p < .05) between transport
lengths and livestock densities were observed irre-
spective of muscle type. Also observed were signifi-
cant three-way interactions between distances, density
and muscle types following ageing in animals



Cooking loss

In order to ascertain the cooking loss, the infraspinatus
(IF) m. and semitendinosus (ST) m. were weighed (W1)
and then placed in polyethene bags using a vacuum
packaging method. The samples were heated in a
water bath to a temperature of 80°C. After the sam-
ples attained an internal temperature of 78°C, as
determined using a stabbing temperature probe (HI
145-00 thermometer, HANNA Instruments,
Woonsocket, Rl), the cooking process was extended
for another 10min. Once the cooked samples were
taken out of the water bath and left to cool down to
the room’s temperature, they were carefully dried by
blotting and then weighed again (W2). The subse-
quent equation was employed to compute the pro-
portion of cooking loss:

Cooking loss (%) = [%:l 100

where W1 is the initial weight of the sample before
cooking; W2 is the weight after cooking.

The determination of Warner-Bratzler shear force
values

The shear force of the IF m. and supraspinatus (ST) m.
was measured with a texture analyser (TAHD plus,
Stable Micro System, Godalming, UK) equipped with a
Volodkevich biting jaw. The device was standardised
with a weight of 5000x g, with the blade speed and
distance for height adjusted to 10mm/s (Hayat et al.
2021). The sample was divided into three equal blocks,
each measuring 1cm in height, 1cm in width and
2cm in length, aligned with the muscle fibres. The
Volodkevich biting jaw is used to shear each block
perpendicular to the longitudinal direction of the
fibres. Shear force measurements represent all samples
‘blocks” average peak positive force. The tenderness of
meat is inversely correlated with the levels of shear
stress.

The determination of muscle glycogen content

Segments of the IF and semitendinosus (ST) muscles,
upon collection, were submerged in liquid nitrogen
(Malaysian Oxygen Sdn. Bhd., Melaka, Malaysia).
Subsequently, the collected samples were frozen at
—80°C and stored until further analysis. Muscles from
the IF m. and supraspinatus (ST) m. were manually
crushed in liguid nitrogen until finely ground.
Glycogen content was assessed by adhering to the
manual provided by the manufacturer of the assay
EnzyChrom™ Glycogen Assay Kit (Cat# E2GN-100;
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BioAssays, Hayward, CA) colourimetric instructions. A
graph was plotted using 570 nm as the optical density
standard against the concentration. The concentration
of glycogen in the samples was quantified by employ-
ing the standard curve and applying the formula:

Slope ([ pg/mL)

where Rsample and Rppank are the OD 570 nm values of
the sample and blank (standard 5).

Glycogen concentration =

The determination of malondialdehyde assay

The measurement of meat lipid oxidation was con-
ducted using the marker MDA. After sample collection,
they were immersed in liquid nitrogen to snap freeze
and maintained at —80°C until analysis. The IF m. and
supraspinatus (ST) muscle samples were retrieved from
storage at —80°C and crushed manually in liquid
nitrogen using a crusher and pestle. After adding the
reagents, approximately 1g of pulverised meat
(Wiggen Hauser” D-500, Berlin, Germany) was thor-
oughly mixed. Following the addition of 200 pL of the
generated sample, 350 pL of BHT, 165 pL of thiobarbi-
turic acid and 2mL of deionised water were subse-
quently added. The samples were agitated using a
vortex mixer for 60s, followed by incubation in a
water bath at 95°C for one hour. The samples were
cooled to ambient temperature using a continuous
flow of water. Following the cooling process, 3 mL of
n-butanol was introduced and vigorously mixed for
60 s using a vortex mixer. The samples were centrifu-
gated for 10min at a rotational speed of 5000 x g.
The butanol layer was isolated, and the absorbance at
a wavelength of 532nm was measured compared to
pure butanol.

Statistical and data analysis

The experiment followed a 2 x 3 x 2 (distance x stock-
ing x muscle anatomical location) model. Data were
analysed by three-way analysis of variance (ANOVA)
considering the main effects of two distances, three dif-
ferent stocking densities, and two muscles for heifers
and their interactions. The Statistical Analysis System
version 9.4 (SAS Institute Inc, Cary, NC) was used for
the statistical analysis, utilising the general linear model
(GLM) approach. When statistically significant findings
were observed, the means were compared using
Duncan’s multiple range test. A significance level of
p < .05 was used to determine statistical significance.
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Shah Alam, Selangor, Malaysia, slaughterhouse for
neck cut. Both the exits at the farm and arrivals at the
abattoir were recorded. Animals were transported via
the highway using a 5-ton truck with roof coverings
and a non-slippery floor. Consistency was maintained
in both the driver and the route throughout the
experiment. The heifers were carried exclusively at
night without any breaks for rest or showers and were
not provided with any food during the journey. The
heifers followed the same route within Selangor,
Malaysia, until they reached the desired distance. The
travel duration was utilised to compute the differences
between arrival and departure times. The farm and
other areas in the state have typical daily tempera-
tures ranging from 32 to 35°C during the day to
22-24°C at night during transportation. Based on the
Malaysian Meteorological Department data (Malaysian
Meteorological Department 2024), the experiment
reported a vapour content of 84.1%.

The slaughtering technique

Upon the arrival of the heifers at the abattoir, they
were immediately unloaded at the lairage area. They
remained there for 12 h before their slaughter, during
which they had a free supply of water. Slaughtering
was conducted at the Large-ruminants Animal unit of
the Shah Alam Abattoir Complex; following the lair-
age, they were moved via the raceway to the slaugh-
ter hall, where they were carefully restrained in a
modified Mark 4 box equipped with a chin lift. In
adherence to the Malaysian standards MS1500:2009
(Department of Standards Malaysia 2009), they were
slaughtered following the halal slaughter guidelines.
The operation entailed the severed sections of the
jugular veins, trachea, oesophagus and two carotid
arteries.

The sampling and storage of muscles

Within 15min of post-slaughter, sampling began.
Samples were taken from all 60 animals. Dressed car-
cases were immediately placed in the 4°C cold room
for sampling and ageing. The samples were divided
into two portions. The first portion of infraspinatus (IF)
and semitendinosus (ST) muscle was removed and
snap frozen in liquid nitrogen (Malaysian Oxygen Sdn.
Bhd, Melaka, Malaysia) for glycogen, pH (pre-rigour)
and lipid peroxidation and kept at —80°C until further
analysis. The samples were frozen in liquid nitrogen to
prevent muscle deterioration, especially pre-rigour.
The carcases were stored at 4°C until they were

sampled at three intervals after post-mortem days 1, 7
and 14. The second portion was stored in a stomacher
bag at 4°C to assess colour, WHC, cooking loss and
Warner-Bratzler shear force (WBSF) after 1, 7 and
14 days post-mortem. The sample was collected in a
plastic pill box, immersed in liquid nitrogen, and
stored at —80°C until glycogen, malondialdehyde
(MDA) and pH analysis.

The evaluation of meat quality assessment

Measurement of colour attributes

A Colour Flex Spectrophotometer, manufactured by
Hunter Lab (Reston, VA), was utilised to measure the
colour of meat. The device is based on the
Intemational Commission on lllumination (CIE) Lab col-
our space, which uses L*, a* and b* values. The meas-
urements were taken using the 10° standard observer
and a D56 illuminant. The spectrophotometer pro-
vided tristimulus values (X, Y, Z2) and reflectance data
at specific wavelengths ranging from 400 to 700nm.
The colourimeter underwent calibration using black
and white tiles. Before commencing, samples from fro-
zen IF m. and semitendinosus (ST) m. collected on days
1, 7 and 14 were moved from a freezer at —80°C to a
chiller at 4 °C overnight. The samples, which had been
thawed and were approximately 12mm thick, were
allowed to bloom for 30 min. Subsequently, they were
positioned with the bloomed surface facing down-
wards towards the base of the colour flex cup. Each
sample was measured three times for L* (lightness),
a* (redness) and b* (yellowness) values, and the aver-
age was calculated.

Muscle pH

Segments of the IF and semitendinosus (ST) muscles,
upon collection, were submerged in liquid nitrogen
(Malaysian Oxygen Sdn. Bhd, Melaka, Malaysia).
Subsequently, the collected samples were frozen at
—80°C and stored until further analysis. Muscle sam-
ples from the infraspinatus (IF) m. and semitendinosus
(ST) m. were removed from storage at —80°C. The
samples were manually crushed in liquid nitrogen
using a crushing utensil. Around 0.5g of finely ground
muscle tissue was gathered and blended for 30s in
10 mL of cold deionised water (Wiggen Hauser D-500,
Berlin, Germany). Sodium iodoacetate, a chemical, was
employed to impede the progression of glycolysis by
mainly targeting the enzyme glyceraldehyde 3-phos-
phate dehydrogenase and the synthesis of lactic acid.
A pre-calibrated portable pH metre was used to meas-
ure the indirect pH of the resultant homogenates.



transport and the conditions during transit, such as
loading density, trailer microclimate and handling
quality, are critical factors influencing cattle welfare
(Nielsen et al. 2022). Extended transport times have
been associated with increased weight loss, alterations
in blood composition, and elevated stress indicators
(Masmeijer et al. 2019; Kumar et al. 2023).

Road transport of cattle is one of the major stres-
sors encountered in livestock production. Previous
studies have investigated issues related to the alleviat-
ing stress of cattle during transportation (Van Engen
and Coetzee 2018; Nielsen et al. 2022). Road travel
impacts cattle far beyond welfare issues and the qual-
ity of meat produced. According to Sullivan et al.
(2022), transport stress can cause bruises and influ-
ence the carcase and meat quality by causing shrink-
age pH changes and water losses. Dealing with
various stressors during transportation requires a thor-
ough approach to understanding and reducing nega-
tive consequences (Van Engen and Coetzee 2018).
Nonetheless, there is limited evidence of the change
in distances and livestock densities due to transporta-
tion by road on post-mortem ageing of different
muscles and the oxidative stability of meat from cattle
in tropical settings such as Malaysia.

These animals are frequently hauled by sea and
road to several destinations, such as farms, feedlots
and slaughterhouses. It raises animal welfare concems
due to long voyages and hauling trucks, which cause
muscle tension, bruises and injury in some cases, load-
ing, unloading and finally slaughter.

Thus, extensive scientific evidence is needed to for-
mulate a universal set of guidelines for transporting,
handling and managing livestock, which would alleviate
stress and produce good-quality meat. Nonetheless, evi-
dence of changing distances and stocking densities
during transport is scarce due to the post-mortem age-
ing of different muscles and oxidative stability of beef
from cattle in tropical settings such as Malaysia.

The present study offered unique insights into how
road transportation under high ambient temperature
and high relative humidity conditions affects meat qual-
ity and oxidative stress markers among cattle imported
into wet and humid equatorial regions. The Brahman
cross heifers were originally from subtropical Australia
but had been adapted under Malaysian conditions for
six months. This simulated the usual practice where ani-
mals are sourced from Australia, fattened or grew up
under equatorial conditions before being sold for
slaughter. The insight gathered would complement the
utility of meat quality and welfare markers, data from
other studies in subtropical to temperate regions, such
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as Australia, Southem Europe and many others. The
dearth of data on how these animals responded to
road transport stress in the equatorial regions necessi-
tated the current study it provides valuable data points
to safeguard and better the welfare and meat quality
of cattle imported into equatorial regions.

Therefore, the study examined how distances and
livestock densities during transportation impact the
post-mortem ageing of various muscles, meat quality
and malonaldehyde levels from heifers in a tropical
environment.

Materials and methods
Animal husbandry practices and management

The animals, precisely 60 heifers of Brahman crosses,
were kept at the Animal Research Center of the
Institute of Tropical Agriculture and Food Security,
Universiti Putra Malaysia. The research centre is at
Meridian 101°43'40.7"E and Parallels 2°5906.5"N on
Jalan Maklumat. The animals were kept in enclosed
pens equipped with a concrete floor and PVC roofing,
each accommodating 15 animals. The pens were natur-
ally ventilated. The authorised spatial allocation was
3.5 m? per animal. The animals were provided with live-
stock diets, pellets, straws, unlimited access to drinking
water, and continuous lighting for 24 h. The mean tem-
perature within the house was 33.0 £ 1.36°C daytime
and 23.1 + 1.40°C at night, accompanied by an aver-
age water vapour content of 82.6 = 1.40%.

Livestock, hauling and treatment

There were 60 heifers, Brahman crosses and around
24 months old. They had an average live weight (LW)
of 290.0 + 36.0kg. The heifers were divided into two
groups based on the distance they were transported.
One group consisted of 30 heifers hauled over 450 km
a short distance, while the other consisted of 30 hei-
fers hauled over 850km a long distance. Each transit
distance had three distinct livestock densities of equal
no of animals assigned (n = 10): 600kg/m* (high),
400kg/m? (medium) and 200kg/m? (low). Before the
commencement of the experiment, randomisation was
ensured by utilising a random number assignment.
The heifers were hauled for 9 h (short-distance) or 17 h
(long-distance) before being unloaded at Malaysia’s
Shah Alam Commercial Slaughterhouse Complex
(Kompleks Abatoir Shah Alam Jabatan Perkhidmatan
Veterinar Malaysia, Shah Alam, Malaysia) positioned on
Meridian 101°31'26.8"E and Parallels 3°03'34.9"N, on
Lots 6 and 7, Jalan Utas, 15/7, Seksyen 15, 40200,
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ABSTRACT

Transporting cattle in tropical climates substantially impacts oxidative stability and meat quality
due to increased stress levels. The objective of this research is to assess the impacts of road
transport with two different distances and three stocking densities on meat quality indices and
malondialdehyde (MDA) levels in the infraspinatus (IF) and semitendinosus muscles of Brahman
crossbred heifers in a tropical climate. Sixty Brahman crossbred heifers were exposed to two dif-
ferent road travel distances: 450 and 850 km. Each travel distance was divided into three differ-
ent stocking densities: low density of 200kg/m?, medium density of 400 kg/m? and high density
of 600kg/mZ. The number of animals in each stocking density was kept equal. Following transit,
IF and semitendinosus muscle samples were collected and assessed for meat quality characteris-
tics, including colour attributes, pH, muscle glycogen contents, Warner-Bratzler shear force
(WBSF), cooking loss and lipid oxidation. The findings showed notable impacts of livestock den-
sities and road transport distances on meat quality parameters and MDA levels in Brahman
crossbred heifers’ muscles. Similarly, increased livestock densities resulted in higher levels of
MDA and alterations in meat quality measures than lower densities following both distances of
road transportation. These findings highlight the significance of optimising livestock density and
reducing road transport lengths to maintain the oxidative stability of meat quality in heifers.
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HIGHLIGHTS
Study on cattle responses to stressors associated with road transportation.

« Transport, distances and densities impact colour, cooking loss and lipid oxidation.
e Stress caused by transportation impacts the quality of meat and the well-being of heifers.
e Monitoring throughout transportation and when held in lairage is essential to welfare.

Introduction consumed (www.statista.com), and in 2019, it
imported 38373 beef cattle (Zulkifli et al. 2019;
Abubakar et al. 2021).

Road transport is inevitable in the livestock sector
as it facilitates the movement of animals from farms

to feedlots, markets and slaughterhouses (Navarro

There is a growing demand for beef worldwide, conse-
quently leading to an increase in the movement of
animals to abattoirs for meat production (Greenwood
2021). In addition to trade in beef, live cattle are trans-
ported on a large scale by sea route to importing

countries, followed by land journeys to various desti-
nations such as farms, feedlots and slaughterhouses.
For example, Malaysia imports about 77% of total beef

et al. 2019). However, this process is not without chal-
lenges and consequences related to the well-being of
animals, the quality and health. The duration of
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Simple Summary: A sharp knife of appropriate dimension (blade length) is very important during
halal and kosher slaughtering of animals without stunning for a rapid and clean neck severance. It
improves bleeding and alleviates pain and stress in animals by early onset of unconsciousness. An
efficient bleed-out improves meat quality and food safety. With the ever-increasing demand for halal
and kosher meat due to its awareness, authenticity, nutritive value, and animal welfare compliance,
there is an urgent need to emphasize the role of knife sharpness during slaughter as per the prescribed
religious practices. Other issues such as neck cut positions, blade length of the knife, proper training
of slaughterhouse workers, infrastructure, and constant monitoring of the slaughtering process also
need to be addressed to improve animal welfare and meat quality.

Abstract: Halal and kosher slaughter have given the utmost importance to the sharpness of knives
during the slaughter of animals. A sharp knife of appropriate dimension (blade length) makes
slaughter less painful during neck severance and facilitates desirable bleeding. The role of knife
sharpness has not been given due credit from an animal welfare perspective and is likely ignored by
the people involved in slaughterhouses. A neat, clean, and efficient neck cut by an extremely sharp
knife reduces the pain. It improves the bleeding out, thus making animals unconscious early without
undergoing unnecessary pain and stress. It also helps in improving meat quality and food safety. A
slight incremental improvement in knife sharpness could significantly improve the animal welfare,
productivity, efficiency, and safety of meat plant workers. The present review critically analyzed the
significance of knife sharpness in religious slaughter by reducing stress and pain and improving meat
quality and food safety. The objective quantification of knife sharpness, proper regular training of
slaughterers, and slow slaughter rate are the challenges faced by the meat industry.

Keywords: religious slaughter; knife sharpness; neck cut position; slaughter skill; restraint;
animal welfare
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knowledge of animal sentience, pain, and distress associated with slaughter without
stunning and various ways to alleviate the pain and distress during slaughter. Sufficient
human resources with expertise in slaughter techniques and proper knowledge of religious
values should be employed to reduce the work pressure in slaughterhouses. Alternatively,
the slaughterhouse management may provide a set of sharp knives for slaughtering a
group of animals in a day or a shift depending on usage and need. At a point of slaughter,
more than one slaughterer should be appointed so that when one person is slaughtering,
another will inspect and sharpen the knife and, later, vice versa. The management should
also practice regular interviews/interactions with workers to assess their compassion
and empathy towards animals and the intrinsic value of various guidelines prescribed in
religious slaughter. Whenever needed, they should intervene accordingly.

9. Conclusions

Knife sharpness plays a crucial role in rapid and clean neck severance, alleviating pain
and stress in animals for producing good quality meat following religious practices. With
the ever-increasing demand for halal and kosher meat due to its authenticity, nutritive
value, and animal welfare compliance, it is of utmost importance to emphasize knife
sharpness during slaughter as per the prescribed religious practices. Manufacturing design
of slaughter knives for ergonomics, maintenance, sharpness, and assessment must be
conducted for food safety and animal welfare, as well as for the sensory appeal of meat
such as the palate knives and perceived healthiness.
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than using the desired ones [62]. One survey conducted over ten years duration reported
that over 80% of abattoir workers used an inappropriately sharpened knife [89]. The
slaughterers performing repetitive tasks continuously for hours could also result in the
cutting of the corners of the blades [45]. Using blunt/less sharpened knives has been
associated with lower production and increased injuries due to greater force during meat
cutting [90].

A razor-sharp knife requires lower grip force, cutting time, and cutting moments,
whereas a blunt knife was projected to require 25% more cutting moments and muscu-
loskeletal disorders (MSDs) [91]. Further, Grandin [92] described how using an inade-
quately sharp knife results in a higher force applied by the operator and an increase in
cutting time. Further, a sharp knife is more productive by increasing the cutting speed by
1.5 times [92]. Thus, a small increment in knife sharpness could result in a significant gain
in overall productivity by improving the speed of production and the safety and quality of
the meat.

There is an urgent need to make people aware of the importance of knife sharpness and
the role played by a sharp knife in improving and maintaining high standards, particularly
in religious slaughter without stunning. There should be proper emphasis on regular
training and refresher courses for the personnel involved in this meat production. A study
by Claudon et al. [91] with 196 respondents in France revealed that 42% of the 196 butchers
complained that the blade being used was not sharp enough and only 16% stated having
been trained in sharpening and maintenance of knives. There should be national-level
training programs for livestock handlers, slaughterhouse workers, and staff. The personnel
employed in meat production should have a certificate of competence.

Islam and Judaism have given utmost importance to knife sharpness, but the specific
detailing of the knife is not mentioned for halal slaughter, as that mentioned in kosher
slaughter. Thus, it is recommended to develop proper specifications for the knife used for
halal slaughter [27]. There is a need to make slaughter workers and butchers aware of the
importance of knife sharpness and its crucial role in ensuring the slaughter of animals with
minimal pain. This follows the intrinsic principles of animal welfare prescribed in Islam
and Jewish.

Further, slaughterhouse management should be more concerned with proper facilities
and the gentle handling of animals during slaughter. The butchers/shochet should undergo
regular training or refresher course to update them about the importance of gentle handling,
knife sharpness, and a neat-clean neck cut. This will protect from scotoma (factory blind-
ness) and compassionate fatigue in slaughterers due to a monotonous work profile. There
is a need for regular auditing and inspection of slaughterhouses for proper compliance
with knife sharpness and other factors that affect animal welfare during slaughter.

There is a requirement for proper monitoring of the whole process of kosher and
halal slaughter. Various outcome-based measures or variables should be continuously
monitored to improve the process. The high levels of vocalization (moo or bellow) during
handling and restraint are associated with physiological stress due to aversive conditions
such as excessive pressure from a restraint device, the sharp edge of a restraint sticking
into an animal, or the use of electric goads [93-95]. Cattle undergoing ritual slaughtering
in a Weinberg pen (in which the animal is inverted during slaughtering) were recorded
to spend eight times longer time and have significantly higher cortisol and hematocrit
values as compared to cattle slaughtered conventionally or in an ASPCA (American Society
for Prevention of Cruelty to Animals) pen (in which the animal remains standing during
slaughtering) [26]. Time to collapse, loss of posture, or eye rollback is an important indicator
of animal welfare and should be continuously monitored [88]. The loss of consciousness
should occur within 3040 s after the neck cut [88]. In addition, there is a need for constant
supervision and monitoring of knife sharpness by the slaughterhouse management as
people tend to become sloppy when monitoring and oversight by management are reduced.

The authors believe there should be improved knife sharpening devices, and slaughter
persons should be trained in knife sharpening. The slaughter persons should have basic
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shackled and the neck cut. In mechanically turned restraints, fewer cutting movements
were reported by the authors in the same study. The higher number of cuts directly influ-
ences the pain felt by animals during slaughter. Gregory [85] reported a sudden nociceptor
discharge lasting for 4 s upon throat cut.

Thus, proper training/technical knowledge for gentle handling of animals to handlers,
less stressful restraint devices during immobilization, elimination of distractions, and
appropriate neck cutting with extremely sharp knives would all maintain high animal
welfare standards while producing high-quality meat with fewer instances of petechial
hemorrhages [9,32].

7.3. Restraints and Slaughter Position

Gentle stretching of the neck during neck cutting with proper restraint improves the
quality of the neck cut. The wounds should be left open to alleviate pain and facilitate
bleeding. After the throat cut, the animal should be released from restraint. An inverting-
conscious animal could aggravate the fear and distress in animals as well as the aspiration
of ruminal fluids coupled with compression of internal thoracic organs exerting pressure
and inhibiting respiration [86]. During neck cutting, the neck should be properly within
reach of slaughterers for neck cutting in a swift movement. Velarde et al. [59] also observed
fewer cuts (three cuts) performed during the slaughter of cattle at 90° position on their
sides as compared to higher cuts (five cuts) in cattle slaughtered at 180 position on their
back as well as nine cuts performed in slaughter in the upright position.

During kosher and halal slaughter in Italy, cattle are restrained in the upright position [84].
Stressful restraint causes struggling, thereby masking the behavioral response to neck cuts.
The restraints should not provide excess pressure and avoid jerky movements, which could
make animals exited and agitated, thereby affecting the throat cut and slaughter process.
A calm animal loses consciousness earlier than an agitated animal [83]. Animals should
not be suspended by limbs except for poultry and there must not be any injury inflicted to
restrain animals such as the cutting of tendons [1]. Small ruminants suspended on a shackle
were reported as having significantly higher struggling as compared to manual restraints
on their side [87]. Act of abusive and rough handling such as beating, poking with pointed
sticks, dragging, leg clamping, shackling, and hoisting is also strictly prohibited under
animal welfare and slaughter legislation [9,22].

The restraint equipment used for halal and kosher slaughter should hold the animal
in a comfortable upright position before and during the slaughtering process. The same
standards should be applied if a rotating box is used for restraining the animals [88].
Velarde et al. [59] observed that cattle in halal slaughter without stunning were restrained
by four different methods, namely, by turning the animal at 45°, turning on their side (at
907), turning on their back (180°), and upright positions with modified ASPCA pens. The
authors [59] observed vocalization in fewer cattle in upright restraint boxes as compared to
inverted restraints/turned on their backs. The cattle restrained by turning on their side
lost posture early followed by cattle that were turned 45° and slaughtered in the upright
position, with the longest time to loss of posture recorded in cattle turned on their back [59].

8. Prospects and Challenges

Maintaining the proper level of knife sharpness in modern slaughterhouses with
higher slaughter rates is quite challenging. In the case of religious slaughter, it is required
to slaughter as per the specific requirement of animal handling, knife specification, and
good neck cut as the recommended practice of halal or kosher to make it safe and fit for
eating to that particular community. For maintaining the desirable slaughter line speed,
more infrastructure and human resources are required in religious slaughter. This will
result in increasing the cost of production of meat.

The knife size and sharpness sometimes do not match the prescribed guidelines in
cases of religious slaughter. There are more incidences reported in various slaughterhouses
regarding the use of shorter and poorly sharpened knives during the slaughter of animals



Animals 2023, 13, 1751

110f18

7. Determinants of Knife Sharpness

The overall impact and outcome of the knife sharpness are affected by several factors,
viz., training and expertise of the slaughterers, neck cut position, restraints, and slaughter
position. These factors improve the efficiency of knife sharpness, neat-clean neck cut,
and improve bleeding efficiency, thereby maximizing animal welfare compliance while
alleviating pain and distress.

7.1. Neck Cut Pesition

The neck incision under kosher slaughter is usually done at the position of cervical
vertebra C2-C4. However, if done at C1, there are fewer incidences of false aneurysm
formation, premature blockage of blood loss, and accumulation of blood in the upper
and lower respiratory tract, later associated with unpleasant sensory signals [19]. Neck
cut position is a key determinant in the onset of a false aneurysm [79] usually appearing
between 7-21 s of the neck cut [80]. However, the case of a higher cut (C1) may potentially
result in a cut to the larynx, including the associated bones, which may damage the knife’s
sharpness and result in the rejection of the meat due to non-compliance with religious
practices, particularly in Kosher slaughter [38]. Furthermore, cattle slaughtered with C1
neck cuts produced a different sound than those with the neck cut at C2-C4 [19]. Similarly,
Gibson et al. [81] also noted a lower time to final collapse in anima, reducing suffering,
upon performing a high neck cut. It could be due to the increased branching of carotid
arteries at a higher neck position (above tracheal ring 2), thereby minimizing or preventing
the retraction of carotid arteries within the connective tissue sheath [41,81].

The neck severance at the C1 would further reduce the potential risk of irritation asso-
ciated with blood infusion into the respiratory tract due to the cutting of laryngeal nerves
(transferring signals from the upper respiratory tract) and the vagus nerve (transmitting
signals from the lungs and inferior trachea) [19,82]. In a controlled trial with captive bolt
stunning of cattle, Gregory et al. [80] observed that making a neck cut at the C3 position
had four times higher chances of early arrested blood flow and a 2.5 times higher frequency
of false aneurysm formation compared to neck cutting at the C1 position. Gregory et al. [50]
attributed the benefits of a sharp and clean cut at C1 using a very sharp knife with rapid
blood loss and lower incidences of the formation of the false aneurysm to the following
factors, viz.,

(1) Higher branching of the carotid artery at the C1 position lowers the chances of sealing
all carotid artery branches.

(2) The C1 neck cut needs stretching of the chin, thereby stretching the artery with less
chance of their retraction within the connective tissue.

(3) The presence of less connective tissue at the C1 position.

7.2. Skill and Training of Slaughterers

Under kosher slaughter, it is mandatory for a shochet to undergo rigorous training
and education to obtain a license to slaughter animals. However, such training and skill
requirements are not mandatory in halal slaughter. A trained slaughterer cuts both carotid
arteries and jugular veins more effectively by making a fast swift cut close to the jaw,
thereby ensuring efficient bleeding and early onset of unconsciousness. Grandin [83]
observed a very short collapse time for cattle (5 s) if kosher slaughtered by a good shochet
whereas a collapse time of up to 1 min in the case of a throat cut by a poor shochet. Further,
a proper cut also ensures lower incidences of false aneurysms.

During neck cutting, the average numbers of cutting movements vary with the skill of the
slaughterer and the restraint system used for immobilizing the animal. Cenci-Goga et al. [84]
observed variations in the number of cutting movements between halal and kosher-
shackled and slaughtered sheep due to the difference in the skill of the slaughterers
during neck cutting. The authors [84] in a survey on religious slaughter in Italy ob-
served 25.2 cutting movements for halal-slaughtered cattle in the upright position, 2.9 for
halal-slaughtered sheep shackled and the neck cut, and 1.25 for kosher-slaughtered sheep
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In present-day slaughterhouses with high throughput, it is quite challenging to quan-
tify the sharpness of knives every time. ANAGOY, New Zealand has developed an
instrument called an ANAGO® sharpness tester for the objective of accurate and reliable
assessment of the sharpness of knives as well as to assist in effectively controlling and
improving the sharpness to the desired level. This helps in measuring knife sharpness and
achieving the desired sharpness [76]. The equipment can be applied to ensure sharpness in
slaughterhouses on a large scale. This instrument can also detect the presence of nicks on
the blade.

The ANAGO® sharpness score presents a sharpness profile of the knife from the tip to
the heel based on the relative force required to cut. The sharpness score ranges from 2.0
(42 times as much force required) to 10.0 (no force required while cutting). For measuring
the knife sharpness score, sections of 20 mm blocks in length on the blade are divided from
the tip to the end [76]. A sharpness score of 8.0 could be judged as in the sharp category,
while most of the knives used in commercial slaughterhouses were reported to have an
average of 7.80 [51]. Additionally, to maintain the sharpness level to a score of 8.0 or above,
it is necessary to sharpen the knife by machine after every slaughter. In contrast, manual
sharpening of the knife after every slaughter can achieve a maximum score of 7.80 [51] as
presented in Figure 3.

Figure 3. Knives used for the halal slaughter of cattle. Source: [77]. Copyright permission was
obtained from the Universiti Putra Malaysia.

Figure 4 presents Chalaf used for the kosher slaughter of animals.

Figure 4. Chalaf used for the kosher slaughter of animals. Source: [78]. Copyright permission was
obtained from the figure owner on 19 May 2023.
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It is highly preferable to use a sharp knife with a durable edge. The sharpness of
the blade is determined by several factors, such as the properties of the steel, the relative
movements of the blade and target material, the curvature and edge angle of the blade,
grinding, and finish [74]. A good sharpness condition needs a cutting force of 25 N and a
blunt condition with a 75 N cutting force. Moreover, McGorry et al. [74] concluded that
while a sharp blade finish lowers the force needed for elongated cuts through different
tissues, remarkably, the finish has a comparable effect for shorter cuts through muscle only
as a tendency.

6. Quantifying the Sharpness

The objective quantification of the sharpness of the knife is quite challenging. During
religious slaughter, it is carried out by the slaughterman prior to religious slaughter. It is
also recommended to sharpen the knife and inspect its sharpness before halal or kosher
slaughter by Muslims and Jewish authorities. As sharpness is directly linked with animal
welfare compliance and meat quality, there is, thus, an urgent need to objectively quantify
the sharpness of knives used in religious slaughter. The objective quantification of the
sharpness of the knife is quite challenging. During religious slaughter, it is carried out
by the slaughterman prior to the religious slaughter. Thus, it is quite challenging to
standardize the sharpness measurement under various slaughtering conditions. The current
measurement of knife sharpness is basically done by visual inspection /assessment, which is
very subjective and varies with individual experience, training, and expertise. Commercial
slaughterhouses have very high slaughter rates, so the step of knife sharpness assessment
and maintaining the desired level of knife sharpness could slow down the slaughter rate
and warrants extra labor and capital investment.

The traditional method to test the knife sharpness in slaughterhouses is based on a
paper test under which a piece of paper is held by one corner, and if the knife can cut the
hanging-dangling part of the paper, it is considered to be sharp, and if it fails to do so, then
blunt. A sharp knife (in a dry state) should slice a standard paper (A4 printer paper, 80 g
weight) hanging by one corner. It is a rapid and cost-saving method but can only detect the
sharpness in the center of the knife, leaving untested the other commonly used area of the
knife during slaughter operations [75]. Under kosher slaughter after sharpening and in
between the slaughter of animals, the shochet carefully checks the knife for roughness and
nicks by running his fingernails up and down on the edge of the Chalaf (Figure 2). Keeping
in mind the sharpness of the Chalaf, this should be carried out with the utmost precautions
and after proper training.

Figure 2. Chalaf sharpness test by shochet during kosher slaughter. Source: [60]. Copyright permis-
sion was obtained from the figure owner on 18 May 2023.
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slaughtered with a sharp knife (sharpened with a machine with ANAGO sharpness score of
8.0) [51]. Further, the authors observed a significant increase (p < 0.0001) in catecholamines
(adrenaline), glucose, CK, and LDH post-slaughter in comparison to pre-slaughter in the
commercial sharp knife group as compared to the sharp knife group. Increased LDH
and CK in the blood indicate muscle damage, fatigue, and stress in animals [4,6,64,65].
Similarly, the release of catecholamines (epinephrine /adrenaline and nor-epinephrine /not-
adrenaline) in the blood indicates an initial reaction to stress/fear [17,66].

An electroencephalogram presents the electrical activity of neurons rapidly, accurately,
and objectively [67,68]. These variables are well interrelated with animals” physiological
and biochemical parameters [3]. On analyzing electroencephalogram (EEG) variables, a
significant increase was noted in the median frequency (Fsg) (p < 0.0001) and total power
(Ptot) (p < 0.0001) in the animals slaughtered with the sharp commercial knife as compared
to those slaughtered with the sharp knife [51]. These parameters could be correlated with
pain and stress observed during neck cuts [17,57,69,70]. The significantly increased alpha,
beta, delta, and theta waves in the EEG spectrum in cattle after slaughter increased could be
attributed to use of razor-sharp knives resulting in a mild behavioral response in animals
being non-painful to the animal [38].

A sharp change in the EEG spectrum upon neck cutting is depicted in Figure 1.
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Figure 1. EEG spectrum of cattle pre- and post-slaughter (Note: encircled/red arrow showing the
point of slaughter). Adopted from [3].

5. Mechanical Attributes of the Knife

In general, knife sharpness refers to the design, fitness, and quality of cutting-edge
design and is measured in terms of the forces needed for cutting [71]. Sharpness can be
defined by the level of force exerted by the knife during the cutting of the material [72] or
the area of the cutting edge [73]. The main parameters determining the efficiency of all
cutting operations depend on the durability, thickness, consistency, and speed accomplished
by blades and correlate to the suitable application. In various meat-cutting operations,
professional workers have duly acknowledged that the knife blade’s sharpness affects
the workers’ productivity and the product’s quality [72]. Further, the grip forces and
cutting actions were greater with blunt but workable knife blades vs. recently sharpened
knives [72] with a 20-30% decline in grip force, cutting actions, and time with sharper
contrast with blunter blades.
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Grandin [58] observed that a short knife used in the halal slaughter of cattle indicates that
digging the end of the knife blade into the throat caused intense reaction and pain. Muslim
scholars recommended a sufficient length of knife used in Halal slaughter with a minimum
of 18 cm for cows and 24 ¢cm for buffaloes. Likewise, Velarde et al. [59] observed that the
blade length used for halal slaughter was 29.6 4= 1.79 cm, whereas size and shape were
more uniform for kosher slaughter (approx. 40 cm Chalaf knife). The blade length of knives
used for the halal slaughter of sheep (without stunning) was 22.2 & 1.82 cm and 25 cm in
case of kosher slaughter [59]. Table 1 summarizes the blade length of knives used in halal
and kosher slaughtering.

Table 1. Blade length (approx. cm) of knife used for halal and kosher slaughtering.

Species Halal Slaughter Kosher Slaughter
296 +1.79cm

Sl (Also varies from 18 cm for cow to 24 em for buffalo) 20

Poultry - 135

Sheep 222+ 1.82 254

{Source: [59,50]).

Perfect sharpness and proper height of the knife ensure the severing of all jugular and
carotids with a rapid stroke resulting in a sudden drop of arterial pressure to the brain
and fast and massive blood loss [18]. In a survey of slaughterhouses in Italy regarding
kosher slaughter practices, Bozzo et al. [35] observed the majority of rejection (2.4% of total
samples) due to failure to complywith a pause (Shehiyah) followed by non-compliance to the
pressure (Derasah) and stabbing (Halad) rule. The authors also did not notice any rejection
due to non-compliance to slanting and tearing. This further strengthens the requirement
for sharp knives of the appropriate dimension for kosher slaughter.

In addition, Abd El-Rahim [61] advocated that the minimum length of the sharp
edge of a knife used to slaughter animals should be at least 12 cm. Further elaborating,
Helmut [28] recommended that the knife be constantly sharpened and free from scratches
and faults as it may cause pain by dragging and grasping the tissues during a neck cut.
According to personal observation by Leffert [45], the blades used for religious slaughter in
the USA were of 6-18 inch size with significant variations in the degree of sharpness [45].
This could have affected the variation in the onset of unconsciousness in animals slaugh-
tered by religious methods from 10-60 s [45] in the slaughterhouses visited by the author
in the USA.

The shorter knife takes more time to perform neck cuts as its tip may gouge the
wound and become stuck in the cut, with sawing motion during the cutting procedure.
This would stimulate accessible nerve endings in the skin and at the cut edge of the
skin leading to potential pain perception [19]. There have been reports of using blunt
knives in halal slaughter in various countries [19,62], consequently requiring more pressure
and more attempts during neck incisions, potentially provoking pain. In water buffalo,
in lateral recumbency, neck twisting is impossible due to the horns’ breadth. In such
cases, a blade is inserted into the skin, and after the animal has settled down, the blade is
repositioned in the wound, and several vertical cuts (up to 7-19 cuts) are made, as observed
by Gregory etal. [20]. There is a need for specific legislation, guidelines, and training
programs for handlers to improve the welfare of water buffaloes during slaughter [63].

4.3. Sharpness on Blood Biochemical and Electroencephalogram (EEG)

Imlan et al. [51] evaluated the effect of knife sharpness on stress and pain perfection
in Brahman crossbred steers in terms of blood enzymes, plasma catecholamines, and
electroencephalogram (EEG) changes. The authors reported a significant difference between
the concentration of pre- and post-slaughter glucose, creatine kinase (CK), and lactate
dehydrogenase (LDH) concentration in steers slaughtered with a sharp commercial knife
(ANAGO sharpness score of 7.8) commonly used in slaughterhouses as compared to those
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unconsciousness, thus reducing the pain during the whole process. In addition to this,
it also improves meat quality by reducing petechial hemorrhages. Stressed and excited
animals usually take more time to become unconscious than calm animals, thus not meeting
the higher animal welfare standards [9,32].

To preserve animal welfare, religious slaughter without stunning requires improved
administration. The animal remains conscious during the neck cut, and it will take some
time (varies with species or neck cut) to undergo a state of unconsciousness. Thus, the
animal remains sensitive to pain and stress between this neck cut and unconsciousness. It
was observed that if religious slaughter without stunning was performed with a proper
razor-sharp knife on a calm and rested animal, restrained properly/comfortably, then
animals showed very little (flinch) or no reaction to the neck cut [43]. This reaction/flinch
was noticed even less than an ear tag punch, a metal clanging noise, air hissing, followed by
no further reaction afterwards [43]. Similarly, Barnett et al. [44] also observed mild physical
response to neck cutting in some birds (100 birds) whereas no response was observed in
the majority of birds (592 birds) during kosher slaughter. The authors [44] also observed
the presence of physical response to touching the eye or eyelid in birds up to 5 s after a
neck cut, which disappeared after 15 s of the neck cut. The loss of posture and presence of
involuntary muscular contraction was noticed after 12-15 s of neck cutting and the loss of
40% of total blood within 30 s of neck severance. However, some animal welfare scientists
believe that the pain during religious slaughter could be reduced if religious slaughter
is performed correctly [45]. Further, low behavioral responses after a neck cut may not
necessarily indicate the pain-free status of the animal [45,46].

As blood is an excellent medium for the growth of various microorganisms, maxi-
mum possible drainage is recommended for improving the quality of meat. Further, the
presence of blood in carcasses could also make the appearance of the carcass dark, which
consumers prefer less. Kosherization has also been reported to improve meat quality by
reducing Salmonella and coliform counts [47]. The hemoglobin in the blood is a potent lipid
prooxidant, and efficient bleeding is also recommended to improve the meat’s oxidative
stability. Further slaughter and bleeding methods have been reported to affect meat color
and sensory properties [48,49]. Koshering (slating and washing) also has an effect on meat
quality by significantly reducing shear force and drip loss [50].

4.1. Knife Sharpness on Pain Sensation

Very few studies have evaluated the effect on animal welfare and meat quality associ-
ated with the sharpness of slaughter knives [51]. If restrained properly without pressure
and gently done, cattle were observed to have little or no reaction to the throat cut in three
kosher slaughterhouses [43]. When the blade touched the skin, cattle showed a slight flinch
which was less vigorous than the animals’ reactions to an ear tag, and cattle were observed
to remain calm as the cut proceeded [43]. Further, the wound should be open during the
incision to prevent pain. Further, the knife should be of sufficient length, so that its tip
remains outside the neck during the cut [52].

The presence of nicks on blades is considered to cause irritation while cutting blood
vessels and associated tissues during halal and kosher slaughter. Gibson et al. [16,53-57]
noted that the electroencephalogram spectrum varies with neck cutting and could be
correlated with pain sensation. However, the size of the knife (10 inches) and its machine
sharpening used in the study make it difficult to conclude pain and stress in animals
during religious slaughter, particularly kosher slaughter [34,38]. Further, the short knife
even sharpened on a grindstone used in these studies could cause the tip to gouge the
throat [52].

4.2. Sharpness and Blade Length

Sharp knives need a lower force requirement than blunt knives. This lower brute force
lowers the damage to the meat. Knife sharpness is correlated with the forces produced and
energy needed during the cutting process, the cutting edge, and the cutting surface [39].
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width of the neck of the animal to be slaughtered). It is essential for decreasing stress and
suffering during animal slaughter [33]. The sharpness and size of the knife (Chalaf, also
known as Chalef/Chalof/Chalif), along with the rigorous training and inspection by Jewish
authorities, ensure a proper supply of kosher meat and its production [34].

Kosher slaughter is completed in five phases, viz., selection of animal (cloven hooves
and ability to ruminate as per The New International Version of the Bible 2011, Leviticus
XI), health inspection of the animal, slaughter, inspection (bedika), and cleaning (nikkur)
of meat, and koshering (washing and salting meat for removing blood) [27]. Shechitah
is performed by making a clean incision at the front of the neck and cutting the trachea,
esophagus, carotid arteries, and jugular veins by using a Shechitah knife (Chalaf, derived
from the Hebrew word meaning "to change’) with a Shoche! (authorized slaughter man) as
per fundamental commandment, conveyed via the Oral Law and dating back to the time of
Moses [18].

The Chalaf is designed to have exquisite sharpness and is repeatedly inspected be-
tween animals to avoid imperfections [18]. There are five principles of halachic (tra-
ditional body of Jewish law) during the Shechitah viz. Shehiyah/pause (uninterrupted
incision), Derasah/pressure (no pressing of the blade against the neck), Halad /stabbing
(adequate length of the blade so it does not get covered with wool, feathers, or hide),
Hagramah /slanting (severing neck at the appropriate point for neat, clean, and efficient
incision), and Ikkur /tearing (no tearing of tissues) [18,35]. An animal is deemed unfit if any
problem is found with the knife or the neck cut [36].

Chalaf should be perfectly smooth and razor-sharp without any nicks or serrations
to facilitate the slaughter process as painlessly as possible. It is twice the length of the
neck of the animals going to be slaughtered (poultry: 14-16 cm, sheep and goats: 25 cm,
cattle: 40-45 cm) [37]. Before and after Shechitah, chalaf must be inspected along with
fingernails to ensure compliance with Jewish slaughter regulations during the cut, and any
presence of a nick makes the meat unfit for consumption (terefa/terefal) or rejection [34].
In chicken slaughter, the Chalaf may be inspected following the killing of all animals in a
group and checked for nicks, with the provision that all slaughtered birds are considered
terefuh / rejected if nicks are discovered [38].

Further, detecting a nick is tricky as a trained shochet may detect a nick that generally
goes unnoticed by the trained sharpener [38]. It is mandatory to check the neck of animals
to ensure the absence of any materials that may damage the knife. In case of potential
knife-damaging materials such as dirt, dust, soil, etc., the animal should be washed. This
process during kosher slaughter slows down the slaughtering process in addition to being a
cause of stress. In religious slaughter, washing animals while entering the lairage is widely
followed so that animals will have sufficient time to recover from stress [38]. However,
proper care should be taken in cold climatic conditions, as it may lead to severe cold stress
in animals.

4. Knife Sharpness in Animal Welfare during Slaughter

Sharpness significantly affected the forces generated and energy required during
the cutting process, the cutting-edge durability, and the surface finish [39]. In the USA,
Section 1902 of the Humane Methods of Livestock Slaughter Act of 1978 stipulates religious
slaughter by a method in which “the animal undergoes unconsciousness by the lack of blood to
the brain due to the instantaneous severing of carotid arteries with a sharp instrument and proper
handling in accordance with such slaughter” [40].

The knife design and neck cut process were crucial in preventing the animal from
reacting to the cut, ensuring rapid blood flow [28,41]. The knife’s sharpness and a clean
and uninterrupted cut also influence vasoconstriction, clotting, and ballooning resulting in
carotid occlusion/false aneurysm [42] due to constriction of the caudal end of the severed
carotid arteries. While the sharpness of the knife influences neck cutting, the method of
neck cutting and the number of cuts influence pain perception [19]. A rapid and efficient
cut by a razor-sharp knife is crucial for maximum blood loss and early onset of a state of
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The incision should be instantaneous, with one uniform directional movement, and
achieved without interruptions, uncertainty, or force [28].

Furthermore, the cut must be made from the ventral position of the neck near the
lower jaw and just before the spine [28]. This is following hadith that “the jugular veins and
the carotid arteries (wadaja’an), in addition, to the throat (hulqumt) and the trachea (mari’), but the
vertebral or spinal cord must not be cut.” The head must not be wholly separated from the
remaining body during slaughter.

-
E\
\

0\.

“The knife must be razor sharp and without blemishes and damage. For animals
with normal necks, the slaughter must begin with an incision on the neck just
before the glottis, and for animals with long necks, such as chickens, turkeys,
ostriches, camels, etc., the incision must be before the glottis”.

“

. must be done once only. The slaughtering implements must not be lifted off
the animal during slaughtering. Any lifting is construed as one act of slaughter.
Multiple acts of slaughter on one animal are prohibited”.

Under Halal, acceptable animals and birds are slaughtered with a razor-sharp knife to
have a swift, deep incision cutting the front of the esophagus, trachea, jugular veins, and
carotid arteries [29]. In Halal slaughter, proper emphasis is given to the knife’s sharpness
to facilitate rapid and efficient blood drain and the onset of unconsciousness.

3. The Kosher Perspective of Knife Sharpness

Kosher slaughter/Shechitah /Shechita is the animal slaughter method followed by
the Jewish community derived from a mitzoa (commandment) mentioned in the book of
Deuteronomy 12:21

“And ye shall be men of holy calling unto Me, and ye shall not eat any meat that
is torn in the field” (Exodus XXII:30)

“...thou shall kill of thy herd and of thy flocks, which the Lord hath given thee,
as | have commanded thee...” (Deuteronomy XIL:21). “[...] you may slaughter
animals from the herds and flocks the Lord has given you, as I have commanded
you, and in your towns, you may eat as much of them as you want”.

Rapid blood loss and maximum bleed-out is recommended in Kosher slaughter as

“Only be sure that thou eat not the blood: for the blood is life” (Deuteronomy
12:23)

In Kosher meat production, three factors, viz., permitted animals, strict prohibition
of blood, and mixing meat with milk, are vital considerations [30]. Wild birds and pigs
are considered impure in kosher diets [31]. In Jewish law (Halacha), importance is given
to compliance with animal welfare and avoiding pain and stress during slaughtering (Ha
Levi A. 13th cent, Karo 1563d) [30]. During Shechitah, Jewish law (Halacha) emphasizes the
suitability of a knife (sharpness and size), immobilization of animals, and neck cut (correct
knowledge of anatomy and physiology, and skill [32].

In kosher slaughter, the knife’s sharpness, its absence of nicks, a pre-slaughter exami-
nation of the knife’s sharpness, and its size are all given careful consideration (double the
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A clean neck cut at the proper position using a very sharp knife facilitates rapid blood
loss and fewer incidences of false aneurysm formation, thereby leading to the early onset
of unconsciousness. Specific details about sharpness and its dimensions for the Chalaf are
mentioned for kosher slaughter. However, this very critical factor is largely overlooked in
scientific literature. In this context, this paper critically reviews the significance of knife
sharpness in religious animal slaughter without stunning under the broad ambit of animal
welfare principles by alleviating stress and pain, this ultimately improving meat quality.
The manuscript also reviewed various factors that could render knife sharpness as an
important determinant of animal welfare during slaughter such as the position of the neck
cut, knife dimension, training/expertise of the slaughterman, restraints, and presentation
of the animal during slaughter.

2. Sharia’s Perspective of Knife Sharpness

A sharp knife is recommended for halal and kosher slaughter for efficient bleeding,
alleviating pain, and producing quality meat [26,27]. Islam prescribes proper guidelines
for ensuring the sharpness of knives and the slaughter of an animal by complying with
animal welfare principles mentioned in the Holy Quran and Hadiths.

“Certainly Allah has decreed proficiency in all things. Thus ... if you per-
form slaughter (zabh), perform it well (painlessly). Let each of you sharpen his
knife/blade and let him minimize suffering to the animal he slaughters (zabiha

die painlessly/peacefully).”

“Allah calls for mercy in everything, so be merciful when you kill and when you
slaughter; sharpen your blade to relieve its pain.” (Al-Qaradawi, 1994).

“Allah has commanded you to treat all creatures with kindness. When you
slaughter an animal, do so kindly. Sharpen the knife well and give comfort to the
animal being slaughtered.”

The Islamic tradition strongly advocates the humane slaughter of animals to alleviate
pain and suffering. For example, Sahih Muslim (Book 21, Chapter 11, Number 4810) records
Prophet Mohammad (PBUH) saying;:

“Verily Allah has enjoined goodness to everything; so when you kill, kill in a
good way, and when you slaughter, slaughter in a good way. So every one of you
should sharpen his knife and let the slaughtered animal die comfortably.”

“When one of you slaughters, let him complete it.”
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In accordance with the Prophet’s (PBUH) commandment that at the point of slaughter,
the knife’s cutting edge must be well sharpened (Jama'ulFawa’id). In Islam, using bones,

claws, teeth, nails, and alike is strictly forbidden. This implies less pain to the animals
during slaughter.

“Use everything to slaughter which allows blood to flow, except for teeth and
nails, and all else is permissible” (Sahih Bukhari, p 827; Sunan Abu Dawood).
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1. Introduction

The World Organization for Animal Health (WOAH) defines animal welfare as
“the physical and mental state of an animal concerning the condition in which it lives and dies” [1].
It consists of the responses of an animal to socio-physiological factors, escapes or avoidance
behavior, animal physiology, and biochemistry [2]. Each society has its interpretation of
animal welfare based on its moral and ethical values and welfare standards [3]. With increas-
ing awareness, and education, consumers prefer food not only for good nutritive quality,
sustainability, and processing but also for ethical and spiritual quality. Consumers are
more concerned about handling animals and management practices involved during meat
production, such as stunning prior to slaughter, and free-range chicken production. The
animal welfare issue has taken center stage in global meat production and marketing [4-9].
Further, a well-established link between pain or stress during slaughter and its negative
impact on meat quality warrants the immediate attention of researchers and policy-makers
for proper animal welfare compliance during animal slaughtering [3].

The pre-slaughter handling and slaughter process is crucial from an animal welfare
perspective as it comprises converting the live animal into edible pieces of meat for hu-
man consumption. Several pre-slaughter factors cause an animal stress, fear, pain, and
distress, thus compromising their welfare [10,11]. Pain is “an unpleasant sensory and emo-
tional experience associated with or resembling real or potential tissue injury” [12]. Stress is a
complex physiological state that comprises a range of integrative and behavioral changes in
response to a real or perceived threat to homeostasis. In contrast, fear denotes a condition
of danger perception or potential harm that could compromise an animal’s safety [13].
Distress denotes a negative and aversive state under which the ability of an animal to
cope and adapt is impaired [14]. Presslaughter handling practices have a significant effect
on animal stress, pain, distress, and fear, such as transportation conditions, loading and
unloading, stocking density, water and feed availability, attitude and training of animal
handlers, and slaughtering practices (such as stunning, restraints, knife sharpness, and
training of butchers). Knife characteristics, especially knife sharpness, are very crucial
among these factors.

During kosher and halal slaughter, animals should be restrained by using minimum
stressful methods to hold the animals for neck cuts. Gentle handling and less stressful
restraints lower the issue of delayed periods of consciousness after a neck cut and improve
animal welfare [15]. These considerations also affect the reaction of the animal to a throat
cut [16-18], the issue of prolonged consciousness after the neck cut [19], and the perfusion
of blood in the respiratory tract [20]. Tight/robust restraints cause stress—especially in
cases where animals are turned on their side or back in a rotatory casting pen—substantial
tissue damage, and prolonged time to reach the stage of unconsciousness, thereby feeling
pain, distress, anxiety, and suffering [21]. The issue of gentle handling and less stressful
restraining methods are more critical in the slaughter of cattle without stunning as com-
pared to sheep. This could be due to the larger body size of cattle [15] and anatomical
differences in the blood supply to the brain; thereby taking longer time to reach the stage
of unconsciousness in cattle as compared to sheep [22,23]. The World Organization for
Animal Health (WOAH, previously known as OIE) recognized fully inverted, upright, and
lateral /sideway restraints for animals, with suspending only allowed in poultry [24].

Even though religious authorities (both Islam and Judaism) and sacred texts emphasize
the importance of using a sharp knife and maintaining its sharpness during slaughter, there
is very little scientific evidence available to corroborate this element, especially in the
context of ritual slaughter (halal and kosher slaughter). Religious slaughter implies the
slaughter of permissible animals by severing the trachea, esophagus, and blood vessels
using a sharp blade and following laws as prescribed by rituals (blessings/invocations) that
characterize its purity /ethical value [25]. Islam and Judaism have given utmost importance
and zero tolerance towards animal welfare compliance during slaughter and strongly
advocate benevolent and compassionate treatment of animals.
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I2.5.28. Signed  Certificate  of  Copyright
Registration

Speaker in the National Organic Agriculture
Congress 2023 for the research topic:
Mangosteen Rind Powder: A Natural Feed
Additive for Chicken.

Supporting evidence:
2.5.29. Signed Letter of Authorization

|2.5.30. Proof of Participation as Resource
Speaker

|2.5.31. Signed Certificate
|12.5.32. The Mindanao Tech News
2.5.33. NOAC 2023 Proceedings

Judge of the Oral Scientific Paper
|Presentation  (Undergraduate = Category)
during the 60th PSAS Scientific Seminar and
Annual Convention and 7t International
|Livestock Biotechnology Symposium

Supporting evidence:

I2.5.34. Signed Certificate

Peer reviewer for the Journal of Agricultural
Research, Development, Extension, and
Technology (JARDET) in 2021.

Supporting evidence:

2.5.35. Signed Certificate

Resource person during the “Training on
Intellectual Property Protection and
Patent/Utility Model Application”

Supporting evidence:

.5.36. Signed Certificate




Resource person during the training on
Feednovation: A Showcase of Alternative
Feedstuff and Silage Making for the AEWSs
nd LSA Cooperators in Region XlI and
BARMM, 2024.

Supporting evidence:
2.5.37. Signed Certificate
2.5.12. ATI-12 Facebook post

[Resource speaker during the Echo Seminar &
Workshop on Technology Commercialization
[Mentorship Series

Supporting evidence:

I2.5.38. Signed Certificate

[Mary Joy S. Cafiolas

Speaker in the National Organic Agriculture
Congress 2023 for the research topic:
Phenotypic Characteristics and Egg Quality of
Improved Mallard Duck Under Intensive
Management System

Supporting evidence:
2.5.32. The Mindanao Tech News
Ig.5.33. NOAC 2023 Proceedings

Resource person during the training on
Feednovation: A Showcase of Alternative
Feedstuff and Silage Making for the AEWSs
and LSA Cooperators in Region XII and
IBARMM, 2024.

Supporting evidence:

2.5.12. ATI-12 Facebook post

|Geoffray R. Atok

Focal Person during the SUC-ACAP Initiated
Online Licensure Examination for Agriculturist
(LEA) Review Classes

Supporting evidence:

.5.39. Signed Certificate




[Resource person on the Training Course on
Artificial Insemination for Large Ruminants

Supporting evidence:

I2.5.40. Signed Certificate

Resource speaker on the Basic Training
Course on Artificial Insemination and
Pregnancy Diagnosis for Large Ruminants

Supporting evidence:

2.5.41. Signed Certificate

2.5.42. DA-Philippine Carabao Center at USM
|Facebook post

[Resource speaker and facilitator during the
conduct of the Basic Training Course in
Artificial  Insemination and  Pregnancy
[Diagnosis for Large Ruminants

Supporting evidence:

I2.5.43. Signed Certificate

[Resource Person during the Training on Basic
Artificial Insemination (Al) of Large Ruminant
[for the Agricultural Extension Workers (AEWSs)
Al Technician in Region XII & BARMM

Supporting evidence:

2.5.44. Signed Certificate
I2.5.45. ATI-12 Facebook post

[Resource Person during the conduct of the Basic
[Training Course on Artificial Insemination and
|Pregnancy Diagnosis for Large Ruminant

Supporting evidence:

2.5.46. Signed Certificate



https://www.facebook.com/pccusm?__cft__%5B0%5D=AZaLqCzb8fzA14SGERAUX2QwTXeF3hb6brTCRq7BmfxtspgJhTtfvrxKAGQiCGDdMd8oTCKQ9FIpBGOwjkgZPDgqTMQnuCN_pGWWLuxqmENadlMEYFG0ZmzETRfimWSB08trBfoccCSOLuU1QADUcBFTl50ShhdwZ20aN1mCX9vyFfS5PwNcMToyHegBWcINQ_0&__tn__=-UC%2CP-R

Facilitator during the TOS and Test Development
Refresher Workshop held on September 7-8,
2022, at the University of Southern Mindanao
|Commercial Building, Kabacan, Cotabato

Supporting evidence:

I2.5.47. Signed Certificate

Facilitator during the Orientation on Slides Design
Production held on September 10, 2022 at the
University of Southern Mindanao Commercial
Building, Kabacan, Cotabato

Supporting evidence:

2.5.48. Signed Certificate

|Evaluator during the Research for Development
31st Agency In-House Review held on October
13—-14, 2022 at Agua Frio Garden Resort, City of
|[Koronadal, South Cotabato

Supporting evidence:

2.5.49. Signed Certificate

INSTRUCTIONAL VIDEO MATERIALS

9

Josephine R. Migalbin

Panimula sa Pag-aalaga ng Kambing

USM Teknogiya Sa Radyo - EPISODE
1: Introduction to Halal Goat Production

Teknogiya sa Radyo at TV Episode 1:

Supporting evidence:
2.5.51. YouTube videos of USM RTv

10

Geoffray R. Atok

2: Pasture Establishment

ng Pastulan o Forage Garden

USM Teknogiya Sa Radyo - EPISODE

Teknogiya sa TV Episode 2: : Paggawa

Supporting evidence:
2.5.52. YouTube videos of USM RTv




11

Jurhamid C. Imlan

USM Teknogiya - EPISODE 3: Breeding
and Reproduction (Part 1)

USM Teknogiya Sa Radyo - EPISODE
3: Breeding and Reproduction (Part 2)

Supporting evidence:
2.5.53. YouTube videos of USM RTv

P13 Lawrence Anthony U. SOXAARRDEC Cares
Dollente, Josephine R.
Migalbin, Len Latido, Supporting evidence:
Jurhamid C. Imlan, and 2.5.54. SOXAARRDEC Facebook page
Eugene G. Ranjo post
14 Jovelyn Gesulga Ugnayan Natin sa Radyo

Janice M. Bangoy
Mary Joy S. Canolas
Glyn G. Magbanua

Supporting evidence:
2.5.55 USM Extension Services Facebook
page post

Gelyn Amilbahar, Tamie
Solpot, Josephine
Migalbin

Development of Video Materials on
Organic Production of Indigenous Vegetable
for Dissemination

Video 1: Nutritional Benefits of
Indigenous Vegetables

Video 2: Modified Fermented Plant
Juice Concoctions

Video 3: Indigenous Vegetables
Recipes

Video 4: Model Garden for indigenous
vegetables

Supporting evidence:
2.5.56 The USM College of Agriculture
Facebook page webinar series




SUPPORTING EVIDENCE FOR 2.5 NUMBER OF COMPLETED
CREATIVE WORK (2018, 2019, 2022, 2023, 2024)

2.5.1. 2024 USM-RDE Year-end In-house Review. All Animal
Science faculty are highlighted in purple.

9%\1. A=

RESEARCH, DEVELOPMENT, AND EXTENSION

In- House Reviem

USM RDE: INNOVATING SOLUTIONS FOR
MODERN CHALLENGES

Movember 28-29, 2024
Commercial Building
University of Southern Mindanao
Kabacan, Cotabato

Jhis sowees as invifafisn

rpso@usm.edu.ph O O www.usm.edu.ph/rde



Republic of the Philippines
UNIVERSITY OF SOUTHERN MINDANAO
Kabacan, Cotabato
Tel. No.; (064)572-2238
Email address: op@usm.edu.ph

OFFICE OF THE PRESIDENT

Message

As we close another fruitful year, it is fitting to reflect on the strides we have made in USM
Research, Development, and Extension (RDE). Guided by our vision, mission, and RDE
Framework, we remain steadfast in our commitment to creating meaningful change.

Why do we pour immense effort into research if it fails to benefit those who need it most? The
answer lies in our purpose, As researchers and extensionists, we have been entrusted with the
privilege—and the responsibility—ta uplift the lives of our fellow Filipinos. Our work has the
power to transform challenges into opportunities, and we must embrace this mission
wholeheartedly.

In today's rapidly evolving world, modern challenges such as climate change, technological
disruption, and socioeconomic inequality demand innovative solutions. Through collaborative
efforts, our research can bridge gaps, address pressing issues, and contribute to sustainable
progress. This underscores the importance of teamwork.

As we move forward, let us hold onto our collective purpose, knowing that the journey is as
meaningful as the destination, May we continue to strive for excellence and make a difference
in the lives of others.

May this vear-end review rekindle our passion and renew our commitment to our mission.

Let us join hands to inmovate solutions for modern challemges. May God bless us all.

FRANC L N. GARCIA, PhD
SUC President IV

o

“NITY IN DIVERSITY AND
SUSTAINABLE DEVELOPMENT IN
MINDANAO THROUGH QUALITY AND RELEVANT EDUCATION"

USM-5YS-F70







RDE YEAR-END IN-HOUSE REVIEW
PROGRAM 2024

GENERAL SCHEDULE OF ACTIVITIES

November 28, 2024 (Thursday)

TIME ACTIVITY

7:30 AM - 8:30 AM Registration
8:30 AM — 9:15 AM Opening Program
9:30 AM -=11:40 PM Presentations
11:40 AM = 12:00 PM Poster Viewing
12:00 NN —1:00 PM Lunch Break

1:00 PM - 5:00 PM Presentations

November 29, 2024 (Friday)

TIME ACTIVITY

7:30 AM — 8:00 AM Registration
8:00 AM —-12:10 PM Presentations
12:10PM - 1:30 PM Lunch Break

2:00 PM - 3:00 PM Closing Program




Opening Program

Commercial Building
November 28, 2024
8:30 AM

National Anthem Rahima A. Cabunto

Invocation Tamie C. Solpot, PhD
Arnabie Murray

Bagong Pilipinas Hymn Rahima A. Cabunto

Welcome Remarks Debbie Marie B. Verzosa, PhD
Vice President for RD&E

Message of the President Francisco Gil N. Garcia, RPAE PhD
SUC President IV

Rationale Ma. Teodora N. Cabasan, PhD
Director, Research Publication Services Office
Over-all Coordinator, In-House Review

Presentation of Evaluators Glyn G. Magbanua, PhD
Director, Extension Services Office

EMCEE: Charlotte Andrea Tutor







Closing Program

Commercial Building
November 29, 2024
2:00 PM

SYMNTHESIS PRESENTATION

SESSION 1 MR. JOHN ALDRIN I. SANAMA
EPS 1

SESSION 2 MR. JAYSON 5. BALTAZAR
EPSI

SESSION 3A MS. ZAIBEL ROSE TAMON
Research Assistant

SESSION 4B MS. KARIZZA JAMNE PEJANER
Faculty, PPALMA

PRESENTATION OF QUTPUT FOR JURHAMID C. IMLAN, PhD
USMARD CENTER RESEARCH Director, USMARD Center

PRESENTATION OF OUTPUT FOR GLYN G. MAGBANUA, PhD
EXTENSION Director, Extension Services

PRESENTATION OF OUTPUT FOR LYDIA C. PASCUAL, PhD
COLLEGE-BASED RESEARCH Director, Research and Development

PRESENTATION OF OUTPUT FOR PICRI DEBBIE MARIE B. VERZOSA, PhD
RESEARCH Vice President, RDE

PRESENTATION OF RDE OUTPUTS DEBBIE MARIE B. VERZOSA, PhD
Vice President, RDE

ACCEPTANCE OF RDE QUTPUTS FRANCISCO GIL N. GARCIA, RPAE, PhD
SUC President IV

CLOSING MESSAGE FRANCISCO GIL M. GARCIA, RPAE, PhD
SUC President IV

CLOSING PRAYER TAMIE C. SOLPOT, PhD
Faculty Researcher

EMCEE: Janice M. Bangoy







EVALUATORS

Session |
Basic Research Category

Dr. Naomi G. Tangonan
Dr. Sailila E. Abdula

Dr. Romulo L. Cena

Session Il

Applied Research & Development Category

Dr. Emma K. Sales
Dr. Josh Elisha R. Octura
Dr. Elizabeth D. Malacad

Session llIA

Extension Category

Dr. Lorna G. Valdez
Mr. Roberto A. Cambel, Jr.
Dr. Samsia A. Ibrahim

Session IlIB

Social Research Category

Dr. Lorna G. Valdez
Mr. Jerome Bactol

Dr. Mervin G. Gascon







MODERATORS

Session | (Basic)

AM- Nov. 28 & 29, 2024
Kim Abellanosa (RDE)
Anamarie Uyangurin (CASS)

PM- Nov. 28 & 29, 2024
Marilyn P. Calub (CEIT)
Khris June Callano (CA)

Session |l (Applied)
AM - Nov. 28 & 29, 2024
Hannah Lou Diez (RDE)
Roland Fajardo (CVM)
PM - Nov. 28 & 29, 2024
Josephine R. Flores (CVM)
Joeseph Quisado (CA)
Session llIA (Extension)

AM - Nov. 28, 2024
Rahima A. Cabunto (RDE)

PM - Nov. 28, 2024
Saima M. Andil (IMEAS)

Session IlIB (Social)

AM - Nov. 29, 2024
Benjie Mari (RDE)




“The highligted projects in green color are the competing projects I

101 - lopi inably icultural Envi 201 - Biclogical di ic toal for vul 301 - BIO-NIHAN Para sa Kalikasan: Promoting Holistic
through the O@unuamofburian Producers in agroecosystems: nematode commu nity analysis as an icdiversity Cor ion Through i
Mindanao, Philippines approach to assess sustainability of agricultural practices|Partnership
Mel Chrisel Sales Ma. Teodora N. Cabasan & Bryan Lioyd Bretana Bryan Lloyd P. Bretana, Cromwel M. Jumao-as, Cherie
Cano-Mangacang, & Florence Roy P. Salvana
9:50 AM 10:10 AM 102 - hensi of d 202 - NICER Praject 1 - Molecular Fingerprinting of 302 - BIO-NIHAN para sa kalikasan in Columbio:

Ch ics, Land  |Cacao Parental Recommended HYVs and True Criollo inable ini for Biodi
Usefund Cover Chan.u,. Hydrologic Patterns, Soil Ensuring Multiplication of Quality Planting Materials
Emlnn Hausandcmsmion Pricrities in the (QPMs) for Increased Profitability Cromwel M. J , Cherie C

hed, Philippi Fl Roy P, Salvana, Bryan Lloyd P. Bretana & Elvie V.
Edward A, Barlaan Diaz

Jennet R. Mag-aso and Rezin G. Cabantug

10:10 AM 10:30AM  |103- Characterization of Inland Capture Fishery and 203 - NICER Project 2 - Upgrading of the Cacao Gene: 303 - Organic Corn Seed Production in Brgy. Saniag,
Rapid Assessment of Fish Abundance and Diversity of  |Bank for Conservation and Management in Cacao Ampatuan, Maguindanao del Sur

Liguasan Marsh in Cotabato Province Varietal Improvem ent
Mary Joy 5. Canolas, Efren E Magulama, Nenita E. Olero,
Leonila V. Papalid Gwen Iris D. Emplea and hy M. Pasguin Janice M. Bangoy

10:40 AM 11:00 AM | 104 - Wiater Quality Assessment and Characterization of |204 - NICER Project 3A - Development of Optimized 304 - Re-echo Training to Farmer's

Lake Buluan: A Comprehensive Analysis of Processing hes for Quality] C on Analysis,

Physicochemical Parameters, Heavy Metal of Cacao Beans and Fertilizer Management in the Provinces of

« ion and Biological ind del sur, ind: del Norte, and SGA.
Renel M. Alucilia

Ronielyn F. Pinsoy, Jeconi Joice T. Paler & Carmee May L. Mary Joy Canolas

Balneg

11:00 AM 11:20AM  |105 - Characterization of Inland Capture Fishery in Lake |205 - NICER Project 3B - Optimization and 305 - Scholarship Presenting Advanced Research
Buluan: Rapid f Fish Abund. and f G i tProcesses |Knowledge (SPARK)
iversi and Physicochemnical Analysis for Improved Cacao Bean

Quality MISEEISNCSRGNE & Allan C. Facurib

Stephen Dave M. Dupo, Carmee Lyn B. Paylangeo, &
Mark Julius C. Seloterio Sheena B. Lucena

11:20 AM 11:40AM  |106- Assessment and Modeling of Land Use/ Land 206 - Land eru'!lum Of Rubber- Based Systems In  |306 - Going Bananas - Restoring Livelihood of Conflict
Cover, Soil Quality, Flora and Fauna in the Southern Philippis ive Rubber-Based Cropping  |Farmers in Cotabato
Lutayan as Tributary of System in Southern Philippines

Rezin G. Cabantug

Dhealyn Decee V. Sabit & Jesabell 0. Sambile [Rezin G. Cabantug

[107- SNAP Testing Assay for Sereening Antibiotic |207 - Development of Cost and Effective Pestand 307~ Capability Building of Rubber Stakeholders and
Residues in Milk Disease Management of Rubber and Intercrops Role of Women and their Children Natural Rubber
Industry in Agusan del Sur and North Cotabato

Elma G. Sepelagio and Cyrelle M. Besana Elorde Jr. Crispolon
Mary Rodelyn Cariaga

1:20 PM 1:40 PM 108 - Development and Evaluation of Corn (Zea mays L) | 208 - Developing Land Management Options for Diverse [308- Safe Spaces: Fighting Sexual Harassment through

Microgreen-based Products Cacao-Based System in Mindanao Education and Empowerment
(Metche Anne C. Logronio, Lorelyn Joy N. Turnos: Mel Chrisel Sales Mariz P. Balquin, Rolly C. Sotto & Vicente Delos Reyes
Milagrosa and Mark Al-lamie J. Muttulani
140 PM 200PM | 109- Technological Innovation and Value Addition |29~ commercialization of Chevon Food Products and E Building Capacities of Barangay People for
Through Product Diversification of High-Value Crops for |Standardization of Processing Center ABAG)
Halal Cosmetics and Supplements
Jalaloden B, Marohom Dheabyn Deces Sabit
‘Queennie L. Rufino, Liez Gray Oria, Marivic D. Candari,
 EEEREIEIRIEN] Sandra Joy P. Pahm and Mary Ann B.
Rama
2:00 PM 2:20 PM 110 - Fruit Quality Improvement in ‘Carabac’ Mango [210~ Zinc oxide nanoparticles for seed priming and Collaborati ing and for
Thrml;h ldumﬁnmnulﬁmsfnrm and Stem-end | foliar fertilizer [Community Transfermation (CONNECT)
Rot by (GBS) and
Genome Wide Association Slndlﬁ [GWAS) Lydia C. Pascual Janice: M. Bangoy, Ritchel O. Torres & Diether M. Barro
Edward A. Barlaan & Joan P. Sadoral
20 PM 40 PM 111 - Phenotyping of Multi-cross Corn Hybrids and 211 - ion il ion for coffi d cacan 311 - CASAMA - Comprehensive Assistance and Services|
Synthetics with Tolerance to Herbicide beverages Authentic and Meaningful Section-Phase 2: Utilization of
Local Coconuts Fruits for VCO Enhance Soap
Jessie Elarde, Efren | Nenita Ol d Edws 1 Jay N, Turnos-Milagrosa, Abubakar A. Murray,
A Barlaan Sedra A. Murray & Mark Al-jamie Muttulani Cherie Mangaoang & Marivic Candari




3:00 PM 3:20 PM 112 - FODD FOR LIFE 3.0: Environmental and Hormonal |212 - HEIRIT: Establishment of USMART Techmol 312 - t of Instrum entation System
Manipulations of Fishes in Ligawasan Marsh for Business incubator - A DOST Funded TBI Modeling, Assembly and Response Testing (iSMART)
Improved Breeding Laboratory
Jalaloden B Marohom, Maricel G_, Dayaday, Danilyn A.
Florence Roy P. Salvafia, Cyrelle M. Basana and Fia Flores, Nerissa G. Dela Vifla, Romiel lohn P. Basan Maricel G. Dayaday
Amabelle M. Flores
220 PM 3:40 PM 113 - Enhancing Adlai Farming Technigues through 213 - Smart eacao Budwood Nursery and Greenhouse 313 - CBDEM - Delicacies: Capacity Building,
Precision Agriculture for Production of High-Quality Planting Materials D ion and Enterprise of
Maguindanaon Delicacies
Shieryl P. Ortiza, Efren Magulama and Renel M. Alucilja  |Edward A. Barlaan, Maricel G. Dayaday & Renel M.
Alucilja Roy B. Gacus, Francisco Gil N. Garcia, Esmaira G.
yan, April M. Quinonero, Analyn A
(Gonzales & kving T. Fajarito, Ir.
340 PM 4:00 PM 114 - Harnessing Rhizobacteria and Actinomycete’s 214 - Towards Commercialization: HalalPlant Based 314 - CORN PLUS: Promotion of USM OPV Corn through
i ial as Biofertilizer and Biocontrol Inputs \Concoctions as Mutrient Sources for Crucifers and the Adoption of Organic Production
Supportive of Strengthening the Organic Agriculture Solanaceous Vegetable Crops Through Field Validation
Industry (HaRBIS-Organic) and Market Analysis Nenita E. Olero & Janice M. Bangoy
Mel Chrisel A. Sales, Ma. Teodora N. Cabasan, and Neil  |Jhon Dave E. Ulanto, Mark Al-Jamie ). Muttulani and
Pep Dave N. Sumaya lLorelyn Joy N. Turnos-Milagrosa
4:00 PM 4:20 PM 115 Water Quality A and Ch ization of| 215 - Market Analysis and Innovation of Cacao Based  |315 - USM T.O.ULRS, (Travel Odyssey: Unveiling Rich
Liguasan Marsh in Cotabate Province: A Comprehensive |Products for Commercialization Sights)
Analysis of Physico-Chemical Parameters, Heawvy Metal
Contamination, and Biclogical Assessment Analyn A, Gonzales Harern R. Roca, Jane R, Desamito, Meldred F. Samblaceno, Dianne Cristel M. Basilio &
sandra Joy Pahm and Esmaira G. Gunsayan Rosyell Angelo N. Piosca
Lydia C. Pascual & Debbie Marie B, Verzosa
420 PM 4:40 PM 116 - Charactenzation and Performance of Ten (10) 216 - Project Title: Response Surface Optimization of 316 - Towards a healthy wel l-being: Paychoeducation
Promising Varieties of Cacao in Different Agro-Climatic  |Cereal-based Patty and Kroepek for Enhanced and Psychosocial Intervention for High sconing high
Zones in the Philippines: Project 1. Yield and Bean Acceptability and Market Assessment school students in DAS521 in Kabacan, Cotabato
Quality Evaluation of Ten (1) Promising Cacao Varieties
in Type Il and Type |1l Agroclimatic Zanes in Northern and Maribelle T, Plamante, lvy Mar B, Cabormida and Analyn |Myka lvana O, Sorilla
Southern Mindanao A Gonzales
Ardniel A Baladjay & Sheena B. Lucena
4:40 PM S00PM  |117 - Hybridization of Rubber (Hevwea brasiliensis | 317 - Infograp ng mga Impormasyon Hinggil sa Halaga,

Resistant Clones

Towards Development of High-Yielding and Disease-

Tamang aan at Benepisyo ng Pagp -
Isang Teknikal Na Pagsasalin sa Wikang Teduray

lanice Bangoy, Sheena Lucena, Marry Grace Radji Macatabon
Balbuena & Jasmin Pecho
SOCIAL (SESSION 111B)
B:00 AM 220 AM 119 - Molecular validation of USM-Developed com | 219 - SMART SNACKS: Creating Innovative & Affordable | 319 - f Soci i of
varieties (USM 5,6,10) Snacks with Healthy Options [Communities in the Liguasan Marsh in Cotabate Provinee
Marry Grace 5. Balbuena Janice M. Bangoy, Maybell 5. Martin, Leila 5. M Gil N. d Romiel John P. Basan
8:20 AM £:40 AM 120 - Molecular identification and Centrol of Brown Leaf 320 - Mapping the Future Plate: Evaluating the
Malady of Selected Fruit Crops Spatiotemporal Dynamics of Meso-Level Food Security
|(MFS) of Cotabate Province in Changing Climate
Clark I. Maarat, Jasmin A. Peche, Marry Grace Balbauena
& Tamic C. Solpot [Romiel lohn P. Basan
8:40 AM 9:00 AM 121 - Breeding of White OPVs, Glutinous, and Sweet 221 - Optimization of The Preduction of Biochar from 321 - Inclusive Social Services in Lecal Government Units.
Corn for Herbicide [Coconut and Animal Waste and Public Higher Education Institutions (HEIs)in
Cotabato Province
Nenita Olero, Jessie Elarde, Efren Magulama and MEEmIEGIEN and Rezin 6. Cabantug
Monaira Sumael Jhon Dave Llanto:
5:00 AM 9:20 AM 122 - Breeding of Corn Varieties with Climate Change 222 - USM Center for Flood/ Landslide Plepzrednessana_ - of Soci ic Status of
Resilience: Drought Resistance Mitigation (IDD) (Communities in Lake Buluan
Nenita E. Olero (Cristopher Benito April Geraldine M. Quifionero, Ma. Karysa F. Garcia,
Jessa May M. Versola
9:20 AM A0 AM 123 - Pre-Harvest Treatment on the Praductivity of 223 - Prod of Rebusta Coffee Applied 323 - Unveiling Patterns: Data Analytics Approach to

2:50 AM

10:10 AN

Yellow Passion Fruit Under Kabacan Cotabato Condition

Sandra Joy P. Pahm

124 - Ch: ion of Palm Oil Products Using GC-MS)

with Organic and Inorganic Fertilizers in Mindanao

Leandreux Ocasion

|Understanding Student Success in USM Colleg
Exams

Janice T. Palmaera, Elizabeth R Genotiva & Arjay 5.
Aghunag

and FTIR and its Potential Application for Bio-Plasticizers

Marivic Candari, Nikki Jane Benito and Queennie L.
Rufing

224 - ous Phosphorus and P [t 324 - Input, Cutput and Outcome Ind
Mier " s ial Enh o h of Higher Education Towards Data-Driven Quality
and Potassium Nutrient Uptake of Corn Improvement

Maria Elena N. Tanabe & Leandreux Ccasion

Francisco Gil N. Garcla, Lawrence Anthony U. Dollente,
Willie Jones B. Saliling, Romiel John P. Basan & Kharlo J.
Subrio




10:10 AK 10:30 AM 125 - Breeding of Elite Durian Cultivar for Impreved Fruit |225 - Project 1. Regional Intellectual Property and 325 - Dx ng Manob: si
(Characteristics and Asexual Propagation of Musang King |Technology Business Managemient (IPTBM) in
Cultivar SOCCSKSARGEM through the RAISE Program. Radji A. Macatabon
MifRSRIEONRIER and Sheena Lucena Pia Amabelle Flores, Cyrelle Besana and
10:30 AM 10:50 AN 126 - Optimi 1 and V ion of USM D ped  |226- Enhancement of the Agri-Aqua 326 - Assessment of the Integration of Gender and
Biostimulant far Dragon Fruit Production Technology Business Incubator [ATBI) in University of Development (GAD) Concepts Across General
Southern Mindanae (USM) Through The Raise Program  |Education Courses in Selected SUCs in Region XII
Jasmin A, Pecho
Fia Amabelle Flores April Rose Butalid
10:50 AM 1L10AM  [127 - Assessment of Durian Clone Varability: 227 - Establishment of Regional Agri-Business Hub (ABH] | 327 - Project Title: PCC's Dairy Box and Farnily Module:
A Study on Yield Perfermance in USAM Established in SOCCSKSARGEN through the Raise Program Success Stories, Challenges and Ways Forward
Qrchard
fonald 2. Pascual Glyn B. Gabano-Magbanua, Estella B. Barbasa, Marlyn A
Janice M. Bangoy Resurreccion & Anamarie B. Uyangurin
11:10 AM 11:30 AM 128 - Screening for Resistance and Fungicide for 228 - Project 4: Establishment of Regional Enowledge 328 - Satellite SERDAC: Establishment of Satellite
[Pestalotiopsis Leaf Spot disease of Coffee hanagement (KM) Hub in SOCCSKSARGEN through the |Sociofconomic and Data Analytics Center [SERDAC) at
RAISE Program. the University of Southern Mindanae to Strengthen
Bernadith Borja & Tamie C. Solpot Capacity in Socio-Economic Research and Anakytics in the
Josephine Migalbin Region
Romiel lohn P. Basan
11:30 AM 11:50 AM 225 - Developing Rapid and Affordable Soil Nutrient Test | 325 - USM futures thinking program: Food and health
Fertilizer Formulation for Rubber Cropping System security, systems, innovation, and sustainability
Leandreux Ocasion Francisco Gil N. Garcia, Edward A, Barlaan & Ma.
Teadora N. Cabasan
11:50 AM 12:10 PM 330 - Empowering Equity Target Students: Enhancing

1210 PM

Access and Swuccess across SUCs in Region X1

Franciseo Gil N. Garcia, Marcos F, Monderin, Romiel John)
P, Basan, Ronielyn F. Pinsoy, Lawrence Anthony Dollente,
Estella Barbosa, Vilma Santos, Metche Anne Logronio,
stephen Tinambunan, John Carlo Villarin & Stella
Lasquite




VISION

USM envisions upholding its status of excellence in Research and Development

by continuing to be the pioneer source of technology and infarmation that are on
frack towards poverty reduction, food security, and global competitiveness 1or
cohesive and sustainable development amaong its multi-socio-cultural clienteles

MISSION

To put into operation a system to undertake multi-disciplinary approach forR& D
aclivities to ensure that technologies and information generated can address the
pravalling concerns and Issues in the local, regional and national levels for
sustainable development.

GOALS

» Improve the system with scientific excellence rhmugh collaborative and
interdisciplinary R&D activities that are anchored on the University's
vision/mission;

Conduct researches and generate technologies that could provide solutions
and address the local, reglonal, and national concerns and issues;

Provide a mechanism to ensure that research results be effectively and
efficiantly delivered to the cliants for utilization and commercialization; and
Build up resource generstion facilities for continuous and sustainable R&D
programs that geared towards ensuring food security, global competitiveness,
socio-cultural responsiveness that eventually improve the quality of life of the
clienteles.

RDE YEAR-END IN-HOUSE REVIEW
November 28-29, 2024
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2.5.2. Dr. Josephine R. Migalbin Brochure for Silage Making
for Smallholder Farmers

WHAT IS SILAGE LIMITATIONS
MAKING? Equipment and storage

facilities are expensive.

ADVANTAGES

* s among the various techniques T e o
utilized for preserving un!m:::[ll :&‘::::;I:"auntg“on e * Preserves nutrients
feed for when there are fewer animals ge.
feed accessible. Requires skilled labor and
* |norder to make silage, new careful management.
{graun:l cutting must be done. Heavy and bl..llk'f' EHPEI‘ISWE
compacting and storing fodder !
then fermenting it in a regulated to move.
circumstances within a silo, where air Spoils quickly once exposed
Mot allowed to touch the silage. to air.

¢ All-weather harvesting
. ng her \:l'"iE"'lC'in_:

» Better livestock feed

STEPS IN SILAGE * Less field loss
MAKING
1. Choose and grow the right crop

2, Harvest the crop
3. Transport quickly

4. Pack the silage tightly « Storage efficiency
5. sedl itwell

6. Ferment for 21-60 days
7. Open carefully and feed

ibility
r-round fe



ANO ANG
PAGGAWA NG
BURONG DAMO
(SILAGE)?

= Angpoaggawang silage ay isa sa mga paraan ng
pag-limbak ng pagkain para samga hayop, para
magamit kapag kaunti o walanang makukuhang
sariwang damo o pakain.

+ Sa paggowa ng burong damo (silage), kailangan
munang magputel ng sariwang dame o pananim.
Pagkatapes, ite ay tnatopak-tapokan o
dinadaganan para sikslk at hindi mapasukan ng
hangin. Inilalagay ito sa isang lalagyan na sarado
(tulad ng drum) at iniiwan ng ilang lingge para

mopreserba, Sa ganitong paraan, hindl ito

v at p g I in sa mga hayep

kahit tagtuyot o wala nang sariwan g damo

Prepared

JOSEPHINE R. MIGALBIN, Ph.D.
Project Leader

MGA LIMITASYON

Mahal ang kagamitan at lalagyan o
imbakan.

(apag hindi mao:
rment, r

Kailangan ng taon
maingat sa pros

Mabigat at malaki a
mahal ang pagpapalipat-lipat

MGA HAKBANG SA
PAGGAWA NG BURONG
DAMO (SILAGE)

Pumili at magtanim ng tamang pananim.

Anihin ang pananim sa tamang panahon.

= Dalhin agac sa imbakan,

burong damao (S

+ Takpana uhan nang mMaa

= Pabanlihin

SILAGE MAKING
FOR
SMALLHOLDER
FARMERS

MGA
PAKINABANG

at ] N ML
anihin kahit

15 Na ani.




PANUN E KAUMBAL
SATAPAY NA
UTAN(BURONG
DAMO)?

So tapay na utan isakano mga
penggulan a mapya Indo makatemeo
sa pegkanin na kambing, labi den o
pedo den so kapakayan a makan nilan.

So kabagumbal sa silage, nya dayt
penggulan ningka na kwaka muna sa
bago pon apinanadtar autan,
mapasad na padtitimed ka ndu itage
ningka. Padtaray ka sekanin sa
matangin sa mapya sa di makaludep i
sambel ndu dili mabinasa so utan.

MGA TAMANAN MGA

PAKADTABANG

na utan.
aw enggula ndu
n | kaumnbal lo
la tubato m
byahe lon.
Malmeo mabinasa umengka
pakasingaw o gasambelan.

Pangingilc

katawan nin pa Malalayon so sustansya na

pegken nilan.

Gapakay peg ani apya ngin agay.
Aren so sustansya na pegkanin
na mg kambing.

MGA PANTAKAN
SAKABAGUMBAL
SATAPAY NA
UTAN

Pamili ka ndu pamulc
parnulan.

Ani kaso pamulan ning
na gapakay ren.
Anggit ka gagan lusa pagumbalan sa
tapay na utan

Isasik ningka sa mapya i mga tapay
na utan e n lon
Dapengi ka ndu ikit ningka sa mapya.
Padtaray ka matangin sekanin sa 21
tarman 60 gay.

Ukati ka sa mapya tupan ka ipakan sa
mga kambing ningka.

Di ka bon gayd malugi sa
kapamula ningka.

" Mal'mo bo temon ndu di
amapya : -

mal'mo mabinasa

sa tempo

Maka sigo ka sa aren makan na
kambing ningka sa salagon.

Gapakay ningka sekanin

gamitin apya ndaw



2.5.3. Dr. Josephine R. Migalbin’s Certificate of recognition as
a resource speaker for the Technology and Knowledge
Enterprise Packaging and Learning Module Development
Workshop, 2019.

HEGOGNITION

JOSEPHINE R. MIGALBIN

heid on Nowember 28-29, 2019 at the Administraion Buliding Skyroom,
University of Southern Mindanao, Kabacan, Cotabato,

Given this 29" day of November 2019,

FRANCISCO GIL N. GARCIA, RPAE, PhD
SUC President IV

By Authority of the President:

S
B EnP
mﬁgk"m“"‘._'}mm g
u“ el



2.5.4. Dr. Josephine R. Migalbin’s certificate as the
distinguished speaker in the BLUE ECONOMY FORUM, 2023.

2.5.5. Dr. Josephine R. Migalbin’s certificate as a resource

speaker on Regional Training of Trainers on Small Ruminant
(Goat & Sheep) Production and Management, 2023.

1 OF
f“?:.‘:?:‘ﬁ Repubiic of the Phil ‘
—I3 T4 o -
s N i mm‘l’u:z:: TI!M;:‘N‘;‘IHSTITUTE ' c FI D P
l Regional Training Center Xil é Coconut Farmers & Industry
e Brgy. Son Felipe, Tantongaon, South Cotabato Development Plan

awards this

CERTIFICATE OF APPRECIATION
JOSEPHINE R. MIGALBIN, Ph.D.

WGWWM‘Immd
nurungunummmmm(mam) and

Regional
g on July 24-28, 2023, ot
ATI Xui- Satellite g Center, U y of Southemn Mi c

Given this 28" day of July 2023,

noeE




2.5.6. Dr. Josephine R. Migalbin’s certificate as a resource
speaker on the Training-Workshop “Advancing SCSC’s Niche
through Futures Thinking Strategies,” 2024.

Republic of the Philppines T
@ SOUTH COTABATO STATE COLLEGE P T
i Brgy Dajay, Surallah, South Cotabato T

Certificate of Appreciation

is presented to

Workshop “Advancing SCSC’s Niche through Futures Thinking
Strategies” held on May 27-28, 2024 at Sa Balai Lake View Resort, Lake
Sebu, South Cotabato.

Given this 28" day of May 2024 at Sa Balai Lake View Resort. Lake Sebu, South Cotabato

= h@é::;w

and Dewelopment Vies for Academic Affairs
Ml&r—ﬂﬂ

2.5.7. Dr. Josephine R. Migalbin’s certificate as a resource
speaker on the Training of Trainers on Native Goat Production
and Management, 2024.

wt OF
s E":t\‘: Repubic of the Prappnes g’;
~ 41 ) ! m
V sﬁ-’ﬂ{" AGHCULTURAL TAABENS WSTITTE ﬁ' gcg!lggrs & Inclustry
1558

Regional 'lrﬂ\h, Canlter Xu
A Brgy. Son Feipe, Tontongon, South Cotoboto Development Plan

BACONGC PILIPINAS

Aworgs this

CERTIFICATE OF APPRECIATION
JOSEPHINE R. MIGALBIN, Ph.D.

in grotelul opp ond g of her exp as P during thy of vg of
Trainers on Native Goot Production and Manogement heid on June 3-7, 2024 ot ATI-Satellite Troining Center, USM Kobocan,
Cotobato

Given this 7 day of June 2024.

L BELDIA
oIc or Diroctor

CATALYST
CAPACITY
KNOWLEDGE BANK
— T -




2.5.8. Dr. Josephine R. Migalbin’s certificate as a resource
speaker on the Training of Trainers on Native-Cattle
Production and Management, 2024.

Wl OFf
s o \'at\%
11 Repubic of the Philippines
IRV 2 + ey NS c D
v i 'tﬁ ' :w?“ Conter X8 ?j COCOFHI!I FornPers & Indlustry
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é
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BACONG PILIPINAS

Awards this

CERTIF ICATE OF APPRECIATION
JOSEPHINE R. MIGALBIN, Ph.D.

in grateful " of her as R Speak; mmmlmut

Ga 9 rainers
on Native-Cattle F nnd 9 t hold on June 17~ =21, 2024 ot ATI~ solm Center, L
Mindanao Kabacan, Cotabato. - ik 3

Given this 21" day of June 2024

L. BELDIA
- ter Director

CATALYST
CAPACITY

KNOWLEDGE BANK
——— EEm—

Trunkkne . Website
(083) 220 1024 oti.oa govph/at-12

2.5.9. Dr. Josephine R. Migalbin, Dr. Julius Jerome G. Ele, and
Dr. Jurhamid C. Imlan as resource speakers on the Training of
Trainers on Native Goat Production and Management, 2024.

Agricultural Training Institute - Region 12
Junee 12, 2024 -

The Training of Trainers on Mative Goat Production and Management was successfully conducted

from June 3-7, 2024, at ATI-STC, University of Southern Mindanao, Kabacan, Cotabato,

This training provided participants with knowledge of the coco-based integrated farming system
(IF5), with an emphasis on native goat production and management,

Furthermore, Ms. Josephine R Migalbin, SOXAARRDEC Director, Dr. Julius Jerome G, Ele, Prafessor
V1 of the University of Southern Mindanag, Dr. Jurhamid C. Imlan, USMARC Station Superintendent
and Dr. Mark Steven A. Estefania, University Veterinarian, shared their valuable knowledge during
the training.

The training was attended by 25 participants, including 15 Agricultural Extension Workers and ten
Farmer Leaders.

This training was funded by the Coconut Farmers and Industry Development Program and
facilitated by Technical Staff, Ms. Eljean B. Villasista, and Admin Support Staff, Ms. Kristelle Ann L
Flotibhes.

Training of Trainers on Native Goat Production and Management. For ATI-12 Facebook post,
click here


https://www.facebook.com/share/p/1DrG5kr3jK/

2.5.10. Dr. Josephine R. Migalbin’s certificate as a resource
speaker on the Rubber Stakeholders Meeting/Consultation on
Rubber Pestalotiopsis Disease, 2023.

_—

Republic of the Philippines
Region XII
Province of Colabato
OFFICE OF THE GOVERNOR
Amas Kidapawan City

is awarded to

DR. JOSEPHINE R. MIGALBIN

Director, SOXAARRDEC

in grateful acknowledgement of her distinguished and invaluable
contribution as Resource Person during the Rubber Stakeholders
Meeting/Consultation on Rubber Pestalotiopsis Disease
at Capitol Rooftop, Capitol Compound, Amas, Kidapawan City.

Given this 31st day of January, 2023 at Capitol Rooftop,
Capitol Compound, Amas, Kidapawan City.

7
1//
EMMYLOU “LALA" J. TAUNO-MENDOZA, MNSA
Governor

SERBISYONG TOTOO




2.5.11. Dr. Josephine R. Migalbin attended and conducted a meeting
with the provincial governor of Basilan, Hon. Jim S. Hataman Salliman and other
stakeholders, 2023.

SOXAARRDEC, PRRI, USM meet Basilan Governor. For the SOXAARRDEC Facebook post, click
here.

e

SOCCSKSARGEN Agriculture, Aquatic, and
Research/and|Development Consortium/(SOXAARRDEC)



https://www.facebook.com/share/p/1AbYKVhasv/
https://www.facebook.com/share/p/1AbYKVhasv/

2.5.12. Dr. Migalbin, Dr. Ele, Dr. Canolas, and Sir Ricabar
invited as resource speaker during the Training on
Feednovation: A Showcase of Alternative Feedstuff and
Silage Making for the AEWs and LSA Cooperators in Region
Xll and BARMM, 2024.

Training on FeedNovation: A Showcase of Alternative FeedStuff and Silage Making for the
AEWs and LSA Cooperators in Region Xl and BARMM held August 5-9, 2024 at DA-ATI-Satellite
Training Center, USM, Kabacan, Cotabato. For ATI-12 Facebook post, click here



https://www.facebook.com/share/p/1Ck2LFSDDh/

2.5.13. Dr. Josephine R. Migalbin’s certificate as the Panel of
the Examiner during the 2022 In-House Review of CFCST held
on February 23, 2023.

Republic of the Philippines
ATO FOUNDATION COLLEGE OF SCIENCE AND
TECHNOLOGY
Doroluman, Arakan, Cotabato

\ \ \.r\

bn.IOSEPHIN Ry MIGALBIN, PhD




2.5.14. Dr. Josephine R. Migalbin’s certificate as the Panel of
the Examiner during the conduct of the USM-Graduate School
In-house Review, 2023.

GRADUATE SCHOOL

~—— APPRECIATION

is oworgded 1o

Dr. Josephine K. 7ligallin

in recognition of her valuable contributions as esteemed panelist
during the conduct of GRADUATE SCHOOL IN-HOUSE REVIEW 2023.

With her extensive knowledge, expertise, and insightful
perspectives, the panelist played an integral role in enriching the
discussions ond providing valuable insights on “Exploring New
Avenves in Graduate Research”. Her confributions greatly
enhanced the quality and depth of the discussions, fostering o
stimulating and intellectually engaging environment.

Given this 3 day of June 2023 at the USM Graduate School,
Poblacion, Kabacan, Cotabato.

ANGEL /DELA CRUZ, MST-BIO
SM-GSG President




2.5.15. Dr. Josephine R. Migalbin’s certificate as the evaluator
during the Ocular Evaluation Visit for the Agriculture
Programs in the Graduate School of Central Bicol State
University of Agriculture, 2025.

Repubbc of the Phippines
CENTRAL BICOL STATE UNIVERSITY OF AGRICULTURE
Calabanga | Pasacao | Pili | Sipocot

CERTIFICATE

OF APPRECIATION

DR. JOSEPHINE R . MIGALBIN

In grateful recognition of her outstanding service as Evaluator during the Ocular Evaluation Visat for the
Agriculture Programs in the Graduate School of Central Bicol State University of Agriculture hedd on April
7-8, 2025 at the Cenlral Bicol State University of Agriculture, San Jose, Pili, Camannes Sur

Given this 9™ day of Apnl 2025 at the Farmer's Training Hall,
Cenltral Bicol State University of Agnculture, San Jose, Pili, Camarines Sur




2.5.16. Dr. Josephine R. Migalbin’s certificate as evaluator of
the Mid-year In-house Review on July 27, 2023, at

Multi-purpose Hall, Administration Building, SKSU-ACCESS,
EJC Montilla, Tacurong City, Sultan Kudarat.

Ao\
CERTIFICATE &

OF APPRECIATION

is given to
ﬂéep/me % @%@aﬁ% 7 %S
in gfateful and sincere appreciation of the invalugble expert services rendered

as EVALUATOR during the Mid-year In-house Review on July 27, 2023, at
Multi-purpose Hall, Administration Building, SKSU-ACCESS, EJC Montilla
Tacurong City, Sultan Kudarat.

Given this 27th day of July, 2023,

= f"‘z %
JULIE E. ALBANO SAMSON L. MOLAD

VP for RDEE University President'




2.5.17. Dr. Josephine R. Migalbin’s certificate as evaluator
during the 3rd Quarter 2024 Research Proposals In-House
Review, SKSU.

COTABATO STATE UNIVERSITY i
OFFICE OF THE RESEARCH PROGRAMS —

CERTIFICATE

'\\ OF APPRECIATION

22
ach

THIS CERTIFICATE IS AWARDED TO

JOSEPHINE R. MIGALBIN, Ph.D

o

o
O

In Recognition of her expertise contribution as Panel of evaluator during the 3rd Quarter
2024 Research Proposals In-House Review held on September 9-10, 2024 at D&M Resto,
Cotabato City.

Given this 10th Day of September 2024 at Cotabato City.

g Y-t
TENG A. M, PH.D.
— / VICE PRESIDENT
/14, RESEARCH, EXTENSION , AND RESOURC
- CENERAL
SEMACG. ED.D.
/ INIVERS ESIDENT

E




2.5.18. Dr. Josephine R. Migalbin’s certificate as evaluator
during the 2023 Regional Joint In-House Review for Research,
Development, and Extension Research Proposals, SCSC.

— Republic of the Philippines A 22 X
@ SOUTH COTABATO STATE COLLEGE / @ .

Brgy. Dajay, Surallah, South Cotabato ")

Telefax No. 083-238-5143 | southcotabatostatecollege@gmail.com

CERTIFICATE OF APPRECIATION

Sosephine R. Migalbin, PhD. I

for being a Panel of Evaluators during the 2023 Regional Joint In-House Review for
Research, Development, and Extension Research Proposals on February 27, 2023
held at Greenstate Suites, Koronadal City, 9506 South Cotabato.

4 ) _
DEX% NECOR, Ph.D. ROSEMARIZS DIAMONON, Ed.D.
Director, Research & Development Vice-President for Academic Affairs

EDWARD Lovm@ismammes, Ph.D.
SucC tl

By



2.5.19. Dr. Josephine R. Migalbin’s certificate as evaluator
during the 2022 In-House Review of Research Proposals held
on June 27-28, 2022, at Cotabato State University.

e Re_publl::: uf -the Philippines
Cotabato State University

Office of the Research Programs
Sinsuat Avenue, Cotabato City

is given to

e

> Dr. Josephivie X. Migalbin

for her invaluable contribution as member of the Panel of Evaluators
during the 2022 In-House Review of Research Proposals on June 27-28,
2022 ot Cotabato State University.

Given this 28th day of June 2022 at Audio-Visual Room,
Cotabato State University, Cotabato City, BARMM.

i
Prof. SEMA NA, Ed.D.
____UniversityPresident




2.5.20. Dr. Josephine R. Migalbin’s certificate as panelist
during the conduct of the “PRRI Midyear Review 2022” held
on July 7-8, 2022.

-~ ;_ 9
Philippine Rubber Research Institute “ﬁ,,?_gﬁz_,
Complex, Sanito. Ipi, Zamboanga Sbugay

awards this

CERTIFICATE OF APPRECIATION

DR. JOSEPHINE R. MIGALBIN

for her invaluable suppori being one of the panelist during the conduct of
“PRRI Midyear Review 2022" on July 7-8 2022

Given this 8™ day of July, 2022 at PRRI Conlerence Room,
Sanilo, Ipil, Zamboanga Sibugay

Héﬁ%ﬁé Gnm:m,z:;nn

3 ﬂ'nlm‘: IIDE Cﬁmﬂtu OIC - Executive Director




2.5.21. Dr. Josephine R. Migalbin’s certificate as mentor of the
Manna Farmers Agriculture Cooperative on the business plan
making at Inas, Mlang, Cotabato, 2021.

ANNA"EARN RS f“{Fth"_: W’@ E @U E’D@ﬂﬂm

ERTIFICATE OF APPRECIATI-'_

This certificate Is presented to:

| DR. JOSEPHINE R. R. MIGALBIN

ll recognition of your tireless effort and constant supportiin mntoring

[Business;Plan Making at Inas, Mlaiig)\Cotabato
’:”f‘r;ﬂﬁlib(ﬂhd:[]cﬁm




2.5.22. Dr. Josephine R. Migalbin’s certificate as presenter for
the College of Agriculture during the USM FY 2019
Performance Review and Evaluation.

Republic of the Philippines
UNIVERSITY OF SOUTHERN MINDANAD
Kabacan, Cotabato 9407

CERTIFICATE

JOSEPHINE R. MIGALBIN

for her invaluable service as Presenter of the College of Agriculture
during the USM FY 2019 Performance Review and Evaluation,
held on January 27-28, 2020, thereby contributing
immensely to the success of the event.

Given this 28® of January 2020 at University of
Southern Mindanao, Kabacan, Cotabato

FRANCISCO GIL N. GARCIA, RPAE, PhD
SUC President IV

By Authority of the President:

v@‘uxmn&, EnP
Drecie, Resource Management and Dev 1 Office




2.5.23. Dr. Josephine R. Migalbin’s certificate as presenter for
the research title “Development and Acceptability of
Mutton-Based Food Products for Emergencies” during the
USM YEAR-END 42nd IN-HOUSE REVIEW 2022.

Republic of the Philippines
UNIVERSITY OF SOUTHERN MINDANAD
Kabacan, Cotabato 9407

CERTIFICATE
of Recognilion

s awarded lo

JOSEPHINE R. MIGALBIN

for presenting the paper enliticd
“Development and Acceptability of Mutton-Based Food Products for Emergencies™
during the USM YEAR-END 42™ IN-HOUSE REVIEW 2022, held on December 1-2,
2022, thereby contributing immensely lo the success of the event.

Given this 2™ of December 2022.

FRANCISCO GIL N. GARCIA, ABE, PhD
SUC President IV

By Authority ol the President

E E. LERIOS, Ph.D
CC-Larector, Resource Monagement and Dev'l Otihce




2.5.24. Dr. Josephine R. Migalbin’s certificate as presenter for
the research title “Development of Video Materials on Organic
Production of Indigenous Vegetables for Dissemination”
during the USM YEAR-END 42nd IN-HOUSE REVIEW 2022.

UNIVERSITY OF SOUTHERN MINDANAO
Kabacan, Cotabalo 9407

CERTIFICAT

of Recogndlion

is awarded to

JOSEPHINE R. MIiGALBIN

for presenting the paper entitied:
“Development of Video Materials on Organic Production of Indigenous Vegetables [
Dissemination” during the USM YEAR-END 42™ IN-HOUSE REVIEW %; et il
December 1-2, 2022, thereby contributing immensely to the success of the event

Given this 2™ of December 2022.

FRANCISCO GIL N. GARCIA, ABE, PhD
SUG President IV

By Authority of the President

E E. LERIOS, Ph.D
OC-Dwrecion &mctmmﬂwlw.

‘H—hv-m‘....._._ . Nk i



2.5.25. Dr. Josephine R. Migalbin’s certificate as presenter for
the research title “Cultural Management of Stingless Bees for
Sustainable Honey Production” during the USM YEAR-END
42nd IN-HOUSE REVIEW 2022.

UNIVERSITY OF SOUTHERN MINDANAO
Kabacan, Cotabato 9407

GERTIFICATE

Rl

JOSEPHINE R. MIGALBIN

ol rm'\ul inable H . Production™ d the
- ¢ Stingless Bees for Sustainable Honey " during
( g:%ﬂ%’?.nﬂ&semmn held on December 1-2, 2022,
u I!,mummmwﬁwmdMMm

Given this 2™ of December 2022,

FRANCISCO GIL N. GARCIA, ABE, PhD
SUC President IV

By Authonty of the President

E E. LERIOS, Ph.D
OIC-Dwector. Resource Management and Dev’l Offce




2.5.26. Dr. Josephine R. Migalbin’s certificate as presenter for
the research title “USM Halal Love ko ’to! : Futures Initiatives
on Halal Smart Product Developments and Innovations for
2050” during the FuturesPhil 2024 Conference.

2024W

onte as K iy @=p FUTURESPHIL aucusr
FOIURES LAD e - A Vet O CO‘\“; M 22-24, 2024

CERTIFICATE OF RECOGNITION

is hereby presented to
JOSEPHINE R. MIGALBIN, PHD

for having presented the paper titled "USMHalal Love ko ‘tol: Futures Initiatives on Halal Smart Product
Developments and Innovations for 2050" during the FuturesPhil 2024 Conference held on August 22-24. 2024
the Manila Prince Holel, Manila City, Philippines.

Hiraya Manawan!

{ﬁu) %\ DI
ﬂﬂ)ﬁd (] !-M MNAI Doumno oR mgm MR lNN&NUIL DE GUIA
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2.5. Dr. Josephine R. Migalbin’s certificate as resource
speaker during the Strategic Workshop: Crafting a 5-Year
Roadmap for the Halal Food R&D Facility Project and
Developing a Short Course Curriculum for Halal Science and
Management, 2024.

_ Republic of the Philippines
* NUEVA ECIJA UNIVERSITY OF SCIENCE AND TECHNOLOGY

F ¢ Cabanatuan City, Nueva Ecija, Philippines
0 150 9001:2015 CERTIFIED

CERTIFICATE OF RECOGNITION

is hereby awarded to

DR. JOSEPHINE R. MIGALBIN

for imparting her invaluable knowledge and expertise as
RESOURCE SPEAKER during the -

STRAIEGIC WORKSHUF :

Crafting a 5-Year Roadmap for the Halal Food R&D Facility Project and
Developing a Short Course Curriculum for Halal Science and Managament

held on July 11-13, 2024 at Rico Fajardo Hall, NEUST Sumacab Campus, Cabanatuan City.

Given this Ifday of July, in the year of our Lord, two thousand twenty-four at
the Nueva Ecija University of Science and Technology, Cabanatuan City, Philippines.
¥

Canbact e (OTI7) 4TM. ¥¥)
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2.5.27. Dr. Julius Jerome G. Ele Presentation for the Ingat
Hayop Roadshow

wBe
QORISR %%

INGAT

NS ¥ @9
ROADSHOW

A Regional Campalgn and Awarensss Seminar on Avian Influsnzs
and African Swine Faver ! l

2.5.28. Dr. Julius Jerome G. Ele and Sir Ryan Z. Gonzaga’s
certificate of copyright registration for the ADC-Animal Diet
Calculator FeedmixJR.

Republic of the Philippines
INTELLECTUAL PROPERTY OFFICE OF THE PHILIPPINES
Bureau of Copyright and Related Rights
Taguig City, Philippines

&c%m&‘ /83/7%/{? Legistiction

Transker Certificate No. 2022-01304-N-TCCR

Be it known that on May 23, 2022 the UNIV 1 . Kabacan, Cotabato caused the recordation and
transfer in its name, the copyright of the work with the lollowing specifications:

Title ADC - ANIMAL DIET CALCULATOR FEEDMIXJR

Author(s) ¢ Julius Jerome G. Ele and Ryan Z Gonzaga

Class ¢ Class N (Computer programs, software, games, applications)

Creation Date ¢ March 19, 2022

Period of Protection Lifetime of the last surviving author and for fifty (5%0) years after the said author’s death

By virtue of a notarized Deed of Assignment dated April 7. 2002 ewcuted by JULIUS JEROME G, ELE and BYAN Z GONZAGA and
duly recorded in this office on May 23, 2023 The transfer/assignment of copyright shall not atfect the copyright tenm or period of
protection of the copyrighted work as indicated in this Transder Certificate of Copyright Registration

The mecordation of copyright transfer is submitted to the National Library of the Philippines (NLFP), through the Intellectual Property
Office of the Philippines (INOI'HL), for the purpose of completing the records of the NLP in accordance with Section 152 of Republic
Act No. 8293, the Intellectual Property Code of the Philippines

Sy

ATTY. EMERSON G. CUYO
Director IV
Burcau of Copyright and Related Rights

lssued on May 24, 2022 in the City of Taguig, Philippines.




2.5.29. Dr. Julius Jerome G. Ele Letter of Authorization as
Resource Speaker for the National Organic Agriculture
Congress 2023.

Republic of the Philippines Bhmogemst
Kabacan, Cotabato 3w 7
UNIVERSITY OF SOUTHERN MINDANAO )

Tel. No. obg-573-2138
email address: op{@usm. edu.ph

AUTHORIZATION

LIUS JEROME G. ELE to participale in activities that involve the

This is to grant auvthorization to JU
in MNATIONAL ORGANIC

rendering of Professional/Expertise-based Services as SPEAKER
AGRICULTURE CONGRESS 2023.

As Resource Person/Speaker
urce person in workshops,

Resource Person: JULIUS JEROME G. ELE is authorized to act as a reso
d knowledge will provide

seminars, conferences, and other educational events. His expertise an
valuable insights and enhance the learning experience of participants.

This authorization is valid on March 22, 2023 unless otherwise specified. The faculty member is
tual agreements related

expected to adhere to all institutional policies, ethical guidelines, and contrac
to their involvement in these activities.

Sincerely,

GEOFFRAY%T‘PhD
j airs
ddrao

Vice President for Academ
University of Southern Mi

Noted by:

FRANCISCD GIL{M/ GARCIA, PhD

SUC Presidgnt IV
University of Southern Mindanao

March 21, 2023

CERTIFIGH] TRUE COPY:

MARG . GALANG
CHIEF ADMINISTRATIVE OFFICER
University of Southern Mindanao

Data:

“UNITY IN DIVERSITY AND

SUSTAINABLE DEVELOPMENT IN e
MINDANAO THROUGH QUALITY AND RELEVANT EDUCATION.



2.5.30. Dr. Julius Jerome G. Ele proof of participation in the
NOAC 2022 as a resource speaker.

BT, 24 ik Lk
P ' ¥ of Southem Lhad < PARTICIPATION I THE HOAC 3033 A% A RESOURCT SPTEARCH

lbﬂ'l o
o TR Jullus Jeroma Ele <[|gelefivsmoedu.ph>

21

PARTICIPATION IN THE NOAC 2022 AS A RESOURCE SPEAKER
& missages

NOAP Advocacy Divislon <advecicy.noapigmail.com>
Ta: Jpelei@usm.aduph

Good day, Dr. Ele!

In redation with your ablondance a5 a resounce speaker in the upcoming NOAC 2022 in November al iha Unhersity of
Southarm Mindanaso In Kabacan, {:glab:rln wi woulkd e bo requost foe the follwing maladals which will ba a part of the

Congress” confgnence
+ Abstrect of your ruswnhpnpe
+ Extended uhsn:l.m includes tho mnruw: of the research (rationale, objectivas, design and methodology,

findings, conchesion, and ecommandations)
Hhﬂriﬂywrumﬂadabsm from 3-5 pages, A4 sre. You may use any readable font size
{Cambria, Calibr, Arial, or Timas New Roman) and use a size 12 font size;
Full copy of your rasearch paper;
Biriaf profile of the author,
Fommal picture of the author

« Kindly submit a HDMigh resohddion pholo as this will also be usad in the Congress” promotional
malarials such as tarpauling, banners, olc
May we requast fo receive the above mentioned materals on or before 23 Seplember 2022, This i to give ample time fior
our pariners from the University of Southam Mindanao o lock ovar the malarials and submit them for layouting and
printing.
You may reply in this email thread should you have further concems reganding this matier,

Man, Sep 10, 2022 al 12:44 FM

Thank you very much.

ADVOCACY DIVISION
HATIONAL ORGANIC AGRICULTURE PROGRAM

Department of Agriculture
4th floor, Departmant of Agriculure, Elptieal fa., Diiman, Dueron City

Contact No.: (02) £941-8143 | Loc: 3320

Tue, OcM ZOZZHEIZAM

NOAP Mimm; Divisbon <advocacy.noapi@gmail com>
Te: fgeleg@usmuadu.ph

Goad day, Dr. Ele!

mmmmmmm tha frllsraing matorals that wo { lact Soplambor 10, We will bo using theso
uaslad materials for the production of the Congress' caonforence procasadings.

Thark you viery much,
[t st bdcien]

Hia T e ACTC LISERDianbicpLUiniversdty of Soulfeen Mndanss Mad - PARTICIPATION 14 THE NOAC 2027 AS A RESOURCE SPEAKER R ]

CERTIFIED/TRUE COPY:

MARGIE N. UAN-GALANG
Chiel Agministrative Officer



2.5.31. Dr. Julius Jerome G. Ele’s Certificate of Recognition for
the 17th NOAC.

“ O

CERTIFICATE OF RECOGNITION

is presented to

Julius Jerome G. Ele, PhD

RESOURCE PERSON

and innovations in organic agriculture during the ac) withs
4 30 Ovpamicing Agrkuturang Snotasst™ o March 71 - 24, 2073 at the University of
outhern Mindanao, Kabacan, Cotabato

e thermie, “Mouniod na Pagiasoba, Garo

competence, dedication, and contribution in achieving a globally competitive and sustainable organic agriculture

ry deserve the people’s gratitude and admiration.

Given this 24th day of March in Kabacan, Coubato, Philippines.

CERTIFIED, UE COPY:

FRANCISCO GiL M, ABE, PhD
Fresicen, | i, of o Mireanas

fron
(OAC ¥ Acderne Repeesentative

MARGIE M. N-GALANG
Chiel Agmanistrative Officer

2.5.32. Dr. Julius Jerome G. Ele and Dr. Mary Joy S. Canolas
delivered their respective research topics at the National
Organic Agriculture Congress 2023.

For Mindanao Tech News, click here

The Mindanac Tech

2, 2021 - @

¢S

17th NOAC Day 2: Rezearch sympetiumse on fertilizer. crope, rice, paultry, and lvestock are the
center of th Mational Organic Agriculture Congress (NOAC) in the
University ef Southem Mindanao (USM), Kabacan. Cotabato.

A variety of new organic fertlizing technigues and methods were presented earlier at the University
Commercial Building. These include the ut n of vesicular arbuscular mycorrhizal root
inoculant (VAMRI) technology as a substitute for chemical inputs for sustainable food production
microbial-based concoctions, and removal of antibiotics in manure thru bio-inoculant-induced
composting.

n crop. quality and safety management is the subject matter among seven researches presented
that count the usage of botanicals against fruitworms and black mold leaf disease-causing
Psuedocercospora i mato and the development. improvement and optimizar f postharvest
handling protocols, to name a few

Additionally. indigenous microorganisms (IMOs) and Aktrine 4.6 5L (Matrine) were also presented
as control agents against common rice pests black bugs. rice bugs. and white stem borers.

Feeding systems for chickens, nile tilapia. and dairy goats are among the stars for the poultry and
of improved Phil ppm! mallard duck under inte
management system and growth and carcass performance of white leghorn under extensive
rearing system were presented.

Rice. poultry and livestock research symposiums were held at the College of Arts and Social
Sciences (CASS) and University Skyroom, respectively. In the aftemoon, the 17th NOAC was closed
at the University Commercial Building right after the simultaneous symposium:

#MTSpecialCoverage

#TheMindanaoTech

#MakeAChangeTellTheTruth

#MTarce

&£ Rico John Gorieza | MT QIC-Editor in Chief

i Jan Roy Untalan, Haznar Undeng, & Salahudin Salagia | MT Photojournalists: Trizha Lascunas &
Jedel Hope Castillo | MT Intemns


https://www.facebook.com/share/p/1AKxBZkg6z/

2.5.33. National Organic Agriculture Congress 2023
Proceedings

CERTIFIED/ TRUE COPY:

. GALANG
cm%‘w:-nm RATIVE OFFICER
University of Southzm Mindanao

Data:

------

Conference
Proceedings

Maunlad na Pagsasaka,
Garantisado sa Organikong

E 3 Agrikulturang Sinaliksik
e March 21-24, 2023
R UNIVERSITY OF SOUTHERN MINDANAO

KABACAN, COTABATO



2.5.34. Dr. Julius Jerome G. Ele’s certificate as judge of the
Oral Scientific Paper Presentation (Undergraduate Category)
during the 60t PSAS Scientific Seminar and Annual
Convention and 7th International Livestock Biotechnology
Symposium, 2023.

The PHILIPPINE SOCIETY OF ANIMAL SCIENCE

awards this

CERTIFICATE OF APPRECIATION

to

DR. JULIUS JEROME G. ELE

for serving as a Judge of the Oral Scientific Paper Presentation
(Undergraduate Category) during the 60" PSAS Scientific Seminar
and Annual Convention and 7th International Livestock
Biotechnology Symposium with the Theme: Strengthening the
Animal Industry Towards Resiliency.

Given this 19" day of October 2023 at Bohol Tropics Resort, Tagbilaran

City, Bohol.
o f/ & %
JOSEPH F/DELA CRUZ, DVM, PhD CARO B. SALCES, PhD
Cha¥f, 2023 Scientific Paper President, PSAS 2022-2023

and Poster Committee

2.5.35. Dr. Julius Jerome G. Ele served as the peer reviewer
for the Journal of Agricultural Research, Development,
Extension, and Technology (JARDET) in 2021.

Awarded with thanks to:

JEROME JULIUS G. ELE

in recognition of your significant contribution as

Peer Reviewer

for the
.77/ Journal of Agricultural Research, Development,
Extension, and Technology (JARDET) in 2021

Thank you for sharing your time and expertise. Your dedication as a reviewer is important in
upholding the quality and academic integrily of scientific research.

MA. T RA N. CABASAN

Editor-in-Chief
JARDET, Official scientific peer-reviewed journal of the University of Southern Mindanao, Philippines
www jardet usm.edu.ph

""h ISSN (print) 2704-3746; foriine) 2704-3754
it




2.5.36. Dr. Julius Jerome G. Ele’s certificate as a resource
person during the “Training on Intellectual Property
Protection and Patent/Utility Model Application,” 2024.

&' o . University of Southern Mindanao A ) I'-E
~R Research, Development and Extension ey
Kabacan, Cotabato ) ==

This
a Z ) @ E ;‘-‘ ﬂ z z 0
is awarded to
Dr. Julius Jerome G. Ele
for fis unwavering support as a resource person during the “Training on Intellectual

Property Protection and Patent/Utility Model Application”, held on Apnil 24, 2024
at the Skyroom, Administration Building, University of Southern Mindanao,

Kabacan Cotabato,
Given this 24* day of April 2024. 4 g
A |
Jalaloden B. Marohom i Ma. Toom-ﬂuun ’
Head, USM IP-TTBDO Deb ﬁ:\-‘: Y Project Leader, USM Futures Thinking
Vice P, for Research, Development and
- Extenslon -

2.5.37. Dr. Julius Jerome G. Ele’s certificate as a resource
person during the Training on Feednovation: A Showcase of
Alternative Feedstuff and Silage Making for the AEWs and
LSA Cooperators in Region Xll and BARMM, 2024.

P Repulic of the Phiippines 0 ey,
£ % Department of Agriculiure F —i‘i
§ g ) ]
§\ /2" __ AGRICULTURAL TRAINING INSTITUTE N7
i il Regional Training Center XII 7l m
BASONS FRIWAS a T E“\[]r: elipe, Tantangan, South - aEw
Cotal |

CERTIFICATE OF APPRECIATION

JULIUS JEROME G. ELE, Ph.D.

In grateful appreciation and acknowledgment for his valauble knowledge and expertise as Resource Peron during
the Training on FeedNovation: A Showcase of Alternative Feedstuff and Silage Making for the AEWs and LSA
Cooperators in Region XIl and BARMM held on August 5-9, 2024 at DA ATI- Satellite Training Center, USM, Kabacan
Cotabato.

Given fhis 9th day of August 2024,
o

SHIRLEY L. BELDIA

0IC Center Director

CATALYST
CAPACITY BUILDER
KNOWLEDGE BANK

Trunkdine: Website
.rmlm:m .unmp-mfw“



2.5.38. Dr. Julius Jerome G. Ele’s certificate as a resource
speaker during the Echo Seminar & Workshop on Technology
Commercialization Mentorship Series, 2024.

| e ST TR

© L 3 rRarse
CERTIFICATE OF APPRECIATION

This certificate is presented to

. ) | |
Julius Jerome G. Ele
in grateful recognition for invaluable contribution as resource speaker during

ECHO SEMINAR & WORKSHOP ON TECHNOLOGY
COMMERCIALIZATION MENTORSHIP
held on October 14-15, 2024.
Given this I5th day of October 2024 at Cotabato State University, Cotabato City,

Philippines.
Jr '
PROF: 3?3;\ G. DILNA, EdD JOSEPHINER, MIGALBIN, PhD
Unlwersity President RAISE, Program Leader

[\ |

2.5.39. Dr. Geoffray R. Arok’s certificate as a Focal Person
during the SUC-ACAP Initiated Online Licensure Examination
for Agriculturist (LEA) Review Classes, 2021.

STATE UNIVERSITIES AND COLLEGES-ASSOCIATION OF COLLEGES OF
‘ AGRICULTURE IN THE PHILIPPINES, INC. (SUC-ACAP, INC.)

cavendly thi

CERTIFICATE OF RECOGNITION

t

Dr. Geoffray R. Atok

for thAe invaluable service, dedication, and expertise as
Focal Person during the SUC-ACAP Initiated Online Licensure Examination for
Agriculturist (LEA) Review Classes
from July 5, 2021 to November 30, 2021.

Given this 30th day of November, 2021.

LUALHATI M. NORIEL EDGARDO E. TULIN

SUC-ACAP LEA PROGRAM SUC-
COORDINATOR UC-ACAP PRESIDENT




2.5.40. Dr. Geoffray R. Arok’s certificate as a resource speaker
in the Training Course on Artificial Insemination for Large
Ruminants, 2024.




2.5.41. Dr. Geoffray R. Arok’s certificate as a resource speaker
on the Basic Training Course on Artificial Insemination and
Pregnancy Diagnosis for Large Ruminants, 2025.

Certificate

GEOFFRAY R. ATOK, PhD

as

RESOURCE SPEAKER

on the

Basic Training Course on Artificial Insemination and
Pregnancy Diagnosis for Large Ruminants

Philippine Carabao Center, USM Kabacan, North Cotabato
March 18-April 15, 2025
AGR-2023-045-1807
6 CPD Units

TSNy
\ ALICIA aﬂglgs D. NEBREJA /

ATI-RTC XI, Center Director




2.5.42. Dr. Geoffray R. Atok as a resource speaker during the
conduct of the Basic Training Course on Artificial
Insemination and Pregnancy Diagnosis for Large Ruminants,
2025.

15 Al technicians take off for livestock upgrading in the Davao region. For DA-Philippine
Carabao Center at USM Facebook page post, click here

2.5.43. Dr. Geoffray R. Arok’s certificate as a resource speaker
and facilitator during the conduct of the Basic Training
Course in Artificial Insemination and Pregnancy Diagnosis for
Large Ruminants, 2024.

o, te
f‘:‘;-'v\ iy REPUBLIC OF THE PHILIPPINES S
V W W DEPARTMENT OF AGRICULTURE
7 INI[DE) PHILIPPINE CARABAO CENTER AT UNIVERSITY OF SOUTHERN MINDANAO
o g | WUESis NATIONAL DAIRY AUTHORITY - SOUTHERN MINDANAO

awards this

Certificate of Appreciation
GEOFFRAY R. ATOK, PhD

In grateful r ition and acknowled| of his expertise as resource speaker and facilitator during the conduct of the
BASIC TRAINING COURSE IN ARTIFICIAL INSEMINATION AND PREGNANCY DIAGNOSIS FOR LARGE RUMINANTS held
on September 2 to 30, 2024 at DA-Philippine Carabao Center at University of Southern Mindanao, Kabacan, Cotabato.

Given this 30" day of September 2024.

MARLON C. FLORES
DA-NDA Jouthern Mindanao
0IC- Department Manager



https://www.facebook.com/pccusm?__cft__%5B0%5D=AZaLqCzb8fzA14SGERAUX2QwTXeF3hb6brTCRq7BmfxtspgJhTtfvrxKAGQiCGDdMd8oTCKQ9FIpBGOwjkgZPDgqTMQnuCN_pGWWLuxqmENadlMEYFG0ZmzETRfimWSB08trBfoccCSOLuU1QADUcBFTl50ShhdwZ20aN1mCX9vyFfS5PwNcMToyHegBWcINQ_0&__tn__=-UC%2CP-R
https://www.facebook.com/pccusm?__cft__%5B0%5D=AZaLqCzb8fzA14SGERAUX2QwTXeF3hb6brTCRq7BmfxtspgJhTtfvrxKAGQiCGDdMd8oTCKQ9FIpBGOwjkgZPDgqTMQnuCN_pGWWLuxqmENadlMEYFG0ZmzETRfimWSB08trBfoccCSOLuU1QADUcBFTl50ShhdwZ20aN1mCX9vyFfS5PwNcMToyHegBWcINQ_0&__tn__=-UC%2CP-R
https://www.facebook.com/share/p/17rCPSTmX8/

2.5.44. Dr. Geoffray R. Arok’s certificate as a resource speaker
on Basic Artificial Insemination (Al) of Large Ruminants for
the Agricultural Extension Workers (AEWSs)/AI Technicians in
Region Xll & BARMM, 2024.

3 ar q OF
Repulic of the Philippines 9"‘.\-,#’1. “f ot

"' R: Department of Agriculture Faiifi=g AT
U8 AOCUTURALTRAINNG INSTTUTE 5 W = : v i_
W Regional Training Center XII il fe
ﬂ Brgy. San Felipe, Tantangan, South e - i
Cotabato

Awards this

CERTIFICATE OF APPRECIATION

GEOFFRAY R. ATOK, PhD.

in grateful appreciation and acknowledgement of his expertise as Itesnurce Person during the Training on
Basic Artificial Insemination (Al) of Large inant for the Agricul kers (AEWSs)/ Al
Technician in Region XII & BARMM in coﬂaboranon with the Philippine Carabao Center (PCC) at USM held
on July 2-31, 2024 at ATI-Satellite Training Center, USM, Kabacan, Cotabato Province.

Given this 4th day of July 2024.

SHIRLEY L. BELDIA
0IC Center Director

Ho.: AGR-J01-0231525
CATALYST Credit Unit: 16 points for Agriculturit
KNOWLEDGE BANK Eo S Muca: Jaay B T2
T e i -

2.5.45. Dr. Geoffray R. Atok as a resource speaker on the
training on Basic Artificial Insemination (Al) of Large
Ruminant for the Agricultural Extension Workers (AEWSs)/AI
Technicians in Region XIl & BARMM, 2024.

LOOK]| July 2, 2024-- The Agricultural Training Institute-Regional Training Center Xll (Livestock
Program), in partnership with the Philippine Carabao Center (PCC)- USM and other livestock
agencies, launched its Basic Training Course on Artificial Insemination (Al) of Large Ruminant
for AEWs/AI Technician in Region Xl and BARMM at ATI - STC, USM, Kabacan, Cotabato. For
ATI-12 Facebook post, click here.

BASIC TRAINING COURSE ON ARTIFICIAL INSEMINATION (Al)

loo' OF LARGE RUMINANT FOR AEWS/AI TECHNICIAN IN

REGION XII AND BARMM
JULY 2- 31, 2024 ATI-STC XII, USM, KABACAN, COTABATO.


https://www.facebook.com/share/p/1We4yT2KnP/

2.5.46. Dr. Geoffray R. Arok’s certificate as a resource speaker
on the conduct of the Basic Training Course on Artificial
Insemination and Pregnancy Diagnosis for Large Ruminant,

2025.
|

o OF Aoy,

ch

H.:wﬂkof he Philippine:
Oepartmentof Agricuflure

o
o,

H

” AGRICULTURAL TRAINING INSTITUTE

F A
L4
iz
REGIONAL TRAINING CENTER XI
’ﬂ l ‘ Brgy. Datu Abdul Dadla, Panabo City, Davao del Norte 8105
‘ t.ga: cgatidagoveh @ atids govphvati-n

00 udww

”. 7,

‘DEP
4-'?)-*
I

SHI'\

Awards this

" CERTIFICATE OF APPRECIATION
GEOFFRAY R. ATOK, PhD.

ion and ackn d, of his/her expertise as Resource Person during the conduct of Basic Training Course on
held on March 17- April 15, 2025 at Philippine Carabao

in grateful ap
Artificial and Pr i is for Large R
Center at USM, Kabacan, Coubato

Given this 15% day of April 2025.

ALICIA yﬁ D. NEBREJA

Center Director

ATI-RTC X1

CATALYST

CAPACITY BUILDER TuS sk ot
KNOWLEDGE BANK CFD Ascrediation No.: AGR-2023-845-1807
[ e 11 Date of uuance: April 15, 2029

a Email

rticl1. dec@ati.da.gov.ph




2.5.47. Dr. Geoffray R. Arok’s certificate as a facilitator during
the TOS and Test Development Refresher Workshop held on
September 7-8, 2022, at the University of Southern Mindanao

Commercial Building, Kabacan, Cotabato.

Republic of the Philippines
UNIVERSITY OF SOUTHERN MINDANAO
Kabacan, Cotabato 9407

awards this

CERTIFICATE

of Reconalen

GEOFFBAY R. ATOK

for his invaluable service as FACILITATOR during the
TOS and Test Development Refresher Workshop
held on September 7-8, 2022
at University of Southern Mindanao
Commercial Building, Kabacan, Cotabato.

Given this 8™ day of September 2022.

FRANCISCO GIL N. GARCIA, ABE, PhD
SUC President IV

By Authority of the President:

IE E. LERIOS, PhD
Director, Humn Resource Management and Dev't Office




2.5.48. Dr. Geoffray R. Arok’s certificate as a facilitator during
the Orientation on Slides Design Production held on
September 10, 2022, at the University of Southern Mindanao
Commercial Building, Kabacan, Cotabato.

a Republic of the Philippines
UNIVERSITY OF SOUTHERN MINDANAO
Kabacan, Cotabato 9407

awards this

CERTIFICATE

of Recopnde

GEOFFRAY R. ATOK

for his invaluable service as FACILITATOR during the
ORIENTATION ON SLIDES DESIGN PRODUCTION
held on September 10, 2022
at University of Southern Mindanao
Commercial Building, Kabacan, Cotabato.

Given this 10" day of September 2022.

FRANCISCO GIL N. GARCIA, ABE, PhD
SUC President IV

By Authority of the President:

IE E. LERIOS, PhD
Director, Humah Resource Management and Dev't Office

' s
I LD-UQI-OOE ‘



2.5.49. Dr. Geoffray R. Arok’s certificate on his invaluable
services and sharing of his technical expertise as evaluator
during the Research for Development 31st Agency In-House
Review held on October 13-14, 2022.




2.5.50. Dr. Mary Ann B. Rama'’s certificate as a resource
speaker on the BROILER PRODUCTION topic during the
A.lLM.S. Discussion Series (Development and Characterization
of Plant-based Protein-rich Halal Feeds for Broiler Chicken
Production), 2024.

Republic ot the Phillppines

UNIVERSITY OF SOUTHERN MINDANAO

COLLEGE OF AGRICULTURE
KABACAN, COTABATO

CERTIFICATE

OF APPRECIATION

is presented to :

Moy Gton B, Fama. s

for his invaluable time and expertise as the Resource Speaker on the BROILER PRODUCTION
topic during the A.L.M.S Discussion Series (Development and Characterization of Plant-
ased Protein-rich Halal Feeds for Broiler Chicken Production) held on December 03, 20
e Cfas Room 8, USM KABACAN COTABATO USM-Kabacan. Given this 3rd day of Decerg

-

RONRICK [fﬁﬂ“s.acnsm VIC LAURENCE/P. OLIVA, M
, Animal Sclknce Soclety President DepartmentChalrperion




2.5.51. Dr. Josephine R. Migalbin: USM Teknogiya sa Radyo
Episode 1

USM Teknogiya Sa Radyo - EPISODE 1: Introduction to Halal Goat Production For video, click
here

Teknogiya sa Radyo at TV Episode 1: Panimula sa Pag-aalaga ng Kambing

For video, click here

A

éﬁ’h{&'@ %ﬁﬁ
PROF.:JOSEPHINE'R: MlGAl.BlN PhD

Dean;\USM Collegefof/Agriculture
Head Small Rummant Project

Teknogiya sa Radyo at TV Episode 1: Panimula sa Pag-aalaga ng Kambing
@ ::{S:::I:s O v ﬂ; 109 q? ¢ Share i Download D Save L

2.5.52. Dr. Geoffray R. Atok: USM Teknogiya sa Radyo
Episode 2

USM Teknogiya Sa Radyo - EPISODE 2: Pasture Establishment

For video, click here

Teknogiya sa TV Episode 2: : Paggawa ng Pastulan o Forage Garden
For video, click here

;"'-GEOFFHAY ATUK
Dept nf Ammal Sclence "CA-USM:

Teknogiya sa TV Episode 2: : Paggawa ng Pastulan o Forage Garden
&:} git"jz_m JARRY: dyo1 G >shae 4 ask L Download


https://www.youtube.com/watch?v=YhHxgwLyPik
https://www.youtube.com/watch?v=YhHxgwLyPik
https://www.youtube.com/watch?v=hlPqgRxdiDY&t=192s
https://www.youtube.com/watch?v=3eh_DkQtZPU&t=1740s
https://www.youtube.com/watch?v=pp0ILIKbGLE

2.5.53. Dr. Jurhamid C. Imlan: USM Teknogiya sa Radyo
Episode 3

USM Teknogiya - EPISODE 3: Breeding and Reproduction (Part 1)
For video, click here

USM Teknogiya Sa Radyo - EPISODE 3: Breeding and Reproduction (Part 2)
For video, click here

\

\

BREEDING & REPRODUCTI

(PART 2) WITH DR. JURHAMID C. IMLAN

V3
LEKNOIRT7

USM Teknogiya Sa Radyo - EPISODE 3: Breeding and Reproduction (Part 2)
if;fi‘ USMRTV i Q. e c"‘b 5 q;" ¢ Share i Download D Save

3.01K subscribers


https://www.youtube.com/watch?v=zYoYuztIqKM
https://www.youtube.com/watch?v=Q_Li56YbeSo

2.5.54. Lawrence Anthony U. Dollente, Josephine R. Migalbin,
Len Latido, Jurhamid C. Imlan, and Eugene G. Ranjo:
SOXAARRDEC Cares

Dr. Migalbin and Dr. Imlan et al., SOXAARRDEC Cares
For SOXAARRDEC Facebook post, click here

T SOCCiKiARCEN Agriculture, Aguatlc snd Matehsl
Fessurces, Besssrch and Developmaent Corarium

.}"‘5"-"-
I,k. L _l:'- :!-l.l—-_ .lliii ill Ill'l- Cy

SOXAARRDEC Cares
Airs New Episode

LAWRENCE ANTHONY DOLLENTE, PhD
HOST



https://www.facebook.com/share/p/1BuCxto1y5/

2.5.55. Jovelyn Gesulga, Janice M. Bangoy, Mary Joy S.
Canolas, Glyn G. Magbanua: USM Extension Services:
Ugnayan Natin sa Radyo

Ugnayan Natins sa Radyo by Dr. Mary Joy S. Canolas et al. For ESO post, click here

#%, USM Extension Services
ﬁ July 10,2024 - @

ABANGAN BUKAS!

Tumutok at makinig sa ikatlong edisyon ng UGMNAYAN MATIN sa Radyo! Makakasama natin si
Professor. Jovelyn Gesulga bilang host ng programa at ang Project Leader Janice M. Bangoy pati
narin ang Former ESO Director Dr. Mary Joy 5. Cafiolas at ang bagong ESO Director Dr. Glyn G.
Magbanua, upang talakayin ang Project ng Extension Services Office ang Collaborative Networking
and Engagement for Community Transformation (CONNECT) 2024.

Makinig ngayong Thursday, July 11, 2024 sa DXVL KOOL FM 94.9 mHz, mula 10:00 am hanggang
11:00 am. Live niyo itong mapapanood sa opisyal na Facebook Page ng DXVL 94.9 News and Public
Affairs.

#GreatUSM
#ExtensionServicesOffice
#UgnayanNatin
#ESOProjects2024

Natin
TITLE: COLLABORATIVE NETWORKING
AND ENGAGEMENT FOR COMMUNITY
TRANSFORMATION “CONNECT”

MARY JOY S. CANOLAS

College of Agriculture


https://www.facebook.com/share/p/17iKNi9XZi/

2.5.56 Development of Video Materials on Organic Production

of Indigenous Vegetable for Dissemination Videos posted by
USM-College of Agriculture Facebook page

Nutritional Benefits of Indigenous Vegetables
For video, click here

e
NUTRITIONAL BENEFITS OF INDIGFN“

The USM College of Agriculture with its ion
help them maximize full potential on farm producti

Project Leader, wh ) F: mponent Leader .- arden ndigenons Vegetable®, Moreover, Dr. loseph galbin is the
Component Leader of the "Dissemination and nent of Organic genous Vegelable Video Materials®. Here are the videos for your viewing. Happy Leaming!
See less

Modified Fermented Plant Juice Concoctions
For videos, click here

re @ - Following .~ -
CONCOCTION {Hh

1 by Dr. Gelymyy. Amilbahar as
shine R Migalbin i



https://www.facebook.com/reel/1199227040989216
https://www.facebook.com/reel/1175982986658054

Indigenous Vegetables Recipes
For video, click here

The USM College of Agriculture
November 30, 2022 - &

INDIGENOUS VEGETABLES RECIPE

The USM College of Agriculture with its extension arm has a goal of supporting and reaching out
marginalized sectors and educational institution in the countryside to help them maximize full
potential on farm production by providing technical advisories especially in the production of
indigenous vegetable and other agricultural matters. The project delivered extension services
related to indigenous vegetable production and management.

The project is entitled the "“Development of Video Materials on Organic Production of Indigenous
Vegetable for Dissemination” is led by Dr. Gelyn V. Amilbahar as Project Leader, while Dr. Tamie C.
Solpot is the Component Leader of the "Model Garden for Indigenous Vegetable". Moreover, Dr.
Josephine R. Migalbin is the Component Leader of the "Dissemination and Assessment of Organic
Indigenous Vegetable Video Materials”. Here are the videos for your viewing. Happy Learning!

OD You, Chris Raphael Formacion, Halil A Zaman and 88 others 3 comments 14 shares

o Love O Comment [{) Share


https://www.facebook.com/share/v/1BmRuEKYqD/

Model Garden for indigenous vegetables
For video, click here

The USM College of Agriculture
November 30, 2022 - &

MODEL GARDEN FOR INDIGENOUS VEGETABLES

The USM College of Agriculture with its extension arm has a goal of supporting and reaching out
marginalized sectors and educational institution in the countryside to help them maximize full
potential on farm production by providing technical advisories especially in the production of
indigenous vegetable and other agricultural matters. The project delivered extension services
related to indigenous vegetable production and management.

The project is entitled the "Development of Video Materials on Organic Production of Indigenous
Vegetable for Dissemination” is led by Dr. Gelyn V. Amilbahar as Project Leader, while Dr. Tamie C.
Solpot is the Component Leader of the "Model Garden for Indigenous Vegetable®". Moreover, Dr.
Josephine R. Migalbin is the Component Leader of the "Dissemination and Assessment of Organic
Indigenous Vegetable Video Materials”. Here are the videos for your viewing. Happy Learning!

P 3517695

OD You, Jhun Jr Bayawan Lumayon, Mi Hawk and 137 others 1 comment 37 shares

o Love Q Comment ;.‘:) Share


https://www.facebook.com/share/v/1BY3DDMcRX/

2.6 Number of completed

creative

works with

(2018, 2019, 2022, 2023, 2024)

Department of Animal Science (15)

research and
awards/distinctions

Roy C. Ricabar

3rd Best Poster—Research
Category

During USM Research and
Development Symposium on
Agriculture, Aquatic, and Natural
Resources 2025

Faculty Award Date Awarded Supporting
Evidence
Julius Jerome | Gawad Likha September 27, | 2.6.1. Certificate
G. Ele 2024
Gawad Saliksik September 27, | 2.6.2. Certificate
2024 2.6.3. USM news
Gawad Lathala September 28, | 2.6.4. Certificate
2023
Josephine R. | Gawad Saliksik, USM RDE September 27, |2.6.3. USM news
Migalbin 2024 2.6.5. Plaque
Gawad Saliksik, RAISE Project September 27, | 2.6.6. Certificate
2024
Gawad Sulong sa Saliksik September 23, | 2.6.7. Certificate
2023
Josephine R. | 3rd Best Paper—Research November 03, 2.6.8. USM
Migalbin and Category 2025 Research and

Development
Facebook Page post

2024

Jurhamid C. Gawad Saliksik September 27, | 2.6.9 Certificate
Imlan 2024
Gawad Lathala, USM September 27, | 2.6.10. Plaque and

USM news




Geoffray R. Atok | Gawad Sulong sa Saliksik September 23, | 2.6.11. Certificate

2023
Mary Ann B. Gawad Saliksik September 27, | 2.6.12. Certificate
Rama 2024
2nd Place Best Paper November 29, 2.6.13. Certificate

Competition, 2024 RD&E Year-end | 2024
In-house Review USM.

2nd Place Best Poster November 29, | 2.6.14. Certificate
Competition, 2024 RD&E Year-end | 2024
In-house Review USM.

Mary Joy S. 3rd Place, Best Poster May 21, 2019 2.6.15. Certificate
Canolas Competition, 6th Student RD&E
In-house Review USM




SUPPORTING EVIDENCE FOR 2.6 NUMBER OF COMPLETED RESEARCH AND
CREATIVE WORK WITH AWARD/DISTINCTION (2018, 2019, 2022, 2023, 2024)

2.6.1. Gawad Likha Certificate awarded to Dr. Julius Jerome G. Ele for ADC-Animal Diet
Calculator FeedmixJR on September, 2022

- BGawad Likha

is awarded to

' ADC—Animal Diet Calculator FeedmixJR
JCL&UA ijmﬁ g 2022-01304-A-TCCR

for demonstrating exceptional commitment to
research through the generation and utilization
of an intellectual property asset
in the year 2023.

Grven this 27" day of September 2024,

”

Franciscg Gil ™. Garcia, PhD
C President IV
University of Southern Mindanao




2.6.2. Gawad Saliksik certificate awarded to Dr. Julius Jerome G. Ele for RAISE Program
SOCCSKSARGEN on September 2024.

' Gatwad Saliksik

is awarded to
Julius SJevome G Ele

n grateful recognition of your Regional Agri-Aqua Innovation
commitment to excellence embodied th rough

- e mpolin, 8 System Enhancement (RAISE
the research project you spearheaded in fulfifr- 4 ( )

ment of the Research, Development and Fxten- Program in SOCCSKSARGEN
sion (Rl)!')_fmu‘n'un ({!fm ‘Uruvernty.

Given this 27" day of September 2024.




2.6.3. Dr. Julius Jerome G. Ele received the Gawad Lathala award for Mangosteen Rind
Powder as a Feed Additive in Broiler Chicken Feed research in September 2023.

Asts Partie joursal of Wl fiocplinary Rasearch, Vel & N L May 210

= . " s Pow Semrwed ol
Immune Response of Broler Chickens }fai Dicts ¥
with Different Levels of Mangosteen (Garcinia g
wder Ny W0
mangostana Lina.) Rind Po -
o' R Vigeisis' Eims G Sopelagle’ F-OVEN 1Vpadl
Vorer s et svt P Gevame # Lok’ ey
Umversity of Sonthors Mimdemss. Kibarm, Combes. Plulgpaes $87
et i vkt b g vehe .a-’-p.—,—-.-.l —
wngelle i s [ et gresmaiig s

Diate Rawatvad Nowamber |1, 3017 Dave Revissd Febeusry 4. 3000

00 dry o s v rmdm b Aswelurad v By ()

s e el whrein we gt =i e @ so sem—— —— -

el dhet. ol ametemidint mcurparatad B e dun, 18 § of —p— v g by o foud 48
£ o e Y o Uy of ot and (00 g of g, i i by o o Fow avu | omd

is awarded to

ﬁa&i«a ﬁewme 7 Ele

jemonstrating exceptional commitment 1o research through his scholarly publication

Given this 28th day of September 2023




2.6.4. Dr. Josephine R. Migalbin and Dr. Julius Jerome G. Ele received the Gawad Saliksik
Award in September 2024.

) ljg—i, Home About Administration Academics RD &E RGES Student Alumni Media Q

- Gawad Lathala

a
:

ff:‘_% Researchers and Extensionists Recognized in Gabi ng Parangal

UNIVERSITY OF SOUTHERN MINDANAC

For USM news, click here



2.6.5. Dr. Josephine R. Migalbin Received the Gawad Saliksik Award for USM RDE




2.6.6. Dr. Josephine R. Migalbin received the Gawad Saliksik award for the RAISE program in

Region 12

is awarded to

Jesephine R. (Migalbin

in grateful recognition of your
commitment to excellence embodied through
the research project you spearheaded in fullill-

sion (RDE) function of the Universily.

Given this 27* day of Seplember 2024.

‘Gawad Saliksik

ment of the Research, Developmen! and Exlen-

Regional Agri-Aqua Innovation
System Enhancement (RAISE)
Program in SOCCSKSARGEN




2.6.7. Dr. Josephine R. Migalbin received the Gawad Sulong sa Saliksik award




2.6.8. Josephine R. Migalbin and Roy C. Ricabar: 3rd Best Paper—Research Category.

UNNERS F. SOUTHERN MINDANAO
Molecular Identification
of Lactic Acid Bacteria
from Job’s Tears
(Coix lacryma-jobi)

Josephine R. Migalbin
Roy C. Ricabar

e USTHY
I A7) =

] =il

Research and Development

SYMPOSIUM

an
AGRICULTURE, AQUATIC, AND NATURAL
RESOURCES

For the USM-RDE Facebook post, click here



2.6.9 USM-CA faculty received different awards during the Gabi ng Parangal, 2024.

For The AgriChronicles Facebook post, click here

icuEs)

Vanguard of the Chronlele Change”

,, AGRICHRONICLES NEWS

2024 GABI NG PARANGAL: USM-COLLEGE OF
AGRICULTURE HAILED AS THIS YEAR'S
OUTSTANDING COLLEGE

Leading with a vision for integrity and excellency, the College of Agriculture is
awarded as this year's Oustanding College in the Gawad Ulirang Sangay Category at
the 2024 Gabi ng Parangal, held at the USM Auditorium on September 27, 2024.

by shyna Josayne P. Ochavillo

#Vanguard of the Chronicle Change

© ® @ /thengrichronicles




2.6.10. Dr. Jurhamid C. Imlan and other USM faculty received the Gawad Lathala Award.

For USM news, click here



2.6.11. Dr. Geoffray R. Atok received the Gawad Sulong sa Saliksik award

g—

Araw ng Parangal

g gL

oL,

SN SETVICE C

Dress Code: Cocktail



2.6.12. Dr. Mary Ann B. Rama received the Gawad Saliksik award for Halal Feeds

” Gawad Saliksik

m grateful recognition of your Development and Characterization
commuitment to excellence embodied through of Halal Feeds for Broiler Chicken
the research project you spearheaded in fulfill Production
ment of the Research, Development and Txten-
ston (RDYL) function of the ‘University.

Given this 27* day qf_wylemﬁer 2024.

FRANCISCO GIL
SUQ President IV

University of Southern Mindanao E |




2.6.13. Dr. Mary Ann B. Rama et al. received the 2nd Place certificate for Best Paper
Competition—Basic Research Category.






2.6.14. Dr. Mary Ann B. Rama et al. received the 2nd Place certificate for the Best Poster
Competition.




2.6.15. Dr. Mary Joy S. Canolas and Mr. Pagdato received the 3rd Place certificate for Best
Poster Competition Basic Research Category

Repaldc of M Frilgqares
UNIVIRSITY OF SOUTHERN MINDANAD
abaza, Cotaday 407

CERTIFICATE

A

JOSHUA C. PAGDATO & MARY JOY CANOLAS

I'urﬁn-h“"m PLACE v e
BEST POSTER COMPETITION - Basic Research Categery oriried
TPHENOTYPIC CHARACTERSTICS OF PHILIPPINE NATIVE CHICKENS IN NORTH COTASATD"

Awarded his 21" day of May 2019 during the
“§* Slten| Raiearch, Development & Dxtension In-House Reven *
o USM Caté Martina, Ksbace®, Comtato

FRANCISCO GRL M. BARCIA, RPAE, PaD
SUC Prosdert Iv
By Attty of Be Presset

L _'-*‘"P







	2.5 Number of completed creative work (2018, 2019, 2022, 2023, 2024) 
	List of Faculty with Creative Works Projects (2018-2025) 
	2.5.1. 2024 USM-RDE Year-end In-house Review. All Animal Science faculty are highlighted in purple. 
	 
	2.5.2. Dr. Josephine R. Migalbin Brochure for Silage Making for Smallholder Farmers 
	 
	 
	 
	 
	 
	 
	 
	 
	2.5.3. Dr. Josephine R. Migalbin’s Certificate of recognition as a resource speaker for the Technology and Knowledge Enterprise Packaging and Learning Module Development Workshop, 2019. 
	2.5.4. Dr. Josephine R. Migalbin’s certificate as the distinguished speaker in the BLUE ECONOMY FORUM, 2023. 
	 
	2.5.5. Dr. Josephine R. Migalbin’s certificate as a resource speaker on Regional Training of Trainers on Small Ruminant (Goat & Sheep) Production and Management, 2023. 
	2.5.6. Dr. Josephine R. Migalbin’s certificate as a resource speaker on the Training-Workshop “Advancing SCSC’s Niche through Futures Thinking Strategies,” 2024. 
	 
	2.5.7. Dr. Josephine R. Migalbin’s certificate as a resource speaker on the Training of Trainers on Native Goat Production and Management, 2024. 
	2.5.8. Dr. Josephine R. Migalbin’s certificate as a resource speaker on the Training of Trainers on Native-Cattle Production and Management, 2024. 
	2.5.9. Dr. Josephine R. Migalbin, Dr. Julius Jerome G. Ele, and Dr. Jurhamid C. Imlan as resource speakers on the Training of Trainers on Native Goat Production and Management, 2024. 
	2.5.10. Dr. Josephine R. Migalbin’s certificate as a resource speaker on the Rubber Stakeholders Meeting/Consultation on Rubber Pestalotiopsis Disease, 2023. 
	2.5.11. Dr. Josephine R. Migalbin attended and conducted a meeting with the provincial governor of Basilan, Hon. Jim S. Hataman Salliman and other stakeholders, 2023. 
	2.5.12. Dr. Migalbin, Dr. Ele, Dr. Canolas, and Sir Ricabar invited as resource speaker during the Training on Feednovation: A Showcase of Alternative Feedstuff and Silage Making for the AEWs and LSA Cooperators in Region XII and BARMM, 2024. 
	2.5.13. Dr. Josephine R. Migalbin’s certificate as the Panel of the Examiner during the 2022 In-House Review of CFCST held on February 23, 2023. 
	2.5.14. Dr. Josephine R. Migalbin’s certificate as the Panel of the Examiner during the conduct of the USM-Graduate School In-house Review, 2023. 
	2.5.15. Dr. Josephine R. Migalbin’s certificate as the evaluator during the Ocular Evaluation Visit for the Agriculture Programs in the Graduate School of Central Bicol State University of Agriculture, 2025. 
	 
	 
	 
	 
	 
	 
	2.5.16. Dr. Josephine R. Migalbin’s certificate as evaluator of the Mid-year In-house Review on July 27, 2023, at Multi-purpose Hall, Administration Building, SKSU-ACCESS, EJC Montilla, Tacurong City, Sultan Kudarat. 
	 
	 
	 
	 
	 
	 
	2.5.17. Dr. Josephine R. Migalbin’s certificate as evaluator during the 3rd Quarter 2024 Research Proposals In-House Review, SKSU. 
	2.5.18. Dr. Josephine R. Migalbin’s certificate as evaluator during the 2023 Regional Joint In-House Review for Research, Development, and Extension Research Proposals, SCSC. 
	2.5.19. Dr. Josephine R. Migalbin’s certificate as evaluator during the 2022 In-House Review of Research Proposals held on June 27–28, 2022, at Cotabato State University. 
	 
	 
	 
	 
	 
	 
	2.5.20. Dr. Josephine R. Migalbin’s certificate as panelist during the conduct of the “PRRI Midyear Review 2022” held on July 7–8, 2022. 
	 
	 
	 
	 
	 
	2.5.21. Dr. Josephine R. Migalbin’s certificate as mentor of the Manna Farmers Agriculture Cooperative on the business plan making at Inas, Mlang, Cotabato, 2021. 
	2.5.22. Dr. Josephine R. Migalbin’s certificate as presenter for the College of Agriculture during the USM FY 2019 Performance Review and Evaluation. 
	 
	 
	2.5.23. Dr. Josephine R. Migalbin’s certificate as presenter for the research title “Development and Acceptability of Mutton-Based Food Products for Emergencies” during the USM YEAR-END 42nd IN-HOUSE REVIEW 2022. 
	 
	 
	 
	 
	2.5.24. Dr. Josephine R. Migalbin’s certificate as presenter for the research title “Development of Video Materials on Organic Production of Indigenous Vegetables for Dissemination” during the USM YEAR-END 42nd IN-HOUSE REVIEW 2022. 
	 
	 
	2.5.25. Dr. Josephine R. Migalbin’s certificate as presenter for the research title “Cultural Management of Stingless Bees for Sustainable Honey Production” during the USM YEAR-END 42nd IN-HOUSE REVIEW 2022. 
	 
	2.5.26. Dr. Josephine R. Migalbin’s certificate as presenter for the research title “USM Halal Love ko ’to! : Futures Initiatives on Halal Smart Product Developments and Innovations for 2050” during the FuturesPhil 2024 Conference. 
	2.5. Dr. Josephine R. Migalbin’s certificate as resource speaker during the Strategic Workshop: Crafting a 5-Year Roadmap for the Halal Food R&D Facility Project and Developing a Short Course Curriculum for Halal Science and Management, 2024. 
	2.5.27. Dr. Julius Jerome G. Ele Presentation for the Ingat Hayop Roadshow 
	2.5.28. Dr. Julius Jerome G. Ele and Sir Ryan Z. Gonzaga’s certificate of copyright registration for the ADC-Animal Diet Calculator FeedmixJR. 
	2.5.29. Dr. Julius Jerome G. Ele Letter of Authorization as Resource Speaker for the National Organic Agriculture Congress 2023. 
	2.5.30. Dr. Julius Jerome G. Ele proof of participation in the NOAC 2022 as a resource speaker. 
	 
	 
	2.5.31. Dr. Julius Jerome G. Ele’s Certificate of Recognition for the 17th NOAC. 
	2.5.32. Dr. Julius Jerome G. Ele and Dr. Mary Joy S. Canolas delivered their respective research topics at the National Organic Agriculture Congress 2023. 
	2.5.33. National Organic Agriculture Congress 2023 Proceedings  
	 
	 
	 
	 
	 
	 
	 
	2.5.34. Dr. Julius Jerome G. Ele’s certificate as judge of the Oral Scientific Paper Presentation (Undergraduate Category) during the 60ᵗʰ PSAS Scientific Seminar and Annual Convention and 7ᵗʰ International Livestock Biotechnology Symposium, 2023. 
	2.5.35. Dr. Julius Jerome G. Ele served as the peer reviewer for the Journal of Agricultural Research, Development, Extension, and Technology (JARDET) in 2021. 
	2.5.36. Dr. Julius Jerome G. Ele’s certificate as a resource person during the “Training on Intellectual Property Protection and Patent/Utility Model Application,” 2024. 
	 
	2.5.37. Dr. Julius Jerome G. Ele’s certificate as a resource person during the Training on Feednovation: A Showcase of Alternative Feedstuff and Silage Making for the AEWs and LSA Cooperators in Region XII and BARMM, 2024. 
	 
	2.5.38. Dr. Julius Jerome G. Ele’s certificate as a resource speaker during the Echo Seminar & Workshop on Technology Commercialization Mentorship Series, 2024. 
	2.5.39. Dr. Geoffray R. Arok’s certificate as a Focal Person during the SUC-ACAP Initiated Online Licensure Examination for Agriculturist (LEA) Review Classes, 2021. 
	2.5.40. Dr. Geoffray R. Arok’s certificate as a resource speaker in the Training Course on Artificial Insemination for Large Ruminants, 2024. 
	2.5.41. Dr. Geoffray R. Arok’s certificate as a resource speaker on the Basic Training Course on Artificial Insemination and Pregnancy Diagnosis for Large Ruminants, 2025. 
	2.5.42. Dr. Geoffray R. Atok as a resource speaker during the conduct of the Basic Training Course on Artificial Insemination and Pregnancy Diagnosis for Large Ruminants, 2025. 
	 
	2.5.43. Dr. Geoffray R. Arok’s certificate as a resource speaker and facilitator during the conduct of the Basic Training Course in Artificial Insemination and Pregnancy Diagnosis for Large Ruminants, 2024. 
	 
	2.5.44. Dr. Geoffray R. Arok’s certificate as a resource speaker on Basic Artificial Insemination (AI) of Large Ruminants for the Agricultural Extension Workers (AEWs)/AI Technicians in Region XII & BARMM, 2024. 
	2.5.45. Dr. Geoffray R. Atok as a resource speaker on the training on Basic Artificial Insemination (AI) of Large Ruminant for the Agricultural Extension Workers (AEWs)/AI Technicians in Region XII & BARMM, 2024. 
	 
	2.5.46. Dr. Geoffray R. Arok’s certificate as a resource speaker on the conduct of the Basic Training Course on Artificial Insemination and Pregnancy Diagnosis for Large Ruminant, 2025. 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	2.5.47. Dr. Geoffray R. Arok’s certificate as a facilitator during the TOS and Test Development Refresher Workshop held on September 7–8, 2022, at the University of Southern Mindanao Commercial Building, Kabacan, Cotabato. 
	2.5.48. Dr. Geoffray R. Arok’s certificate as a facilitator during the Orientation on Slides Design Production held on September 10, 2022, at the University of Southern Mindanao Commercial Building, Kabacan, Cotabato. 
	2.5.49. Dr. Geoffray R. Arok’s certificate on his invaluable services and sharing of his technical expertise as evaluator during the Research for Development 31st Agency In-House Review held on October 13–14, 2022. 
	 
	 
	 
	 
	 
	 
	2.5.50. Dr. Mary Ann B. Rama’s certificate as a resource speaker on the BROILER PRODUCTION topic during the A.I.M.S. Discussion Series (Development and Characterization of Plant-based Protein-rich Halal Feeds for Broiler Chicken Production), 2024. 
	2.5.51. Dr. Josephine R. Migalbin: USM Teknogiya sa Radyo Episode 1 
	2.5.52. Dr. Geoffray R. Atok: USM Teknogiya sa Radyo Episode 2 
	2.5.53. Dr. Jurhamid C. Imlan: USM Teknogiya sa Radyo Episode 3 
	2.5.54. Lawrence Anthony U. Dollente, Josephine R. Migalbin, Len Latido, Jurhamid C. Imlan, and Eugene G. Ranjo: SOXAARRDEC Cares 
	2.5.55. Jovelyn Gesulga, Janice M. Bangoy, Mary Joy S. Cañolas, Glyn G. Magbanua: USM Extension Services: Ugnayan Natin sa Radyo 
	2.5.56 Development of Video Materials on Organic Production of Indigenous Vegetable for Dissemination Videos posted by USM-College of Agriculture Facebook page  
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