
Citation: Khamhan, S.; Tathong, T.;

Phoemchalard, C. The Effects of Fresh

Hemp Leaf Supplementation

(Cannabis sativa) on the Physiological

and Carcass Characteristics and Meat

Quality in Transported Goats. Animals

2023, 13, 3881. https://doi.org/

10.3390/ani13243881

Academic Editor: Pietro Lombardi

Received: 13 November 2023

Revised: 9 December 2023

Accepted: 15 December 2023

Published: 17 December 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

animals

Article

The Effects of Fresh Hemp Leaf Supplementation (Cannabis
sativa) on the Physiological and Carcass Characteristics and
Meat Quality in Transported Goats
Supawut Khamhan 1,* , Tanom Tathong 2 and Chirasak Phoemchalard 3

1 That Phanom College, Nakhon Phanom University, Nakhon Phanom 48110, Thailand
2 Department of Food Technology, Faculty of Agriculture and Technology, Nakhon Phanom University,

Nakhon Phanom 48000, Thailand; tanomi@ms.npu.ac.th
3 Department of Agriculture, Mahidol University, Amnatcharoen Campus, Amnatcharoen 37000, Thailand;

chirasak.pho@mahidol.edu
* Correspondence: es1414@npu.ac.th; Tel.: +66-648-684-991

Simple Summary: It is widely acknowledged that transportation stresses livestock, harming the
animal’s health and the meat quality. This study tested if hemp leaves, which contain beneficial
phytochemicals, could alleviate these effects in transported goats. Goats received 10 g/kg of fresh
hemp leaves or none, as the controlled group, before a 200 km journey. Hemp maintained some blood
measures compared to controls. However, carcass traits, pH, tenderness, and texture were similar
between the two groups. Hemp slightly affected the initial meat color and odor volatiles. Overall,
this low dose of fresh hemp leaves provided limited protection against transportation stress in goats,
but higher doses may have enhanced benefits.

Abstract: Transportation stress adversely affects animal health, productivity, and meat quality.
Bioactive plant compounds may alleviate transit stress in livestock. This study evaluated the effects
of fresh hemp leaf supplementation on blood metabolites, performance, carcass traits, and meat
quality in transported goats. Twenty male goats (15 ± 2.76 kgBW) were investigated, some were
given a hemp supplement (n = 10) and the remaining goats were used as a control group (n = 10). The
hemp group received 10 g/30 kg body weight of fresh leaves prior to transportation. Blood samples
were analyzed before and after the 200 km journey. The goats were slaughtered after transit and
the quality of the meat examined. In the controlled group, transportation increased neutrophils and
electrolytes, but decreased lymphocytes and hemoglobin. In contrast in the hemp-supplemented
group, the hemp maintained this animal blood parameters. Body weight and carcass yield, however,
did not differ between the two groups. Hemp reduced meat redness at 1 h postmortem but had
minimal effects on its pH, color, water holding capacity, tenderness, and texture after 24 h. However,
hemp supplementation did alter the odor profiles between the two groups detected by electronic
nose sensors. In conclusion, fresh hemp leaf supplementation maintained blood metabolites and had
minor advantageous effects on meat quality in response to transportation stress in goats. Further
investigation using hemp supplements shows potential to alleviate transit stress, although higher
doses may be required in order to further enhance its benefits.

Keywords: stress; fresh hemp leaf; goats; blood metabolites; meat quality

1. Introduction

Transportation is an inevitable procedure in contemporary livestock production sys-
tems; however, it can cause stress that adversely affects the animals’ health, productivity,
and meat quality [1,2]. Transit elicits various physiological perturbations including ele-
vated stress hormones, electrolyte imbalances, shifts in hematological parameters, glycogen
depletion, and muscle fatigue [3,4]. These disruptions can precipitate immunosuppression,
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decreased weight gain, and undesirable modifications to carcass attributes [1]. Moreover,
transit stress can deteriorate water holding capacity, post-mortem pH decline, tenderness,
and the organoleptic properties of meat [5].

Diverse phytochemicals and plant bioactive compounds have been shown to have pro-
tective effects against transit-induced stress in livestock species. Hemp (Cannabis sativa L.)
contains a wide range of polyphenols, terpenes, vitamins, and minerals that possess antiox-
idant, anti-inflammatory, and adaptogenic properties [6]. The foliage of the hemp plant
is particularly enriched with flavonoids and phenolic acids that can positively modulate
physiological responses to stress [7]. Several recent studies have reported the beneficial
impact of hemp supplementation on animal health and productivity outcomes [8–10].
However, there remains a paucity of research that focuses on the specific influence of hemp
leaves on meat quality of transported animals.

Therefore, the objective of this study was to evaluate the effects of dietary supple-
mentation with fresh hemp leaves on blood metabolites, growth performance, carcass
quality, and meat characteristics in goats subjected to road transportation stress. It was
hypothesized that the specialized bioactive compounds in hemp foliage could mitigate
transportation-induced disruptions and exert advantageous effects on physiological status,
carcass merits, and meat properties compared to that of controlled animals that were not
receiving supplemental hemp. It was the intention of this work to advance scientific knowl-
edge about the utility of plant-derived nutraceuticals so as to improve the health, welfare,
and quality of the products of transported livestock. Comprehensive evaluation of the im-
pact of hemp leaf supplementation on transported goats could provide a vital perspective
on exploiting the multifunctional benefit of supplementing this botanical forage.

2. Materials and Methods

The study received ethical approval from the Animal Ethics Committee of Nakhon
Phanom University (NPU002/2566).

2.1. Animal and Experimental Design

The goats used in the experiment were purchased from local farms in Nakhon Phanom
province, Thailand. The animals underwent a one-month acclimatization period prior to
the commencement of the experimental trial. This was carried out to minimize the effects
of stress and environmental factors on the outcome of the study. During this adaptation
phase, each goat received a balanced commercial diet with an allotment of 100 g/h/d,
formulated with 20% crude protein, 3% crude fat, 10% crude fiber, and 13% moisture
content. The animals were also allowed ad libitum grazing on natural pastures. After the
one-month acclimatization, twenty male crossbred Boer goats were randomly assigned
into two groups of 10 animals each based on their initial body weight. The first group was
given a supplement of fresh hemp leaves containing CBD and THC by 0.0009 and 0.2253%
(w/w) at 10 g per 30 kg body weight, while the control group received none. Before hemp
supplementation, jugular veinous blood samples were collected from all animals to analyze
stress indicators. After an hour of hemp feeding, both groups were transported 200 km
using a truck with 50% slant net. Throughout the experiment, detailed climatological
records were maintained including air temperature and relative humidity readings at
regular intervals. These primary data were used to estimate the temperature-humidity
index (THI), which quantitatively demonstrate the cumulative heat stress and discomfort
experienced by animals under study, according to NRC [11] equation:

THI = (1.8 × Ta + 32) − [(0.55 − 0.0055 × RH) × (1.8 × Ta − 26)]

where Ta is air temperature (◦C) and RH is relative humidity (%). Animal thermal com-
fort ranges can be categorized according to the THI metric proposed by Silanikove and
Koluman [12]: THI ≤ 74 indicates thermal comfort, 75–79 indicates moderate heat stress,
80–85 indicates stressful conditions eliciting physiological coping mechanisms, 86–88 very
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indicates stressful environments approaching dysfunction risk, and ≥89 indicates extreme
suffering threatening morbidity.

Heat index (HI) based on Ta (◦C) and RH (%) was also used to assess heat stress [13,14].
HI thresholds to categorize thermal comfort ranges in livestock were established [13]:
27–32 ◦C (caution), 32–39 ◦C (extreme caution), 39–51 ◦C (danger zones), and above
52 ◦C reaches extreme danger by creating a highly likely environment for heat stroke to
occur. Additionally, the transportation time was also documented. After the journey,
post-transportation blood samples were taken once again to assess the stress biomarkers.
The goats were then slaughtered, and the carcasses were conventionally dressed. The meat
samples were packed in boxes, frozen, and transported to the laboratory for subsequent
quality analysis.

2.2. Blood Parameters

Blood parameters were examined twice, before and after transport. Fresh blood
samples were collected from goats in the different groups to measure white blood cell
(WBC), hemoglobin (Hb), hematocrit (Hct), neutrophil, lymphocyte, eosinophil, monocyte,
blood urea nitrogen (BUN), creatinine, protein total, albumin, globulin, alkaline phos-
phatase, sodium, potassium, chloride, CO2, calcium, magnesium, and phosphorus. The
measurements were taken using an automated hematology analyzer (Sysmex XT−2000iV™,
Goerlitz, Germany).

2.3. Weight Loss, Carcass Traits, and Meat Quality Analysis

Pre-transport and post-transport live weights were recorded to determine weight loss
during transport. After slaughter, hot carcass weight was measured. Carcass yield was then
calculated as a percentage of live weight. Relative weights of carcass components including
forelegs, hindlegs, head, genitalia, edible organs, digestive organs, and remaining tissues
were determined.

Meat quality tests were performed on the longissimus thoracis et lumborum muscle.
Surface color was evaluated after 15 min of blooming using a Minolta CR−400 Chroma
Meter (Konica Minolta Business Solutions (Thailand) Co., Ltd., Bangkok, Thailand) to quan-
tify lightness (L*), redness (a*), and yellowness (b*) values averaged from 3 locations [15].
Ultimate pH was measured at 24 h postmortem using a Hanna HI99163 pH meter with
FC232D probe (Hanna Instruments, Inc., Laval, QC, Canada), averaging 3 sampling points.
Drip loss was calculated from the weight loss of a 25 g loin sample suspended in a bag
at 4 ◦C for 48 h. Cooking loss was determined by weighing loin slices (50 g) before and
after vacuum bag cooking to an internal temperature of 72 ◦C in an 80 ◦C water bath for
15 min, followed by overnight chilling at 4 ◦C [16]. Shear force was measured on cooked
cores cut parallel to muscle fibers [17] using a TA.XT plus texture analyzer fitted with a
Warner–Bratzler blade. Texture profile analysis was performed on cooked loin samples
using a TA.XT plus texture analyzer and P/50 cylindrical probe [18].

2.4. Electronic Nose Analysis

Approximately 10 g of goat meat was placed in 100 mL Duran bottles. An electronic
nose (Electronic Nose Co., Ltd., Bangkok, Thailand) equipped with 8 gas sensors (TGS 816,
TGS 2600, TGS 823, TGS 2603, TGS 826, TGS 2610, TGS 2620, TGS 2444) was used to analyze
headspace volatiles. The measurement cycle was set to 5 cycles with reference time of 120 s,
sample time of 30 s, and cleaning time of 60 s between samples. Sensor responses were
acquired using CIMS NOSE 2.0 software and expressed as percent change from reference
air [19,20].

2.5. Statistical Analysis

Blood metabolite data in goats with and without fresh hemp leaf supplementation
were analyzed before and after transportation by paired T-tests. Performance, carcass
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quality, and meat quality data were compared by Student’s T-tests at 95% confidence level
using the JASP version 0.18.0 free software package [21].

3. Results

During the 4 h of transport, the air temperature averaged 33 ◦C and the relative
humidity was 80%, resulting in a THI of 87 and a heat index of approximately 48. The effects
of transportation on the blood metabolites of goats treated with fresh hemp leaf compared
to the controlled group are shown in Table 1. The results revealed that, in the control
group, hematocrit, neutrophil, sodium, potassium, and chloride levels were significantly
lower before transport compared to after (p < 0.05). The exceptions were lymphocyte levels,
which increased after transportation, and hemoglobin levels, which tended to decrease
after transportation (p = 0.06). Albumin levels also tended to increase after transportation
(p = 0.07). By comparison, the control group did not show any significant difference before
or after transportation, specifically (p > 0.05) in the levels of white blood cells, eosinophils,
monocytes, blood urea nitrogen, creatinine, total protein, globulin, alkaline phosphatase,
CO2, calcium, magnesium, and phosphorus.

Table 1. Effects of transportation on blood metabolites of goat treated with fresh hemp leaf.

Items
Control Group Hemp Group

Before After SEM p-Value Before After SEM p-Value

White blood cell
(×103/mm3) 13.55 11.50 0.678 0.148 13.74 10.03 1.517 0.302

Hemoglobin (mg%) 6.58 6.30 0.527 0.061 7.16 6.85 0.587 0.240
Hematocrit (%) 20.25 b 23.25 a 1.713 0.013 21.40 23.75 1.983 0.096
Neutrophil (%) 54.75 b 64.25 a 2.980 0.006 63.60 54.00 2.620 0.063

Lymphocyte (%) 45.00 a 35.75 b 2.964 0.005 34.00 b 45.50 a 2.752 0.035
Eosinophil (%) 0.26 0.00 0.103 NA 2.40 0.50 0.486 0.139
Monocyte (%) 0.00 0.00 NA NA 0.00 0.00 NA NA

Blood urea nitrogen 18.96 20.14 0.638 0.404 16.26 b 21.48 a 1.326 0.012
Creatinine 0.91 1.12 0.067 0.161 1.00 0.92 0.034 0.328

Protein total 5.88 5.80 0.115 0.587 5.92 5.92 0.214 1.000
Albumin 2.70 2.76 0.045 0.070 2.88 2.88 0.061 1.000
Globulin 3.18 3.04 0.103 0.311 3.04 3.12 0.176 0.456

Alkaline Phosphatase 62.20 62.60 4.989 0.925 67.00 74.40 9.162 0.355
Sodium 143.54 b 146.82 a 0.770 0.017 145.64 b 148.52 a 1.134 0.045

Potassium 4.73 b 5.96 a 0.298 0.042 5.46 6.08 0.170 0.064
Chloride 109.60 b 112.66 a 0.975 0.007 111.14 b 113.30 a 0.643 0.026

CO2 21.40 22.20 0.533 0.242 21.00 20.80 0.567 0.854
Calcium 9.31 9.14 0.170 0.302 9.28 9.05 0.173 0.162

Magnesium 2.23 2.29 0.026 0.236 2.42 2.49 0.054 0.486
Phosphorus 4.76 5.09 0.249 0.617 5.96 6.04 0.348 0.860

Significant changes between the control and hemp-treated groups are shown by letters a and b (p < 0.05).
SEM = standard error of means, NA = not available.

In the hemp leaf supplemented group, most values did not differ significantly before
and after transportation. However, lymphocyte, blood urea nitrogen, sodium, and chloride
levels were significantly lower before than after transportation (p < 0.05). Neutrophil levels
tended to decrease (p = 0.06), while potassium levels tended to increase after transportation
(p = 0.06).

The results of the study examining goats supplemented with fresh hemp leaves and
subjected to road transportation are presented in Table 2. Body weight before and after
transportation, as well as weight loss, did not differ significantly between the two groups
(p > 0.05). Additionally, carcass weight, carcass percentage, and percentages of various
carcass parts such as front legs, hind legs, head, genital organs, edible organs, the digestive
system, and others did not show significant differences (p > 0.05).
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Table 2. Effects of transportation on performance and some carcass characteristics of goat treated
with fresh hemp leaf.

Items Control Hemp SEM p-Value

Initial body weight (kg) 15.78 14.24 0.884 0.414
Final body weight (kg) 15.40 13.97 0.846 0.433

Weight loss (%) 2.39 1.75 0.574 0.607
Carcass weight (kg) 6.36 6.15 0.378 0.805

Carcass percentage (%) 41.33 43.85 0.907 0.177
Fore shank (kg) 0.22 0.19 0.014 0.286
Fore shank (%) 1.44 1.37 0.086 0.724

Hide shank (kg) 0.23 0.23 0.010 1.000
Hide shank (%) 1.53 1.68 0.077 0.336

Head (kg) 1.18 1.11 0.053 0.531
Head (%) 7.72 7.96 0.129 0.374
Penis (kg) 0.19 0.16 0.025 0.547
Penis (%) 1.22 1.12 0.130 0.731

Edible internal organs (kg) 0.73 0.59 0.045 0.141
Edible internal organs (%) 4.75 4.21 0.153 0.076

GI track (kg) 5.36 4.34 0.363 0.174
GI track (%) 34.64 31.04 1.089 0.099
Others (kg) 1.13 1.20 0.062 0.611
Others (%) 7.37 8.76 0.433 0.111

No superscript means no significant group differences (p > 0.05).

Table 3 summarizes the effects of hemp leaf supplementation on post-mortem meat
quality characteristics including pH, color, and odor in transported goats. Dietary treatment
did not significantly impact pH values between 1 and 24 h post-mortem. This suggested
that hemp leaves did not affect glycogen metabolism or post-mortem acidification. For
meat color, hemp meat had a decreased redness (a*) value at 1 h compared to that of the
controls, but no differences were found between the two groups in lightness or redness
at 24 h post-mortem, or yellowness. This indicated a minor effect on the hemp meat on
its initial color. Odor profiles were analyzed using an electronic nose with eight sensors.
At 1 h after slaughter, the only statistically significant difference detected between the
hemp-based and animal-derived meat samples was an increased response from sensor 8
(TGS 2444), which is designed to detect ammonia gas. The other seven sensors, calibrated
to measure butane, methane, propane (sensor 1: TGS 816), smoke, vapors from alcoholic
beverages (sensor 2: TGS 2600), broad classes of organic solvents (sensor 3: TGS 823),
methyl mercaptan, trimethylamine (sensor 4: TGS 2603), isobutane, ethanol, ammonia
(sensor 5: TGS 826), propane, isobutane, and methane (sensor 6: TGS 2610), as well as
alcohol and organic solvents more generally (sensor 7: TGS 2620), did not show notable
variances between the two types of meat. However, the analyses conducted after allowing
24 h for the meats to release volatile compounds revealed attenuated electrical signals,
indicating reduced cumulative gas production, from five of the eight sensors in hemp meat
compared to the control meat. The specific sensors displaying these differential responses
at 24 h included sensor 1, sensor 2, sensor 3, sensor 5, sensor 6, and sensor 7.

The effects of transportation on water holding capacity, shear force, and textural
properties at 24 h postmortem in goats supplemented with fresh hemp leaves are presented
in Table 4. There were no significant differences (p > 0.05) in water holding capacity
parameters (drip loss, cooking loss), shear values (shear force, work of shear), or texture
profile analysis attributes (hardness, adhesiveness, springiness, cohesiveness, gumminess,
chewiness, resilience) between the two meat groups.
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Table 3. Effects of transportation on pH, color, and odor characteristics of goats treated with fresh
hemp leaf.

Items
1-h Post-Mortem 24-h Post-Mortem

Control Hemp SEM p-Value Control Hemp SEM p-Value

pH 6.12 6.09 0.068 0.820 6.14 6.32 0.110 0.455
Surface color
Lightness (L*) 43.22 42.53 1.847 0.864 39.58 40.47 1.362 0.763
Redness (a*) 15.80 a 11.69 b 0.946 0.018 13.53 12.19 0.756 0.405

Yellowness (b*) 6.62 4.66 0.637 0.130 4.74 4.87 0.550 0.911
Sensing response

Sensor 1 4.00 3.05 0.491 0.359 1.99 a 0.93 b 0.238 0.015
Sensor 2 1.04 1.71 0.257 0.212 3.45 a 2.75 b 0.135 0.001
Sensor 3 8.05 9.78 0.594 0.155 11.41 a 8.90 b 0.474 <0.001
Sensor 4 1.04 0.69 0.202 0.411 0.40 0.36 0.016 0.159
Sensor 5 10.66 11.67 0.548 0.386 10.88 a 8.62 b 0.420 <0.001
Sensor 6 1.01 1.95 0.349 0.194 4.89 a 4.02 b 0.165 <0.001
Sensor 7 0.68 1.44 0.319 0.259 4.47 a 2.78 b 0.391 0.019
Sensor 8 4.09 b 6.26 a 0.490 0.015 1.03 2.04 0.299 0.093

The letters a and b (p < 0.05) indicate significant differences between groups.

Table 4. Effects of transportation on water holding capacity, shear values, and texture profile analysis
at 24 h p.m. in goat treated with fresh hemp leaf.

Items Control Hemp SEM p-Value

Water holding capacity
Drip loss (%) 9.13 7.66 0.445 0.100

Cooking loss (%) 18.70 14.64 2.037 0.349
Shear values

Shear force (kg/cm2) 4.86 4.08 0.258 0.135
Work of shear (kg.s) 12.27 12.04 0.456 0.820

Texture profile analysis (TPA)
Hardness (g) 202.33 218.73 15.110 0.617

Adhesiveness (g.s) −7.44 −5.44 1.483 0.532
Springiness 0.08 0.09 0.005 0.372

Cohesiveness 0.64 0.67 0.030 0.644
Gumminess 124.48 146.44 13.504 0.449
Chewiness 11.58 16.04 1.970 0.283
Resilience 0.26 0.28 0.021 0.593

No superscript means no significant group differences (p > 0.05).

4. Discussion

Heat stress poses substantial risks to livestock production and fertility across global
animal agriculture [22]. The heat stress in livestock emerges from a complex interplay
between environmental variables. While temperature and humidity dominate research
contexts, additional meteorological factors critically influence animal thermal load [23].
Moreover, the transportation of livestock is known to cause physiological stress through
food and water deprivation, close confinement with unfamiliar animals, noise, vibra-
tion, and extreme ambient temperatures [24]. Providing shade, ventilation, clean water,
breed selection for heat resistance, minimal work during peak heat, cool water spraying,
night grazing, monitoring temperature-humidity index [14,22], and treatment with hemp
products [25–27] can generally help mitigate heat stress in animals, leading to improved
welfare and minimized production losses. However, there is insufficient evidence re-
garding the effects of hemp supplementation on mitigating heat stress in goats. In this
study, elevated stress values indicate livestock entering critical thresholds for heat stress
resilience. As THI and HI levels rise into upper ranges, animals experience increasing
physiological strain, and their capacity for thermoregulation is lowered. The effects of
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transportation on blood parameters in control and hemp-supplemented goats revealed
considerable stress-induced changes. After transportation, the control animals showed
significant increases in hematocrit, neutrophils, and electrolyte levels including sodium,
potassium, and chloride. Elevated hematocrit and neutrophilia are common physiological
responses to transportation stress, indicating hemoconcentration from dehydration as well
as an inflammatory response [28]. Lymphocyte levels decreased with transportation in the
control goats would be expected with a stress response, this shows suppression of immune
function. This aligns with previous findings that transport tends to increase neutrophils
and neutrophils/lymphocyte levels due to elevated stress hormones [29,30]. Electrolyte
imbalances also frequently occur with handling and road transport stress in livestock.
Specifically, sodium and chloride shifts are attributed to stress-induced activation of the
renin-angiotensin-aldosterone system [31]. The rise in potassium further suggests cellular
leakage and muscle damage during transit [32].

Conversely, most blood parameters in the hemp-supplemented goats were unchanged
with transport, including electrolytes, hematology, and liver and kidney function. This
lack of change implies that the hemp supplementation conferred protective effects against
transportation-induced physiological alterations [33]. However, lymphocyte, BUN, sodium,
and chloride levels increased following transportation in the supplemented group. Lym-
phocytosis aligns with an anticipated stress response [29]. Meanwhile, rises in electrolytes
suggest shifts in fluid and acid-base balance due to transport, despite hemp supplemen-
tation. Blood urea nitrogen concentration serves as an important indicator of nitrogen
utilization efficiency in ruminant livestock [34]. A robust positive association exists between
BUN concentration and urinary nitrogen excretion across cattle, sheep, and goats [34]. This
reflects reliance on the urea nitrogen recycling to the gut as a mechanism for retaining
nitrogen. However, the process is energetically expensive and higher BUN levels correlate
with lower nitrogen retention [35]. Dietary components can significantly impact BUN.
For example, increased dietary crude protein and rumen-degradable protein elevate BUN
due to greater ammonia absorption [36]. Several studies also report positive correlations
between BUN and ruminal ammonia levels [37,38]. Given the high protein content of
hemp-derived feeds and byproducts, supplementation may increase BUN. However, fur-
ther research directly investigating the effects of hemp on BUN and nitrogen balance in
ruminants is still needed.

Previous studies on goat blood profiles provided reference ranges over different
parameters. With reference to a variety of goat breeds. Neutrophils ranged from 3–13%,
lymphocytes from 30–48%, monocytes from 50–70%, eosinophils from 0–4%, basophils from
1–8%, red blood cells from 0–1%, hemoglobin from 8–18 g/dL, hematocrit from 8–12%, MCV
from 22−38 FL, MCHC from 30–36 g/dL, and from RDW 31–35% [39,40]. Another study
analyzed the effects of varying hempseed meal supplementation on goats provided at 0%,
11%, 22%, 33%. Intake, rumen function, digestibility, blood metabolites, and growth were
then measured. Dry matter intake did not differ significantly between the groups. However,
the average daily gain increased with that of increased hempseed supplementation. Blood
albumin, globulin, AST, ALP, GGT, LDH, and bilirubin were not affected. Conversely, the
albumin–globulin ratio decreased linearly as hemp seed supplementation increased [41].
Another study using byproducts of industrial hemp (IH) as an alternative feed source for
cattle revealed that acidic cannabinoids, especially CBDA, are bioavailable when ingested
and distributed through plasma without any short-term adverse effects. However, residues
may have accumulated in edible bovine tissues, warranting further research to determine
the impacts and safety of IH in livestock destined for human consumption [42]. In addition,
short-term studies indicated potential stress- and inflammatory-reducing benefits of IH
rich in CBDA when fed to cattle. However, longer term studies are needed to fully evaluate
the utility and safety of hemp as a supplementary feed ingredient [27].

In contrast, an alternative study replaced soybean oil with 4.4% hempseed oil in
100 one-day-old quails over a 5-week period. It was found that hempseed oil resulted in
lower body weight, feed intake, feed conversion rate, weight gain, carcass yield, meat



Animals 2023, 13, 3881 8 of 11

pH, and meat color compared to that of soybean oil [43]. In the goat study, the lack of
significant differences in most of the parameters may have been due to the relatively
short duration of the study, which may not have been long enough to affect performance
and carcass characteristics. Typical livestock experiments are often conducted for longer
periods of time to better assess the impact of growth, carcass, and meat quality due to
dietary changes. Further studies could explore the effects of hemp supplementation in goats
over a longer trial period or determine if higher doses or other hemp preparations could
provide measurable benefits to goat production and meat quality during transportation.

Similar to previous hemp studies, meat pH was unaffected by supplementation in this
current goat trial. A study on hemp seed supplementation in Simmental cows also found
no significant pH changes between the supplemented and control groups [44]. Similarly,
quails fed 0–20% hempseed diets showed no significant pH alterations [45]. However,
this study did find lower redness values 1 h after slaughter in goats supplemented with
hemp compared with the controlled group. After 24 h, all color values were similar be-
tween the two groups, concurring with the cow study [44]. However, redness values of
quail breast meat were higher in groups fed hempseed at 5–20% [45]. A review on the
absorption and efficacy of hemp by-products in ruminant meat production and preserva-
tion [8] found that hempseed oil supplementation can reduce metmyoglobin formation by
10–16% [46] and 18% in vitro [47]. As previously mentioned, fresh hemp leaves reduced
the odor of goat meat in this current study. The decreased odor in the supplemented
group may be attributed to bioactive compounds in the hemp leaves, particularly phe-
nolics like trans-caffeoyltyramine and cannabisin B, which are abundant in hempseed
hulls. These have been documented as having an antioxidant and anti-lipid oxidation
effect [48–50]. Moreover, maintaining a balanced, thriving gastrointestinal microbiome
and fermentation environment may be critical for optimizing quality characteristics like
VOCs [51,52]. In addition, a study on the reduction of the formation of undesirable volatile
compounds in chickens under inflammation and infection stress showed that dietary CBD
could beneficially affect gut health and improve breast meat quality [53].

Concerning the water holding capacity, hemp supplementation numerically decreased
drip loss and cooking loss percentages compared to the control group, but this was not
statistically significant. The results of this study on water holding capacity, shear values,
and texture profile analysis were consistent with a report on hempseed supplementation
in Simmental cows, which found no significant differences in cooking loss between the
supplemented and control groups [44]. With reference to quails, 20% dietary hempseed
supplementation resulted in the lowest cooking loss; however, at other supplementary
levels there were no comparable differences [45]. Furthermore, hemp supplementation
did not have any significant effect on shear force, shear work, or texture profiles. These
findings concur with the cow study in which hemp seed supplementation did not affect
the maximum cutting force [44]. The fact that there were no significant differences in the
characteristics of meat quality may be attributed to the short study duration, which did not
afford enough time for the fresh hemp leaves to influence the textural properties of the goats.
Therefore, fresh hemp leaf supplementation did not have a significant impact on the water
holding capacity, tenderness, or textural properties of the transported goat meat. However,
within the hemp group, some numerical decreases were not statistically significant. More
studies are needed to determine whether higher doses of hemp or other preparations could
potentially improve the quality of goat meat after transportation. Overall, this current
study showed that fresh hemp leaves had minimal effects within these parameters.

The limitations of this study include the brief supplementation and data collection
period, the small sample size of only 20 goats, the lack of some physiological measurements
during transit to quantify stress levels, the inability to identify specific meat volatiles con-
tributing to the differences in odor, and the lack of sensory analysis to confirm detectable
odor changes. Additionally, only one hemp preparation, dose, and duration was investi-
gated. Future research with larger samples over longer timespans should monitor real-time
stress biomarkers, utilize advanced techniques to specify influential volatile compounds,
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incorporate trained sensory panels, and compare multiple hemp by-products, doses, and
feeding durations to elucidate optimal benefits for mitigating transportation stress.

5. Conclusions

In the present study, a single dose supplementation of 10 g of fresh hemp leaf/kgBW
maintained some blood parameters compared to stressed controls. However, growth,
carcass yield, and most meat quality properties were not affected by fresh hemp, except
for minor differences in initial color and delayed volatile release. Thus, this low dose of
fresh hemp leaves provided only limited benefits in alleviating transportation stress in
goats. Further research is needed to evaluate higher dietary inclusions of hemp foliage in a
greater number of animals to assess its protective potential more comprehensively during
livestock transit.

Author Contributions: Conceptualization, S.K. and T.T.; methodology, S.K., T.T. and C.P.; validation,
S.K., T.T. and C.P.; formal analysis, C.P.; investigation, S.K. and T.T.; resources, S.K. and T.T.; data
curation, C.P.; writing—original draft preparation, S.K., T.T. and C.P.; writing—review and editing,
S.K., T.T. and C.P.; visualization, S.K., T.T. and C.P.; project administration, S.K. and T.T.; funding
acquisition, S.K. All authors have read and agreed to the published version of the manuscript.

Funding: This research was supported by a research grant number NR18/2565 from the Research
and Development Fund at Nakhon Phanom University for the 2022 fiscal year.

Institutional Review Board Statement: The animal study protocol was approved by the Institutional
Ethics Committee of Nakhon Phanom University (NPU002/2566).

Informed Consent Statement: Not applicable.

Data Availability Statement: Data are contained within the article.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Averós, X.; Martín, S.; Riu, M.; Serratosa, J.; Gosálvez, L.F. Stress response of extensively reared young bulls being transported to

growing-finishing farms under Spanish summer commercial conditions. Livest. Sci. 2008, 119, 174–182. [CrossRef]
2. Kannan, G.; Terrill, T.H.; Kouakou, B.; Gazal, O.S.; Gelaye, S.; Amoah, E.A.; Samaké, S. Transportation of goats: Effects on

physiological stress responses and live weight loss. J. Anim. Sci. 2000, 78, 1450–1457. [CrossRef] [PubMed]
3. Zhong, R.Z.; Liu, H.W.; Zhou, D.W.; Sun, H.X.; Zhao, C.S. The effects of road transportation on physiological responses and meat

quality in sheep differing in age. J. Anim. Sci. 2011, 89, 3742–3751. [CrossRef] [PubMed]
4. Knowles, T.G.; Warriss, P.D.; Vogel, K. Stress physiology of animals during transport. In CABI Books; CABI: Wallingford, UK,

2014; pp. 399–420.
5. Apple, J.K.; Davis, J.R.; Rakes, L.K.; Maxwell, C.V.; Stivarius, M.R.; Pohlman, F.W. Effects of dietary magnesium and duration of

refrigerated storage on the quality of vacuum-packaged, boneless pork loins. Meat Sci. 2001, 57, 43–53. [CrossRef]
6. Cherney, J.H.; Small, E. Industrial Hemp in North America: Production, Politics and Potential. Agronomy 2016, 6, 58. [CrossRef]
7. Tang, K.; Struik, P.C.; Amaducci, S.; Stomph, T.-J.; Yin, X. Hemp (Cannabis sativa L.) leaf photosynthesis in relation to nitrogen

content and temperature: Implications for hemp as a bio-economically sustainable crop. GCB Bioenergy 2017, 9, 1573–1587.
[CrossRef]

8. Semwogerere, F.; Katiyatiya, C.L.F.; Chikwanha, O.C.; Marufu, M.C.; Mapiye, C. Bioavailability and Bioefficacy of Hemp
By-Products in Ruminant Meat Production and Preservation: A Review. Front. Vet. Sci. 2020, 7, 572906. [CrossRef]

9. della Rocca, G.; Di Salvo, A. Hemp in Veterinary Medicine: From Feed to Drug. Front. Vet. Sci. 2020, 7, 387. [CrossRef]
10. Bailoni, L.; Bacchin, E.; Trocino, A.; Arango, S. Hemp (Cannabis sativa L.) Seed and Co-Products Inclusion in Diets for Dairy

Ruminants: A Review. Animals 2021, 11, 856. [CrossRef]
11. NRC. A Guide to Environmental Research on Animals; National Academy of Sciences: Washington, DC, USA, 1971.
12. Silanikove, N.; Koluman (Darcan), N. Impact of climate change on the dairy industry in temperate zones: Predications on the

overall negative impact and on the positive role of dairy goats in adaptation to earth warming. Small Rumin. Res. 2015, 123, 27–34.
[CrossRef]

13. National Weather Service What Is the Heat Index? Available online: https://www.weather.gov/ama/heatindex (accessed on 8
December 2023).

14. Chichester, L.M.; Mader, T.L. Heat Stress—What You Should Know to Make Livestock Shows a Success. Available online:
https://extensionpublications.unl.edu/assets/pdf/g2121.pdf (accessed on 8 December 2023).

15. AMSA. Meat Color Measurement Guidelines; American Meat Science Association: Champaign, IL, USA, 2012.

https://doi.org/10.1016/j.livsci.2008.04.002
https://doi.org/10.2527/2000.7861450x
https://www.ncbi.nlm.nih.gov/pubmed/10875626
https://doi.org/10.2527/jas.2010-3693
https://www.ncbi.nlm.nih.gov/pubmed/21680786
https://doi.org/10.1016/S0309-1740(00)00075-9
https://doi.org/10.3390/agronomy6040058
https://doi.org/10.1111/gcbb.12451
https://doi.org/10.3389/fvets.2020.572906
https://doi.org/10.3389/fvets.2020.00387
https://doi.org/10.3390/ani11030856
https://doi.org/10.1016/j.smallrumres.2014.11.005
https://www.weather.gov/ama/heatindex
https://extensionpublications.unl.edu/assets/pdf/g2121.pdf


Animals 2023, 13, 3881 10 of 11

16. Honikel, K.O. Reference methods for the assessment of physical characteristics of meat. Meat Sci. 1998, 49, 447–457. [CrossRef]
[PubMed]

17. AMSA. Research Guidelines for Cookery, Sensory Evaluation, and Instrumental Tenderness Measurements of Meat, 2nd ed.; American
Meat Science Association: Champaign, IL, USA, 2016.

18. Bourne, M.C. Texture profile analysis. Food Technol. 1978, 32, 62–67.
19. Phoemchalard, C.; Tathong, T.; Pornanek, P.; Uriyapongson, S.; Cherdthong, A. Quality attributes of buffalo meat using precision

sous vide cooking device. ARPN J. Eng. Appl. Sci. 2021, 16, 2117–2125.
20. Phoemchalard, C.; Uriyapongson, S.; Tathong, T.; Pornanek, P. 1H NMR Metabolic Profiling and Meat Quality in Three Beef

Cattle Breeds from Northeastern Thailand. Foods 2022, 11, 3821. [CrossRef]
21. JASP Team JASP (Version 0.18.0) [Computer software] 2023. Available online: https://jasp-stats.org (accessed on 30 June 2023).
22. Habeeb, A.A.; Gad, A.E.; Atta, M.A. Temperature-Humidity Indices as Indicators to Heat Stress of Climatic Conditions with

Relation to Production and Reproduction of Farm Animals. Int. J. Biotechnol. Recent Adv. 2018, 1, 35–50. [CrossRef]
23. Correa-Calderon, A.; Armstrong, D.; Ray, D.; DeNise, S.; Enns, M.; Howison, C. Thermoregulatory responses of Holstein and

Brown Swiss Heat-Stressed dairy cows to two different cooling systems. Int. J. Biometeorol. 2004, 48, 142–148.
24. Jacobson, L.H.; Cook, C.J. Partitioning psychological and physical sources of transport-related stress in young cattle. Vet. J. 1998,

155, 205–208. [CrossRef]
25. Nawrot, K.; Soroko-Dubrovina, M. Application of cannabidiol in the treatment and health prevention of horses. Med. Weter. 2022,

78, 431–433. [CrossRef]
26. Wagner, B.; Gerletti, P.; Fürst, P.; Keuth, O.; Bernsmann, T.; Martin, A.; Schäfer, B.; Numata, J.; Lorenzen, M.C.; Pieper, R. Transfer

of cannabinoids into the milk of dairy cows fed with industrial hemp could lead to ∆9-THC exposure that exceeds acute reference
dose. Nat. Food 2022, 3, 921–932. [CrossRef]

27. Kleinhenz, M.D.; Weeder, M.; Montgomery, S.; Martin, M.; Curtis, A.; Magnin, G.; Lin, Z.; Griffin, J.; Coetzee, J.F. Short term
feeding of industrial hemp with a high cannabidiolic acid (CBDA) content increases lying behavior and reduces biomarkers of
stress and inflammation in Holstein steers. Sci. Rep. 2022, 12, 3683. [CrossRef]

28. Knowles, T.G.; Warriss, P.D.; Brown, S.N.; Edwards, J.E. Effects on cattle of transportation by road for up to 31 hours. Vet. Rec.
1999, 145, 575–582. [CrossRef] [PubMed]

29. Fazio, E.; Ferlazzo, A. Evaluation of stress during transport. Vet. Res. Commun. 2003, 27 (Suppl. 1), 519–524. [CrossRef] [PubMed]
30. Polycarp, T.N.; Obukowho, E.B.; Yusoff, S.M. Changes in haematological parameters and oxidative stress response of goats

subjected to road transport stress in a hot humid tropical environment. Comp. Clin. Path. 2016, 25, 285–293. [CrossRef]
31. Broom, D.M.; Goode, J.A.; Hall, S.J.G.; Lloyd, D.M.; Parrott, R.F. Hormonal and physiological effects of a15 hour road journey in

sheep: Comparison with the responses to loading, handling and penning in the absence of transport. Br. Vet. J. 1996, 152, 593–604.
[CrossRef] [PubMed]

32. Warriss, P.D.; Brown, S.N.; Knowles, T.G.; Kestin, S.C.; Edwards, J.E.; Dolan, S.K.; Phillips, A.J. Effects on cattle of transport by
road for up to 15 hours. Vet. Rec. 1995, 136, 319–323. [CrossRef]

33. Russo, E.B.; Marcu, J. Cannabis Pharmacology: The Usual Suspects and a Few Promising Leads. Adv. Pharmacol. 2017, 80, 67–134.
34. Kohn, R.A.; Dinneen, M.; Russek-Cohen, E. Using blood urea nitrogen to predict nitrogen excretion and efficiency of nitrogen

utilization in cattle, sheep, goats, horses, pigs, and rats. J. Anim. Sci. 2005, 83, 879–889. [CrossRef]
35. Archibeque, S.L.; Burns, J.C.; Huntington, G.B. Urea flux in beef steers: Effects of forage species and nitrogen fertilization. J. Anim.

Sci. 2001, 79, 1937–1943. [CrossRef]
36. Hammond, A.C. Update on BUN and MUN as a guide for protein supplementation in cattle. In Proceedings of the Florida

Ruminant Nutrition Symposium, Gainesville, FL, USA, 16–17 January 1997; pp. 43–52.
37. Lewis, D. Blood-urea concentration in relation to protein utilization in the ruminant. J. Agric. Sci. 1957, 48, 438–446. [CrossRef]
38. Roseler, D.K.; Ferguson, J.D.; Sniffen, C.J.; Herrema, J. Dietary Protein Degradability Effects on Plasma and Milk Urea Nitrogen

and Milk Nonprotein Nitrogen In Holstein Cows. J. Dairy Sci. 1993, 76, 525–534. [CrossRef]
39. Feldman, B.V.; Zinkl, J.G.; Jain, N.C.; Schalm, O.W. Schalm’s Veterinary Hematology; Lippincott Williams & Wilkins: Philadelphia,

PA, USA, 2000.
40. Al-Bulushi, S.; Shawaf, T.; Al-Hasani, A. Some hematological and biochemical parameters of different goat breeds in Sultanate of

Oman “A preliminary study”. Vet. World 2017, 10, 461–466. [CrossRef] [PubMed]
41. Abrahamsen, F.W.; Gurung, N.K.; Abebe, W.; Reddy, G.P.; Mullenix, K.; Adhikari, S. Effects of feeding varying levels of hempseed

meal on dry matter intake, rumen fermentation, in vitro digestibility, blood metabolites, and growth performance of growing
meat goats. Appl. Anim. Sci. 2021, 37, 681–688. [CrossRef]

42. Kleinhenz, M.D.; Magnin, G.; Lin, Z.; Griffin, J.; Kleinhenz, K.E.; Montgomery, S.; Curtis, A.; Martin, M.; Coetzee, J.F. Plasma
concentrations of eleven cannabinoids in cattle following oral administration of industrial hemp (Cannabis sativa). Sci. Rep. 2020,
10, 12753. [CrossRef] [PubMed]

43. Göçmen, R.; Kanbur, G. A Comparative Study on the Effects of Use Hemp Seed Oil Substitute to Soybean Oil in Growing Quail
Diets. Turk. J. Agric.—Food Sci. Technol. 2021, 9, 1390–1394. [CrossRef]

44. Nchama, C.N.N.; Fabro, C.; Baldini, M.; Saccà, E.; Foletto, V.; Piasentier, E.; Sepulcri, A.; Corazzin, M. Hempseed by-Product in
Diets of Italian Simmental Cull Dairy Cows and Its Effects on Animal Performance and Meat Quality. Animals 2022, 12, 1014.
[CrossRef] [PubMed]

https://doi.org/10.1016/S0309-1740(98)00034-5
https://www.ncbi.nlm.nih.gov/pubmed/22060626
https://doi.org/10.3390/foods11233821
https://jasp-stats.org
https://doi.org/10.18689/ijbr-1000107
https://doi.org/10.1016/S1090-0233(98)80021-X
https://doi.org/10.21521/mw.6691
https://doi.org/10.1038/s43016-022-00623-7
https://doi.org/10.1038/s41598-022-07795-z
https://doi.org/10.1136/vr.145.20.575
https://www.ncbi.nlm.nih.gov/pubmed/10606018
https://doi.org/10.1023/B:VERC.0000014211.87613.d9
https://www.ncbi.nlm.nih.gov/pubmed/14535461
https://doi.org/10.1007/s00580-015-2179-8
https://doi.org/10.1016/S0007-1935(96)80011-X
https://www.ncbi.nlm.nih.gov/pubmed/8885469
https://doi.org/10.1136/vr.136.13.319
https://doi.org/10.2527/2005.834879x
https://doi.org/10.2527/2001.7971937x
https://doi.org/10.1017/S0021859600032962
https://doi.org/10.3168/jds.S0022-0302(93)77372-5
https://doi.org/10.14202/vetworld.2017.461-466
https://www.ncbi.nlm.nih.gov/pubmed/28507420
https://doi.org/10.15232/aas.2021-02153
https://doi.org/10.1038/s41598-020-69768-4
https://www.ncbi.nlm.nih.gov/pubmed/32728233
https://doi.org/10.24925/turjaf.v9i8.1390-1394.3957
https://doi.org/10.3390/ani12081014
https://www.ncbi.nlm.nih.gov/pubmed/35454260


Animals 2023, 13, 3881 11 of 11

45. Yalcin, H.; Konca, Y.; Durmuscelebi, F. Effect of dietary supplementation of hemp seed (Cannabis sativa L.) on meat quality and egg
fatty acid composition of Japanese quail (Coturnix coturnix japonica). J. Anim. Physiol. Anim. Nutr. 2018, 102, 131–141. [CrossRef]
[PubMed]

46. Embaby, M.G.; Gunal, M.; AbuGhazaleh, A. Effect of Unconventional Oils on in Vitro Rumen Methane Production and Fermenta-
tion. Cienc. Investig. Agrar. 2019, 46, 276–285. [CrossRef]

47. Wang, S.; Kreuzer, M.; Braun, U.; Schwarm, A. Effect of unconventional oilseeds (safflower, poppy, hemp, camelina) on in vitro
ruminal methane production and fermentation. J. Sci. Food Agric. 2017, 97, 3864–3870. [CrossRef]
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