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Abstract
Industrial hemp (Cannabis sativa L.) is a highly commercialized crop used in the production processes of more than 25,000 products in 
many different industries. Industrial hemp is a versatile, sustainable plant with a variety of applications in its various forms, including 
fibre from hemp stalks, foods from hemp seeds, and oil from hemp flowers and seeds. Hemp seeds in their hulled or whole form, stalks 
and grass, leaves, oil and oil meal have high potential for use as an alternative raw feed material in animal nutrition. Considering the fact 
that the share of feed cost in overall production costs in animal husbandry is around 70%, and the most important part of this feed cost 
is the protein source feed raw materials, it is important to reveal the possibilities of using alternative feed raw materials. Although there 
are many studies in the field of animal nutrition using hemp and its by-products, studies in sheep are limited. Because of their tendency to 
extensive feeding and their ability to use feed resources that other animals cannot use, sheep are known to breed well with a wide range of 
alternative feedstuffs. Due to these characteristics, research on feeding hemp to sheep has been increasing in recent years. In this review, 
the nutrient contents of hemp and its products and the findings of previous studies on feeding hemp to sheep were summarized and the 
possibilities of using hemp in sheep feeding were strived to be revealed.
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High-quality, human-edible protein can be produced 
from feed resources deemed unsuitable or undesirable for 
human consumption through animal production (van Hal 
et al., 2019). The issue of food provision can be solved 
while reducing environmental effects by using livestock 
to transform low opportunity cost feedstuffs such as by-
products, food waste, and grazing resources into human-
edible protein (van Hal et al., 2019). Animal output may 
be severely hampered by poor animal nutrition, particu-
larly in cases where there are insufficient feed supplies 
in terms of both quality and quantity (Tona, 2018). Since 
animal protein sources are scarce, plant protein sources 
are currently the primary supply of protein for animal 
nutrition. Protein is a limiting factor in the production of 
animal goods (Patsios et al., 2020).

Protein source feeds make up the majority of the feed 
materials used in the creation of animal’s diet to be fed 
to animals, notwithstanding variations based on physi-
ological and breeding practices in different species. Raw 
resources for feed containing protein are imported at a 
premium cost. Around the world, a great deal of research 
is being done on the potential use of substitute protein 
sources in place of these raw ingredients for feed. In ani-
mal nutrition, fish meal, canola meal, and soybean meal 

are the most popular sources of protein. There is a need 
for alternative and sustainable protein sources for animal 
feed because these traditional sources are no longer vi-
able and their use will be further restricted by growing 
costs. Industrial hemp might be one substitute (Šťastník 
et al., 2022). 

Hemp is a multifunctional plant primarily cultivated 
for its fibre and oil, while other constituents of the plant 
have medicinal properties (Ali et al., 2012; Głodowska 
and Łyszcz, 2017). The principal applications of hemp are 
contingent upon its variety, provenance, and geographi-
cal location (Schultz, 2020). Hemp cultivars are mostly 
cultivated for seed production, with hemp oil being the 
most lucrative commodity (Callaway, 2004). Hemp seed 
typically contains 30–35% seed oil, which can only be 
obtained by the process of cold pressing (Hazekamp et 
al., 2010). Hemp meal, on the other hand, is the solid 
residue that remains after the oil has been extracted. The 
cold pressing technique maintains the integrity of the 
oil’s physical and chemical properties. Depending on the 
specific process technology employed, a portion of the 
oil (0.4–10%) remains in the hemp meal after extraction 
(House et al., 2010). Hemp stalks are utilized in several 
industries such as textile, livestock (as litter for animals), 
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and automotive, as they provide substantial quantities of 
fibre (Hazekamp et al., 2010; Andre et al., 2016). Hemp 
leaves and inflorescences include bioactive chemicals 
that are utilized in the production of medications and hu-
man meals (Hazekamp et al., 2010; Hartsel et al., 2016). 
The chemical composition of cannabis by-products is 
mostly determined by factors such as the variety of can-
nabis, the methods used for pressing, and the processing 
of the seeds (Mihoc et al., 2012). Nevertheless, the chem-
ical composition of hemp by-product closely resembles 
that of soybean meal (SFC), with the exception of the 
husks, which have significantly lower levels of crude 
protein (CP) and ether extract (EE). Hemp by-products 
provide a substantial amount of highly digestible protein 
that can effectively fulfil the nutritional requirements of 
ruminants and poultry. 

Animal feed is one of the numerous new applica-
tions for industrial hemp that have been discovered re-
cently, contributing to the industry’s growth (Wagner et 
al., 2022). Animal diets are supplemented with plant feed 
additives to enhance animal welfare and health. Conse-
quently, there has been a surge in interest in hemp (Can-
nabis sativa) and its derivatives, leading to several in-
vestigations on the effects of Cannabis sativa chemicals 
on animals. Hemp oil, hempseed oil, and hempseed cake 

have been shown in several studies to enhance the fatty 
acid profiles of eggs, boost milk yield, and enhance ani-
mal performance and bone strength (Fallahi et al., 2022).

From the fibres in its stems to the nutrients in its 
seeds to the oil in its flowers, the cannabis plant (Can-
nabis sativa L.) is a sustainable and multipurpose plant 
that may be used for a wide range of functions (Raihan 
and Bijoy, 2023). The hemp plant is made up of seeds, 
stems, flowers, leaves, and roots (Figure 1). Nearly eve-
ry portion of the hemp plant has multiple uses (Simiyu 
et al., 2022). As a result, hemp is a plant with practically 
endless uses for almost every component of it (Simiyu et 
al., 2022). Over 25,000 items are made from industrial 
hemp worldwide in a variety of industries, largely due 
to the expanding global market for this product (Kaur 
and Kander, 2023) (Figure 2). Thus, industrial hemp is 
a multipurpose, sustainable plant that can be used for 
many different purposes in all of its forms, such as food 
from hemp seeds, oil from hemp flowers and seeds, 
and fibre from hemp stalks (Kaur and Kander, 2023). 
Either the whole or hulled seeds can be used as food, 
animal feed, cosmetics, or cold pressed to manufacture 
oil. Building products, paper, textiles, and animal litter 
can all be made from the shives (hurd) and stem fibre 
(Farinon et al., 2020).

Figure 1. Components of the cannabis plant and its various uses (Farinon et al., 2020)
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In many countries, hemp and hemp-derived products 
are not authorized for use in human or animal food. In the 
USA, food products are regulated by the Food and Drug 
Administration (FDA) (AAFCO, 2017). There are differ-
ent limits for these components in hemp food products in 
various countries and jurisdictions. As an example, the 
permissible levels allowed in Australia, the EU and the 
USA for various hemp products (Government of South 
Australia 2020) are given in Table 1.

Hemp production in the world
From the equator to the poles, hemp is a plant that has 

adapted to a very wide range of climates and environments. 

It may be grown both wild and cultivated under various 
ecological conditions (Vavilov, 1992). Furthermore, grow-
ing interest is being shown in many locations in the produc-
tion of hemp, a multipurpose industrial plant with a great 
potential for economic return in the form of fibres and seeds 
(Wimalasiri et al., 2021). France, China, Russia, Canada, 
Chile, Romania, Ukraine, Hungary, and the Netherlands are 
the most important hemp-producing nations; other nations 
include Austria, Italy, Czech Republic, Iran, Poland, Spain, 
Pakistan, Turkey, South Korea, and Japan. The highest pro-
duction in North America is in Canada and in South Amer-
ica in Chile. France has the greatest output rate in Europe. 
The main three producers in Europe are France (more than 

Figure 2. Various potential applications of the cannabis plant as a raw material (Zimniewska, 2022)

Table 1. Maximum permissible tetrahydrocannabinolic acid (THCA) contents in different hemp food products in Australia/New Zealand, the 
European Union and the USA (Burton et al., 2022)

Hemp product Australia/New Zealanda European Unionb USAc

Industrial hemp plant 0.35% or 1% dw 0.2% dw 0.3% dw

Hulled hemp seed 5 mg/kg 3 mg/kg 4 mg/kg

Hempseed oil 10 mg/kg 7.5 mg/kg 10 mg/kg

Hemp flour and hemp protein powder 10 mg/kg 3 mg/kg Not specified

Hemp seed milk or other beverages 0.2 mg/kg Not specified Not specified

Milled hemp seed as ingredients 5 mg/kg 3 mg/kg Not specified
aFood Standards Australia and New Zealand specify limits for Cannabis sativa seeds as food and ingredients in foods. FSANZ state that industrial hemp 

for food is limited at 1% THCA in leaves and flowering heads, though some states have set lower limits of 0.35%. Australia also specifies that hempseed 
products must contain no more than 75 mg/kg of CBD.

bThe European Commission amended Regulation (EC) No. 1881/2006 to set maximum limits for hemp foods in Europe, though each state is free to set 
their own limits equal to or below these limits. The amended regulation takes effect 1 January 2023.

cThe US Food and Drug Administration has not set formal limits for THCA in hemp-based foods. Though the “Generally Recognised as Safe” classifica-
tion from the FDA specifies contaminant limits including THCA which are presented.
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70% of EU production), the Netherlands (10%), and Aus-
tria (4%). Roughly 90% of the world’s seed supply is pro-
duced in the top four seed-producing nations: France, Chi-
na, Chile, and Russia (Süzerer et al., 2023; Faostat, 2023; 
Agreste, 2022). The hemp farming area and hempseed pro-
duction statistics for 2021 are displayed in Figure 3. The 
most recent data available in our nation shows that there is 
a 6 ha hemp farming area, and the production of hemp seed, 
oil, cake, and leaf meal is 3, 1.05, 1.95, and 61.8 tonnes, 
respectively (Semwogerere et al., 2020) (Figure 4). With  
a projected value of USD 4.74 billion in 2022, the global in-
dustrial hemp market is projected to expand at a compound 
annual growth rate (CAGR) of 17.1% from 2023 to 2030. 
The market is being driven by an increase in demand for in-
dustrial hemp from various application industries (Yano and 
Fu, 2023; Burton et al., 2022; Grand View Research, 2023).

Nutrient contents
For thousands of years, people have utilized Can-

nabis sativa, sometimes known as industrial hemp, 

for a wide range of applications. The need for hemp 
cultivation has lately surged once more, despite  
a brief dip in interest during the 20th and 21st cen-
turies. Above all, the broad variety of fatty acids and 
proteins found in hemp seed has sparked interest in 
the seed’s nutritional profile. The availability of hemp 
seed and related by-products has increased in tandem 
with the growth in hemp production. A key element 
of sustainable agriculture is the capacity of animals 
to ingest undesirable waste products from a variety of 
crops and transform them into consumer commodi-
ties. Although it is unclear to what degree, research 
suggests that hemp fortification of diets may enhance 
the quality and composition of meat, milk, and eggs as 
a beneficial source of protein, fat, and fibre (Ely and 
Fike, 2022). Numerous studies suggest that supple-
menting ruminant animals with industrial hemp seed 
or by-products could be an effective feeding strategy 
to enhance the nutrients (lactose, fatty acids) in milk 
and dairy products (Šťastník et al., 2022).

Figure 3. Hemp cultivation area and hempseed production by countries (FAOSTAT, 2023; Agreste, 2022)

Figure 4. Global production of hemp by-products (modified from Semwogerere et al., 2020)
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Figure 5. Macro and micronutrient value of hemp seeds (Montero et al., 2023)

Table 3. The nutrient concentration and fibre digestibility of several parts of the hemp plant, including the plants themselves, leaves, flowers, 
seed heads, chaff after seed harvest and cleaning, and extracted flower (Kleinhenz et al., 2020)

Outcome Whole 
plant Leaves Stalk Hemp 

flower
Seed 
heads Chaff Extracted 

flower

DM (%) 70.3 88.9 64.8 90.9 89.8 92.9 96.6

CP (% of DM) 6.9 13.0 5.3 21.2 23.0 20.0 24.5

Available CP (% of DM) 5.4 10.5 3.5 17.1 20.3 17.6 21.4

Calcium (% of DM) 1.4 4.3 1.0 2.3 2.6 5.7 3.6

Phosphorus (% of DM) 0.3 0.4 0.3 1.1 0.7 0.4 0.4

Magnesium (% of DM) 0.2 0.5 0.2 0.4 0.5 0.5 0.5

Potassium (% of DM) 1.1 3.3 0.9 2.4 1.3 1.9 2.4

Sulfur (% of DM) 0.1 0.4 0.1 0.4 0.3 0.2 0.3

Fat (% of DM) 2.7 8.9 1.2 12.5 13.2 4.6 3.2

Ash (% of DM) 8.8 21.2 6.3 14.1 16.6 24.9 25.7

Sugar (% of DM) 2.7 5.9 2.0 5.0 2.8 6.3 4.7

Starch (% of DM) 0.2 0.9 0.1 0.7 0.7 1.2 0.6

ADF (% of DM) 60.8 20.8 64.6 26.1 29.6 18.0 18.1

NDF (% of DM) 81.6 44.7 84.4 52.5 53.2 27.9 30.9

Acid detergent insoluble CP (% of DM) 1.5 2.5 1.8 4.2 2.7 2.4 3.1

Acid detergent insoluble CP (% of CP) 21.9 19.1 34.6 19.6 11.8 11.8 12.8

Neutral detergent insoluble CP (% of DM) 2.6 4.0 2.6 6.6 3.8 3.7 4.5

NDF digestibility at 30 h (% of NDF) 28.8 9.3 12.7 19.3 43.1 46.6 19.7

NDF digestibility at 240 h (% of NDF) 32.0 12.4 28.1 30.4 58.9 48.9 39.6

In vitro rumen NDF at 30 h (% of DM) 55.5 39.2 60.7 36.6 21.9 14.3 18.7

In vitro rumen NDF at 240 h (% of DM) 58.1 40.6 73.7 42.4 30.3 14.9 24.8

Nonfibre carbohydrate (%) 2.5 15.3 5.3 6.3 —
1 26.3 20.2

TDN (%) 24.0 41.0 19.8 53.6 61.5 54.3 46.0

1Nonfibre carbohydrate was not reported because it had a negative value, likely due to ash contamination in the fibre fraction, DM: dry matter, CP: crude 
protein, ADF: acid detergent fibre, NDF: neutral detergent fibre, TDN: total digestible nutrients.
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The composition of hemp seeds is mostly influenced 
by the processing of the seeds (hulled seeds or kernels), 
the kind of product (oil, flour, or protein powder), and 
the genotype and phenotype of hemp, which are affected 
by environmental growth variables. The physicochemi-
cal, sensory, and nutritional composition of hemp seeds 
varies depending on these characteristics. Montero et al. 
(2023) reported that hemp seeds contain around 25%–
35% lipids, 20%–25% protein, 20%–30% carbohydrates, 
and 4%–7.6% ash, as shown in Figure 5. 

Table 2 presents information on hemp seed’s chemi-
cal composition that has been published in the literature. 
The variation between studies in terms of nutrient content 
is due to the use of different hemp varieties, regional and 
climatic differences. Pre-treatments (e.g., decortication), 
agronomic practises, pedological and climatic conditions, 
cultivar/variety, and other factors all contribute to the pre-
dicted variations in chemical composition shown in pub-
lished studies. When it comes to animal nutrition, mature 
hemp seed is a great source of protein (mean 24.8%±2.0% 
dry matter (DM)). EFSA has stated that hemp seed has a 
CP value of 25% in DM, which is comparable to other 
protein sources (EFSA, 2011). Hemp seed is an intermedi-
ate source of CP between sunflower seeds (19.2%±4.2% in 
DM) and soybeans (39.2%±5.4% in DM), when additional 
protein sources that are often used in animal feeding are 
taken into account (NRC, 2001).

Multiple studies examining the fatty acid composition 
of hemp and its derivatives may be found in the existing 
literature. Bailoni et al. (2021) provides a summary of the 
results from various research that have examined the fatty 
acid compositions of hemp seeds, hemp meal, and hemp oil.

With consideration for their usage as ruminant feed, 
Kleinhenz et al. (2020) set out to characterize the nutri-
tional concentration, digestibility, and cannabinoid con-
centration of industrial hemp (Cannabis sativa having 
<0.3% THCA) and plant by-products. Table 3 displays the 
findings of the study’s nutritional analysis and in vitro fibre 

digestibility, whereas Table 4 displays the findings of the 
plant materials’ cannabinoid concentrations. The findings 
will assist livestock producers in using industrial hemp in 
animal feeds, taking into account both nutritional and can-
nabinoid concentrations in the diet, even though the results 
obtained are among the first published studies on the nu-
tritional and cannabinoid concentration of industrial hemp.

Nutrition practices of industrial hemp (Cannabis 
sativa L.) and its by-products in sheep

Energy is typically the nutrient in sheep meals that is 
most limited. Sheep have varying energy requirements 
throughout their growing period. Therefore, ensuring the 
quality and quantity of feed becomes even more essential, 
especially in breeding models that involve groups of graz-
ing sheep (Pond et al., 2005). If animals do not consume 
enough food to meet their energy needs, they will experi-
ence weight loss. Enhancing an animal’s feeding regimen 
is referred to as “flushing”, which is providing the animal 
with feed supplements to increase its energy intake by 10%. 
“Flushing” is often performed approximately three to four 
weeks before the mating season and during the initial week 
of the breeding season. This enhances fertility and fulfils the 
elevated requirements during the mating period. Due to the 
fact that approximately 66% of foetal growth occurs dur-
ing the last six weeks of gestation, ewes in late gestation 
require an increased calorie intake, similar to the beginning 
of the breeding season (Morrical, 2017; Pond et al., 2005). 
Sheep depend on the microbial population in their rumen 
to produce essential amino acids through synthesis. Accord-
ing to Pond et al. (2005), the amount of protein in the diet 
is more important than its quality. Nevertheless, meals that 
are rich in protein tend to be the most expensive. In order to 
minimize this expense, it is imperative to consider alterna-
tive sources of protein and energy. As ruminants, sheep can 
utilize agro-industrial by-products unlike monogastrics, so 
by-product protein supplements could be beneficial to pro-
ducers (Clark, 2023).

Table 4. The lowest level of quantification (LLOQ) and cannabinoid content of various components of cannabis, including plants, leaves, flow-
ers, seed heads, straw from seed harvesting and washing, and extracted flower (Kleinhenz et al., 2020)

Cannabinoid
Plant sample

LLOQ Whole 
plant Leaves Stalks Hemp 

flower
Seed 
heads Cleanings Extracted 

flower

Cannabinol (μg/g) 0.1 9 31 4 27 11 7 21

Δ9-Tetrahydrocannabinol (μg/g) 0.1 186 573 31 664 275 158 301

Δ9-Tetrahydrocannabinolic acid A (μg/g) 0.25 626 4,609 119 3,379 1,228 458 16

Δ8-Tetrahydrocannabinol (μg/g) 0.1 ND ND ND ND ND ND ND

Cannabichromene (μg/g) 0.1 192 417 49 513 68 140 ND

Cannabidiol (μg/g) 0.25 721 3,347 132 3,509 262 463 8,062

Tetrahydrocannabivarin (μg/g) 0.25 30 2 ND 1 303 2 ND

Cannabidiolic acid (μg/g) 0.1 4,870 36,920 1,705 32,900 3,184 5,309 1,960

Cannabigerolic acid (μg/g) 0.5 519 1,788 362 1938 285 654 154

Cannabichromenic (μg/g) 0.5 851 4,041 500 2,916 411 663 ND

Cannabigerol (μg/g) 0.1 67 293 28 230 23 79 ND

ND = non-detected. 
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There is a limited amount of research available in the 
literature regarding the practice of feeding sheep with 
hemp and its derivatives. A summary of these studies can 
be found in Table 5 and even a more brief summary can 
be seen on Figure 6, while detailed discussions of men-
tioned studies can be found in following sub-sections.

Studies on fattening performance and carcass char-
acteristics

Mustafa et al. (1999) conducted one of the earliest re-
search documented in the literature. The researchers studied 
20 growing Suffolk ram lambs (initial weight 84.3±7.0 kg) 
and discovered that including 200 g/kg of hemp meal into 
the sheep’s diet did not result in any changes in their feed 
intake or overall digestibility measurements. These findings 
indicate that substituting canola meal with hemp meal does 
not adversely affect the sheep’s nutritional utilization. 

Lately, there has been a surge of interest in studying 
the potential benefits of adding hemp seeds and hemp-

seed meal into sheep diets. Incorporating 25% hemp seed 
into concentrate meals, Mierlita (2016) investigated the 
fattening capabilities of 40 multiparous Turcana ewes 
(body weight (BW) 45.7±1.71 kg) in mid lactation (60–
80 days of lactation and three months postpartum). One 
of the main treatment factors was the feeding system: in-
doors during the entire experiment and receiving 1400 g 
DM grass hay/d; or part-time grazing of 4 h/day + 700 
g DM grass hay/d. All animals received 700 g DM con-
centrate for lactating sheep per day, divided into equal 
halves and given at the morning and evening milkings. 
The second main treatment was the supplementation of 
fat vs. no fat. As a source of fat, hemp seed was used, 
which contained 32.7% crude fat and had a high content 
of linoleic acid (56.5% of total fatty acid methyl esters 
(FAME)) and linolenic acid (21.2% of FAME). Reports 
indicate that this feeding schedule leads to an augmenta-
tion in the fat content of milk and the energy-adjusted 
milk production. Researchers suggest that the slow re-

Table 5. Summary of research on industrial hemp nutrition in sheep

Research Topic Breed/Sex/Age/N Results Source

The effects of hemp meal supplementation 
(200 g/kg DM) on sheep

20 Suffolk lambs No negative effects Mustafa et al. 
(1999)

Effects of 25% hemp seed inclusion to diets of 
sheep on performance and carcass parameters

40 Turcana ewes at 
60–80 days of lactation

Increase in total fatty acids, CLA and milk con-
tent

Mierlita (2016)

Effects of feeding with hemp seed and hemp-
seed cake on milk yield and content

30 Turcana dairy ewes Increased yield,
Increased ALA, PUFA and MUFA content

Mierlita (2018)

Effects of 5% hemp seed inclusion to diets on 
chemical content of milk and cheese

32 crossbred dairy ewes Increased lactose concentration Ianni et al. 
(2020)

RNA sequencing of blood transcriptome of 
sheep fed with 0% and 5% hemp seed

10 crossbred dairy ewes Positive effect on energy production pathway Iannaccone et al. 
(2019)

Effects of feeding with diets including differ-
ent levels of hemp stalks on performance, ru-
men parameters and cannabinoid residue

15 castrated males at 12 
months of age

Increased acetic and butyric acid,
Improved protein digestion,
Trace levels of THCA in plasma

Krebs et al. 
(2021)

Effects of including 42% hemp green parts 
to diet on digestibility, rumen parameters and 
cannabinoid residue

12 Merino ewes Lower levels of water consumption and faecal 
water excretion, reduced concentration of am-
monia in rumen, reduced propionic acid and in-
creased butyric acid levels

Stevens et al. 
(2022)

Effects of including 0%, 5%, 10%, 15% and 
20% hempseed meal to diets on feed intake 
and digestibility.

40 Western White-Faced 
wethers

No difference in dry matter intake and no dif-
ference in Ca, Mg, K, Na digestibility between 
groups

Butts et al. 
(2022)

Effects of different CP and hemp seed levels 
on performance and carcass parameters

24 Baluchi male lambs Hemp seed presence improved dry matter and CP 
digestibility, lowered ruminal NH3-N and ciliate 
protozoa, improved levels of microbial protein 
production

Jalilvand et al. 
(2019)

Effects of full-fat hemp seed inclusion on per-
formance and carcass parameters in two dif-
ferent CP levels

30 Baluchi male lambs High protein and hemp seed group showed im-
proved values of dry matter intake, daily weight 
gain, final body weight and hot carcass weight

Dayani et al. 
(2022)

Effects of hemp cake on metabolic profile and 
antioxidant status

20 Merinolandschaf 
lambs at 70 days of age

No effect on antioxidant status of the lambs Antunović et al. 
(2021)

Effects of 0 ml, 5 ml and 10 ml of hemp oil 
addition on growth and blood serum indicators

18 Ivesi lambs Significant differences in enzyme activity but 
no change in serum glucose levels. Improved 
growth performance

Al-Obadiy et al. 
(2022)

Effects of adding spent hemp biomass to diet 
on performance, carcass parameters, meat 
quality and haematological indicators

35 Polypay male lambs No effect on blood parameters, no differences in 
carcass and meat quality, potential improvement 
in long-term feed intake

Parker et al. 
(2022)
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lease of unsaturated fatty acids from hemp seeds in the 
rumen may be responsible for reducing the levels of 
trans fatty acids and preventing milk fat depression. The 
feeding regimens did not influence the protein content in 
milk. Incorporating hemp seed resulted in an increase in 
the levels of n-3 and n-6 fatty acids, which are classified 
as total polyunsaturated fats. Hemp seed supplementa-
tion resulted in a twofold rise in the conjugated linoleic 
acid (CLA) content in the indoor feeding system, from 
1.13% to 2.29% of total fatty acids. Additionally, it led 
to a 37% increase in the milk content of grazing ewes, as 
reported by Mierlita in 2016.

In the research they conducted, Jalilvand et al. (2019) 
investigated the effects of different diets on 24 Baluchi 
male lambs, with 24±1 kg body weight and 4–5 months 
of age. The lambs were divided into three groups: a con-
trol group that received a diet with 14% crude protein, 
a treatment group that received a diet with 14% CP and 
10% HS, and another treatment group that received a diet 
with 12% CP and 10% HS. The duration of weight growth 
persisted for a cumulative period of 84 days, subsequent 
to an initial phase of 21 days for adaptation. The study 
assessed dry matter intake, daily body weight increase, 
cold and hot carcass weights, and apparent digestibility. 
Urine spot sampling was used to ascertain the presence 
of purine derivatives. Rumen fluid samples were ob-
tained using an oesophagus tube connected to a vacuum 
pump. This was conducted both prior to and three hours 
following the morning meal on the concluding day of the 
trial. Subsequently, the pH and ammonia nitrogen (NH3-
N) levels were examined. The incorporation of HS into 
the lambs’ diets had a significant effect on their dry mat-
ter intake, average daily growth, and final body weight. 
Lambs that were provided a diet containing 14% CP dis-
played the greatest levels of dry matter intake and aver-
age daily growth. The lambs that were nourished with  
a diet consisting of HS containing 14% and 12% CP had 
final body weights of 46.11 kg and 43.03 kg, respective-
ly. The weights of the experimental group exceeded those 
of the control group, which had a final weight of 42 kg. 
Lamb diets supplemented with HS significantly affected 
the digestibility of DM and CP (P<0.05). The concentra-
tion of ruminal NH3-N, as well as the total protozoa and 
Holotricha population, were significantly affected by the 
experimental diets. Lambs that were fed with hempseed 
diet had the least amount of ciliate protozoa and the low-
est levels of ruminal NH3-N. Lambs that were fed with 
hempseed diet showed a higher level of microbial protein 
production in comparison to the control group. Accord-
ing to Jalilvand et al. (2019), it is advised to include 10% 
hemp seed in lamb diets in order to improve microbial 
protein production, leading to increased average daily 
gain and final body weight.

Parallel to previously mentioned study of Jalilvand et 
al. (2019), Dayani et al. (2022) sought to investigate the 
impact of including full-fat hemp seed (HS) and vary-
ing levels of CP in the diet on the performance, carcass 
parameters, and haemato-chemical parameters of lambs. 

A total of thirty male lambs of the Baluchi breed were 
observed for a period of 84 days. The lambs were divided 
into three distinct groups: (1) lambs that were fed a diet 
containing 14% CP without any hemp seed (control), (2) 
lambs that were fed a diet containing 14% CP with 10% 
hemp seed (HPHS), and (3) lambs that were fed a diet 
containing 12% CP with 10% hemp seed (LPHS). The 
study found that lambs who received HPHS had nota-
bly greater dry matter intake (DMI), daily weight gain 
(DWG), final live weight, hot carcass weight, and fat-
tail weight compared to the other groups. Furthermore, 
it was observed that the feed conversion ratio showed a 
considerable improvement while using HS feeding. The 
serum of lambs fed HPHS and LPHS exhibited the most 
elevated levels of glucose, total protein, and albumin. 
The inclusion of HS in the diet was found to dramati-
cally elevate the levels of high-density lipoproteins and 
cholesterol in the bloodstream of lambs.

Studies on dairy ewes
Mierlita (2018) enhanced a feed mixture given to 30 

Turcana dairy ewes selected to form three groups, which 
were balanced for milk production (0.75±0.02 kg/d per 
head), body weight (BW) (44.6±0.8 kg), dry matter in-
take (2.12±0.04 kg/d), and number of lactations (2–3 
lactations). Groups were randomly assigned to three di-
etary treatments consisting of a control diet composed 
of hay and completed with concentrates (high-energy 
concentrate and sunflower meal) and two experimental 
diets designed to provide the same amount of fat via 
hemp seed (180 g/d) (HS diet) or hempseed cake (480 
g/d) (HC diet). Each diet was formulated based on iso-
energetic principles. Furthermore, it is worth noting that 
ewes that were provided with hemp meal or seeds exhib-
ited a higher milk output compared to the control group. 
This can be attributed to the fact that the amino acids 
included in hemp are optimally balanced to facilitate the 
development of both milk fat and milk protein. The in-
clusion of hemp seeds in sheep diets, as observed in the 
Mierlita (2016) study, resulted in an improved fatty acid 
composition of sheep milk. This was characterized by 
a higher proportion of total n-3 fatty acids and rumenic 
acid (also known as CLA, having the chemical formula 
C18:2 c9 t11). This enhancement was noted without any 
detrimental impact on milk yield. In the study conducted 
by Mierlita (2018), it was found that the inclusion of 
hemp seed in sheep milk increased the concentration of 
ALA by 66%. Similarly, the addition of hempseed cake 
resulted in a 49% rise in the concentration of ALA. The 
levels of polyunsaturated fatty acids (PUFA), monoun-
saturated fatty acids (MUFA), and long-chain fatty acids 
(LCFA) increased, whereas the levels of saturated fatty 
acids (SFA), short-chain fatty acids (SCFA), and medi-
um-chain fatty acids (MCFA) decreased.

According to Mierlita (2018), hemp meal was found 
to be less effective than whole seeds in increasing the 
amount of ALA in milk. This is because hemp meal di-
rectly provides fatty acids to the rumen fluid. This occurs 
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because hemp meal greatly enhances the process of bio-
hydrogenation of ALA in the rumen. Moreover, replacing 
hempseed diets with hemp meal in sheep feed increases 
the likelihood of raising the levels of CLA and vaccenic 
acid (VA) in milk. The transfer of fatty acids from feed 
to milk is influenced by several parameters, including the 
type of fat supplement and the interaction between the 
fat supply and rumen microbes. During this process, fatty 
acids undergo lipolysis and biohydrogenation to create 
C18:0 (Cremonesi et al., 2018). The study conducted by 
Mierlita (2018) showed that sheep milk had a greater 
overall antioxidant capacity when sheep were provided 
with diets containing hemp seed or hempseed meal. This 
was apparent from the elevated amounts of α-tocopherol 
and reduced levels of malondialdehyde in the milk. These 
data indicate that incorporating hemp seed or hempseed 
meal into the sheep’s diet contributed to the preservation 
of the milk’s oxidative stability.

In 2019, Klir et al. (2019) published a review on hemp 
usage in animal nutrition. Researchers summarized above 
mentioned studies on sheep by Mustafa et al. (1999) and 
Mierlita (2016, 2018) and concluded feeding ewes with 
addition of hemp seeds (180 g/day) or hempseed cake 
(480 g/day), higher milk fat content was observed with 
higher proportions of LA, CLA and ALA. These authors 
indicated the possibility of using hemp in diets of sheep 
without major changes in production, and with possible 
increase of desirable fatty acids in sheep products.

After aforementioned review of Klir et al. (2019), 
recently in 2024 two separate reviews on hemp (Can-
nabis sativa L.) usage in farm animal nutrition have 
been published. Altman et al. (2024) focused on utiliz-
ing hemp by-products in livestock diets, while Muedi et 
al. (2024) were focusing on farm animal’s productivity, 
health and reproductive performance. Although these 
reviews include studies about sheep, since the relevant 
data is scarce and sheep was not the only focus of both 
reviews, there is only limited information about the spe-
cies regarding the hemp usage in nutrition. It can be said 
that increased milk yields were observed in sheep supple-
mented with either hemp seed or hempseed cake relative 
to non-supplemented controls. Similarly, protein yield 
(g/d), milk protein composition, and milk urea nitrogen 
have been reported to not be influenced by hemp seed 
or hempseed cake inclusion. Total saturated fatty acid 
content in milk has been reported to decrease with hemp 
seed inclusion in sheep. Compared with no supplementa-
tion, linoleic acid tended to be greater in hemp seed fed 
sheep, but α-linolenic acid was not different (Altman et 
al., 2024; Muedi et al., 2024).

Ianni et al. (2020) evaluated the effect of including 
hemp seeds (at a concentration of 5% on a dry matter 
basis) into the diet of thirty-two crossbred dairy ewes on 
the chemical content of the milk and cheese they pro-
duced. Upon including HS into the diet of dairy ewes, the 
lactose concentration increased significantly from 4.69% 
to 5.84%. However, no noticeable alterations were ob-
served in the levels of casein, urea, protein, or milk fat. 

Moreover, no modifications in the overall fat, protein, or 
ash composition of the final cheeses were detected. Ian-
naccone et al. (2019) conducted the initial RNA sequenc-
ing of the complete blood transcriptome in sheep belong-
ing to two experimental groups (0% and 5% hemp seeds 
in DM) during the experiment documented by Ianni et 
al. (2020). Feeding ewes with hemp seeds enhances the 
processes involved in energy production. This may also 
enhance the ability to withstand adverse weather condi-
tions such as frigid temperatures.

Studies on biochemical parameters
In a recent study, Krebs et al. (2021) examined the 

impact of incorporating hemp stalks in pelleted diets on 
feed intake, nutrient digestibility, performance, rumen 
parameters, and carcass characteristics in 15 castrated 
male sheep (body weight (BW) 54.09±6.09 kg) of ap-
proximately 12 months of age. Animals were individu-
ally housed in separate pens and provided with one of 
three pelleted diets. These diets consisted of 0%, 28%, 
or 56% hemp stalks. The addition of hemp stalks had no 
impact on body weight gain, dry matter intake, or feed 
conversion ratio. However, it was seen to enhance nutri-
tional digestibility. Supplementing with hemp stalks has 
been found to increase the levels of acetic and butyric 
acids. Additionally, it was discovered that changes in 
the composition of bacteria in the rumen, namely those 
that break down cellulose, resulted in higher levels and 
proportions of butyric, valeric, hexanoic, and heptanoic 
acids. This also led to an improvement in the ability to 
digest proteins. The study indicated that only trace lev-
els (<16 μg/L) of tetrahydrocannabinolic acid (THCA) 
were detected in the plasma of sheep. This was the only 
remnant of cannabinoid observed in the groups that had 
undergone cannabis treatment. None of the plasma sam-
ples tested positive for the hallucinogenic cannabinoid 
delta-9-tetrahydrocannabinol. However, it is important 
to note that all sheep that were given hemp stalks as feed 
had THCA present in their kidney and subcutaneous fat. 
Additionally, the meat from the groups of sheep that re-
ceived the hemp stalk treatment contained measurable 
quantities of THCA. Although no further cannabinoid 
residues were found, the researchers emphasized the 
need to seek legal permissions in order to improve upon 
the existing findings.

In a correlated investigation, Stevens et al. (2022) 
employed a control group and incorporated 42% hemp 
green parts into the diet of 12 Merino ewes (BW 
45.2±1.40 kg; mean ± SE) to scrutinize the digestibility 
of nutrients, rumen parameters, and the presence of can-
nabinoid residues in sheep-derived products. No dispari-
ties were observed in the groups’ ability to digest dry ma-
terials, organic matter, or crude protein. In contrast, the 
hemp group demonstrated significantly lower levels of 
water consumption, faecal water excretion, and digestion 
of ADF and NDF. The hemp group had a reduced con-
centration of ammonia in the rumen, whereas the rumen 
pH remained unchanged among all the groups. Sheep 
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that were given hemp as feed exhibited reduced levels of 
propionic acid and elevated levels of butyric and hexa-
noic acids. Upon comparing the cannabinoid residues of 
the two groups, it was seen that all sheep in the hemp 
group had cannabinoid residues in their plasma, while no 
residues were detected in the control group. Green hemp 
biomass is a suitable source of nutrition for sheep in this 
scenario. However, due to the presence of cannabinoid 
residues, it is not permissible to include it in sheep diets 
according to the relevant rules.

Clark (2023) sought to assess the ecological conse-
quences of incorporating hempseed meal as a protein 
supplement in sheep farming. By using the data obtained 
by Butts et al. (2022), in which 5 isonitrogenous and 
isocaloric diets, with 0, 5, 10, 15, or 20% of diet DM 
as hempseed meal, were fed to 40 Western White-Faced 
wethers (eight per treatment). The wethers were fed for 
90 days, followed by a five-day balance trial with total 
collection of urine and faeces. The study found no differ-
ence in DMI or ADG between treatments, and no differ-
ence in Ca, Mg, K, or Na digestibility (Butts et al., 2022). 
The authors concluded that hempseed meal has no harm-
ful effects and is comparable to other protein supple-
ments (Butts et al., 2022). The Clark’s (2023) study was 
conducted in three distinct production systems, includ-
ing the soybean meal diet, hemp diet, and organic hemp 
diet. Upon completion of the study, it was documented 
that incorporating hempseed meal into the fattening feed 
resulted in a decrease in the environmental footprint of 
sheep production systems.

Antunović et al. (2021) examined the impact of hemp 
cake on the production characteristics, metabolic profile, 
and antioxidant status of lambs. The duration of the ex-
periment was 30 days and it involved a group of twenty 
Merinolandschaf lambs after they were weaned at the 
average age of 70 days. The control group lambs were 
provided with feed mixtures including soybean meal and 
extruded soybeans (SB) as the primary protein source, 
whereas the experimental group lambs were given feed 
mixtures in which soybeans were substituted with 12% 
hempseed cake (HSC). The diets of lambs fed with hemp-
seed cake had no significant impact on the activity of en-
zymes such as aspartate aminotransferase (AST), alanine 
aminotransferase (ALT), alkaline phosphatase (ALP), 
γ-glutamyl transferase (GGT), creatine kinase (CK), su-
peroxide dismutase (SOD), and glutathione peroxidase 
(GPx) (P>0.05). Consequently, the antioxidant status of 
the lambs’ blood remained unaffected. Overall, this study 
has indicated that replacing soybeans with up to 12% 
HSC in the diet of lambs is justifiable. This conclusion 
is based on the analysis of various factors including the 
production characteristics of the lambs, the metabolic 
profile of their blood, and the fatty acids and antioxi-
dant status of the meat. Furthermore, further investiga-
tion is required to explore the administration of elevated 
quantities of haematopoietic stem cells (HSCs) in the 
diets of lambs through a more extensive and prolonged 
experiment. This is necessary to ascertain a substantial 
enhancement in the fatty acid composition of lamb flesh, 
as well as an improvement in their antioxidant capacity.

Figure 6. Summarizing the effects of feeding hemp products in sheep
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Al-Obaidy et al. (2022) examined the impact of can-
nabis oil as a food supplement on the growth characteris-
tics and biochemical indicators in the blood serum of 18 
Awassi lambs aged 6–8 months and weighing 25–30 kg. 
During the 30-day experiment, lambs were separated into 
three groups. The first group served as a control group 
and did not receive any treatment. The second group was 
treated with a dose of 5 ml of cannabis oil, while the third 
group was given a dose of 10 ml of cannabis oil. The 
investigation revealed significant variations (P≤0.05) in 
cholesterol, total protein, albumin, globulin, blood urea, 
and ALT and AST enzyme activity. However, no signifi-
cant change was seen in serum glucose levels. The cur-
rent study showcased the advantageous impacts of ad-
ministering hemp oil at a dosage of 10 ml on the growth 
performance and some biochemical characteristics in the 
blood serum of rams. This supplementation may offer en-
hanced defence against oxidative harm.

The most common methods of hemp oil extraction 
are based on the use of cold ethanol or high-pressurized 
liquid CO2 which yields a byproduct called spent hemp 
biomass which is the main byproduct of the extraction 
process and currently has little to no other economic value 
for the hemp industry (Parker et al., 2022). In their study, 
Parker et al. (2022) examined the impact of adding spent 
hemp biomass (SHB) to the diet of lambs. They assessed 
how this supplementation affected the lambs’ perfor-
mance, carcass features, meat quality, and haematologi-
cal indicators. The study involved 35 male lambs of the 
Polypay breed that had been weaned. The lambs were di-
vided into five groups, with each group consisting of sev-
en lambs. The lambs were fed different diets for a period 
of four weeks. Some diets contained no SHB (control), 
while others contained SHB at a concentration of 10% 
(LH1) or 20% (HH1). After the four-week feeding peri-
od, there was a four-week period during which the lambs 
were not fed SHB. Another set of lambs were fed SHB at 
a concentration of 10% (LH2) or 20% (HH2) for a total 
of eight weeks. Upon conclusion of the study, chemical 
analysis revealed that SHB had a nutritional composition 
comparable to that of lucerne, devoid of any mycotoxins, 
terpenes, or organic residues as a consequence of the ex-
traction procedure. The feed consumption of lambs was 
adversely impacted by a 20% reduction in the availability 
of high-quality feed during period 1. However, this det-
rimental effect was not observed during period 2, which 
had the maximum feed intake levels at high-quality feed 
source 1 and low-quality feed source 2. However, there 
were no significant differences observed in any of the 
performance data, such as body weight gains, between 
the groups and time periods. During period 1, the levels 
of blood glucose, cholesterol, calcium, paraoxonase, and 
tocopherol were reduced, whereas the levels of bilirubin 
and alkaline phosphatase (ALP) increased compared to 
the levels of SHB fed. During period 2, LH2 and HH2 
exhibited greater levels of blood urea, magnesium, bili-
rubin, ALP concentration, and ferric reducing ability of 
plasma (FRAP) compared to control. Conversely, HH2 

showed lower levels of β-hydroxybutyrate. The diet of 
SHB did not have any impact on blood parameters asso-
ciated with liver health, kidney function, immunological 
status, and inflammation. There were no significant dif-
ferences observed in carcass and meat quality measures 
across the different feeding groups. Furthermore, while 
the initial decreased consumption of lambs fed 20% SHB 
in period 1 may suggest that SHB is not appetizing to 
lambs, the subsequent increase in feed intake at a lower 
level of 10% in period 2 may indicate a beneficial impact 
on long-term feed consumption.

Conclusions
Hemp and its by-products are ideal as novel feed 

sources for ruminant animals. However, few studies have 
evaluated their nutritional value and residues in animal 
products. The use of hemp seed and hemp meal as an 
alternative protein source in sheep diets is suitable for 
breeding without loss of performance. Increased milk 
yield was observed in ewes supplemented with hemp 
seed or hempseed meal compared to non-supplement-
ed controls. Similarly, protein yield (g/d), milk protein 
composition and milk urea nitrogen were not affected by 
the addition of hemp seed or hempseed meal. No differ-
ences in intake and growth performance were observed 
in ewes fed pellets containing different proportions of 
hemp stubble compared to those fed pellets containing 
oat straw. However, the data are difficult to interpret due 
to the very limited number of studies and the presence 
of multiple variables in these studies. There is a need to 
bridge the gap in understanding the effect of hemp and 
its by-products on growth performance, nutrient digest-
ibility, ruminal fermentation, blood metabolites, carcass 
and meat quality. The presence of any cannabinoid resi-
dues in commercial products such as meat and milk is 
prohibited by many countries; therefore, the inclusion 
of hemp-related by-products in livestock diets should be 
done with caution.

Hempseed meal can replace soybean meal or canola 
meal without reducing performance. More digestible 
protein increases ruminal undegradable protein. In addi-
tion, the use of hemp seed and hempseed oil can reduce 
ruminal methane production, slow release of unsaturated 
fatty acids in the rumen, increase ALA concentrations, 
increase CLA and total n-3 concentrations, improve the 
fatty acid profile of sheep milk, contribute to the main-
tenance of oxidative stability of milk. With the use of 
hempseed meal in different ratios in diets, beneficial ef-
fects on energy metabolism, which can affect cold and 
heat stress parameters, can be observed. By improving 
faecal wastes, the harmful effects of sheep production on 
the environment can be reduced. Meat quality parameters 
can be improved by increasing meat antioxidant activity 
and microbial quality.

The use of hemp seed and meal as an alternative feed 
ingredient in sheep feeding, both as a roughage source 
under grazing-based feeding conditions and as a protein 
source, has positive effects not only in terms of prevent-
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ing performance loss, but also in terms of antioxidant ef-
fect, improving fatty acid profile, regulating rumen me-
tabolism, improving meat quality and blood parameters. 
These benefits include improved nutrition, potential anti-
inflammatory effects and support of overall sheep health. 
However, further research is required to determine opti-
mum inclusion levels, assess potential interactions and 
ensure compliance with regulatory standards to utilize 
the full potential of industrial hemp while maintaining 
animal welfare.

Author contributions 
All authors contributed equally to the writing of this 

paper. All authors have read and agreed to the published 
version of the manuscript.

Conflict of interest 
The authors declare no competing interests.

References

AAFCO (2017). Guidelines on Hemp in Animal Food. https://oisc.
purdue.edu/hemp/pdf/aafco_guidelines_ hemp_animal_food.pdf 
(accessed on 20 November 2023).

Addo F., Ominski K., Yang C., Plaizier J.C. (2023). Quality and safety 
of hemp meal as a protein supplement for nonlactating dairy cows. 
J. Dairy Sci., 106: 7602–7612. 

Agreste (2022). Chiffres agricole annuelle, Republique Fran-
çaise November 2021, No:15. Online access: cd2022-15_
SAA_2021DéfiniifV2.pdf (accessed on 01 December 2023).

Ali E.M.M., Almagboul A.Z.I., Khogali S.M.E., Gergeir U.M.A. 
(2012). Antimicrobial activity of Cannabis sativa L. J. Chin. 
Med., 3: 61–64.

AL-Obaidy M.H., Mohammed S.J., Baker A.G., Palani Z.M. (2022). 
Effect cannabis oil on the growth performance and some biochem-
ical indicators in blood serum of male lambs Awassi breed sheep. 
J. Curr. Res. Eng., 8: 181–186. 

Altman A.W., Kent-Dennis C., Klotz J.L., McLeod K.R., Vanzant E.S., 
Harmon D.L. (2024). Utilizing industrial hemp (Cannabis sativa 
L.) by-products in livestock rations. Anim. Feed. Sci. Technol., 
307: 115850.

Andre C.M., Hausman J.F., Guerriero G. (2016). Cannabis sativa: the 
plant of the thousand and one molecules. Front. Plant. Sci., 7: 19.

Anonymous (2022). Commission Regulation (EU) No 2017/1017 
of 15 June 2017 Amending Regulation (EU) No 68/2013 on the 
Catalogue of Feed Materials. OJEU 2017, 159, 48–119. Available 
online: EUR-Lex - CELEX:32017 R1017 - TR - EUR-Lex (eu-
ropa.eu) (accessed on 10 September 2023).

Antunović Z., Šalavardić Ž.K., Steiner Z., Đidara M., Ćavar S., Ronta 
M., Šabić A.M., Pavić V., Novoselec J. (2021). The influence of 
hempseed cake on production traits, metabolic profile and anti-
oxidant status of Merinolandschaf lambs. Ann. Anim. Sci., 21: 
991–1006. 

Arango S., Bacchin E., Fontana F., Montanari M., Bailoni L. (2021). 
Agronomical traits and chemical characterization of whole plant 
and botanical parts of six varieties of hemp cultivated in Veneto 
Region. Proc. 24th ASPA Congress, Animal Science and Society 
Concerns, 15–18.06.2021, Padova, Italy.

Axelsson J. (1941). Der Gehalt des Futters an umsetzbarer Energie (in 
German). Züchtungskunde, 16: 337–347. 

Bailoni L., Bacchin E., Trocino A., Arango S. (2021). Hemp (Can-
nabis sativa L.) seed and co-products inclusion in diets for dairy 
ruminants: A review. Animals, 11: 856. 

Burton R.A., Andres M., Cole M., Cowley J.M., Augustin M.A. 
(2022). Industrial hemp seed: From the field to value-added food 
ingredients. J. Cannabis Res., 4: 45. 

Butts M., Hallmark H.D., Murray R.G., Lente L., de Bisneto O.A.G., 
Garcia G., Thorndyke M.P., Dillon J.A., Archibeque S.L. (2022). 
PSIII-9 hempseed meal as an effective protein supplement for fin-
ishing wethers. J. Anim. Sci., 100: 243–244. 

Callaway J.C. (2004). Hemp seed as a nutritional resource: An over-
view. Euphytica, 140: 65–72. 

Clark S.M. (2023). Life cycle environmental impacts of utilizing hemp 
seed meal as a protein source in sheep feedlot rations (Doctoral 
dissertation, Colorado State University).

Cozma A., Andrei S., Pintea A., Miere D., Filip L., Loghin F., Ferlay 
A. (2015). Effect of hemp seed oil supplementation on plasma 
lipid profile, liver function, milk fatty acid, cholesterol, and vi-
tamin A concentrations in Carpathian goats. Czech. J. Anim. Sci., 
60: 289–301. 

Cremonesi P., Conte G., Severgnini M., Turri F., Capra E., Rapetti L., 
Colombini S., Chessa S., Batelli G., Alves S. P., Mele M., Casti-
glioni B. (2018). Evaluation of the effects of different diets on mi-
crobiome diversity and the fatty acid composition of rumen liquor 
in dairy goats. Animal, 12: 1856–1866. 

Dayani O., Amjazi K.K., Jalilvand G., Banadaky M.D., Dadvar P. 
(2022). Feeding full-fat hemp seeds in low crude protein diets of 
fattening lambs: effects on performance, carcass characteristics 
and blood metabolites. https://ssrn.com/abstract=4299990 or http://
dx.doi.org/10.2139/ssrn.4299990 (accessed on 01 November 2023).

EFSA (2011). Scientific opinion on the safety of hemp (Cannabis ge-
nus) for use as animal feed. EFSA J., 9: 1–41. 

Ely K., Fike J. (2022). Industrial hemp and hemp by-products as sus-
tainable feedstuffs in livestock diets. In: Cannabis/hemp for sus-
tainable agriculture and materials, Agrawal D.C., Kumar R., Dha-
nasekaran M. (eds). Springer, Singapore, pp. 145–162.

Fallahi S., Bobak Ł., Opaliński S. (2022). Hemp in animal diets – can-
nabidiol. Animals, 12: 2541. 

FAOSTAT (2023). Food and agricultural data, hhtps://www.fao.org/
faostat/en/#home. (access on 15 November 2023).

Farinon B., Molinari R., Costantini L., Merendino N. (2020). The seed 
of industrial hemp (Cannabis sativa L.): Nutritional quality and 
potential functionality for human health and nutrition. Nutrients, 
12: 1935.

Gibb D.J., Shah M.A., Mir P.S., McAllister T.A. (2005). Effect of full-
fat hemp seed on performance and tissue fatty acids of feedlot 
cattle. Can. J. Anim. Sci., 85: 223–230. 

Głodowska M., Łyszcz M. (2017). Cannabis sativa L. and its anti-
microbial properties – a review. In: Badania i rozwój młodych 
naukowcow w Polsce. Agronomia i ochrona roślin, Leśny J., 
Chojnicki B., Panfil M., Nyćkowiak J. (eds). Młodzi Naukowcy, 
Poznań, Poland, pp. 77–82.

Grand View Research (2023). Industrial Hemp Market Size, Share & 
Trends Analysis Report By-Product (Seeds, Fiber, Shives), By 
Application (Animal Care, Textiles, Personal Care), By Region 
(North America, APAC), and Segment Forecasts, 2022–2030. 
https://www.grandviewresearch.com/industry-analysis/industrial-
hemp-market (accessed on 08 November 2023).

Gurung R., Ale K.B., Abrahamsen F.W., Moyer K., Sawyer J.T., Gu-
rung N.K. (2022). Carcass traits of growing meat goats fed differ-
ent levels of hemp seed meal. Animals, 12: 1986. 

Habenau M., Gheorghe A., Surdu I., Chedea V.S., Beia I. (2018). N-3 
PUFA-enriched hemp seed diet modifies beneficially sow milk 
composition and piglets’ performances. Cellulose, 63: 40–45.

Hartsel J.A., Eades J., Hickory B., Alexandros M. (2016). Cannabis 
sativa and hemp. In: Gupta RC, editor. Nutraceuticals: Efficacy, 
Safety and Toxicity. London, UK, Academic Press, pp. 735–54.

Hazekamp A., Fischedick J.T., Llano M.D., Lubbe A., Ruhaak R.L. 
(2010). Chemistry of cannabis. In: Comprehensive Natural Prod-
ucts II: Chemistry and Biology, Liu H.W. (Ben), Mander L. (eds). 
London, Elsevier, pp., 1033–1084.

Hessle A., Eriksson M., Nadeau E., Turner T., Johansson B. (2008). 
Cold-pressed hempseed cake as a protein feed for growing cattle. 
Acta Agric. Scand. Sect. A., 58: 136–145.

House J.D., Neufeld J., Leson G. (2010). Evaluating the quality of 
protein from hemp seed (Cannabis sativa L.) products through the 
use of the protein digestibility-corrected amino acid score method. 
J. Agric. Food Chem., 58: 11801–11807.



172 H.O. Taşkesen et al.

Iannaccone M., Ianni A., Contaldi F., Esposito S., Martino C., Bennato 
F., De Angelis E., Grotta L., Pomilio F., Giansante D., Martino 
G. (2019). Whole blood transcriptome analysis in ewes fed with 
hemp seed supplemented diet. Sci. Rep., 9: 16192. 

Ianni A., Di Domenico M., Bennato F., Peserico A., Martino C., Rin-
aldi A., Candeloro L., Grotta L., Camma C., Pomilio F., Martino 
G. (2020). Metagenomic and volatile profiles of ripened cheese 
obtained from dairy ewes fed a dietary hemp seed supplementa-
tion. J. Dairy Sci., 103: 5882–5892.

INRA (2007). Institut National de la Recherche Agronomique. Ali-
mentation des Bovins, Ovins et Caprins: Besoins des Animaux, 
Valeurs des Aliments; Quae Èditions, Versailles, France, 2007, pp. 
150–163.

Jalilvand G., Dayani O., Dehghan Banadaky M. (2019). Effects of 
feeding hemp seeds in diets with different levels of crude protein 
on performance, digestibility, ruminal metabolites and synthesis 
of microbial protein in Baluchi fattening lambs. J. Rum. Res., 7: 
33–58. 

Kalaitsidis K., Parissi Z., Theodoridis A., Tsaliki E., Vasilopoulou K., 
Dokou S., Lazari D., Valergakis G., Giannenas I. (2023). Evalua-
tion of hemp cake (Cannabis sativa) and other hemp by-products 
of Greek origin and efficacy in dairy cow nutrition. Archiva Zoo-
technica, 26: 149–170. 

Karlsson L., Finell M., Martinsson K. (2010). Effects of increasing 
amounts of hempseed cake in the diet of dairy cows on the produc-
tion and composition of milk. Animal, 4: 1854–1860. 

Kaur G., Kander R. (2023). The sustainability of industrial hemp: A 
literature review of its economic, environmental, and social sus-
tainability. Sustainability, 15: 6457. 

Kleinhenz M.D., Magnin G., Ensley S.M., Griffin J.J., Goeser J., 
Lynch E., Coetzee J.F. (2020). Nutrient concentrations, digest-
ibility, and cannabinoid concentrations of industrial hemp plant 
components. Appl. Anim. Sci., 36: 489–494. 

Klir Ž., Novoselec J., Antunović Z. (2019). An overview on the use 
of hemp (Cannabis sativa L.) in animal nutrition. Poljoprivreda, 
25: 52–61. 

Krebs G.L., DeRosa D.W., White D.M., Blake B.L., Dods K.C., May 
C.D., Tai Z.X., Clayton E.H., Lynch E.E. (2021). Intake, nutrient 
digestibility, rumen parameters, growth rate, carcase characteris-
tics and cannabinoid residues of sheep fed pelleted rations con-
taining hemp (Cannabis sativa L.) stubble. Transl. Anim. Sci., 5: 
1–13. 

Mierlita D. (2016). Fatty acid profile and health lipid indices in the raw 
milk of ewes grazing part-time and hemp seed supplementation of 
lactating ewes. S. Afr. J. Anim. Sci., 46: 237–246.

Mierlita D. (2018). Effects of diets containing hemp seeds or hemp 
cake on fatty acid composition and oxidative stability of sheep 
milk. S. Afr. J. Anim. Sci., 48: 504–515.

Mierlita D., Teușdea A.C., Matei M., Pascal C., Simeanu D., Pop 
I.M. (2024). Effect of dietary incorporation of hemp seeds alone  
or with dried fruit pomace on laying hens’ performance and on 
lipid composition and oxidation status of egg yolks. Animals, 14: 
750. 

Mihoc M., Pop G., Alexa E., Radulov I. (2012). Nutritive quality of 
Romanian hemp varieties (Cannabis sativa L.) with special focus 
on oil and metal contents of seeds. Chem. Cent. J., 6: 122.

Montero L., Ballesteros-Vivas D., Gonzalez-Barrios A.F., del Pilar 
Sánchez-Camargo A. (2023). Hemp seeds: Nutritional value, as-
sociated bioactivities and the potential food applications in the 
Colombian context. Front. Nutr., 9: 1039180. 

Morrical D. (2017). Critical nutrition inputs for ewe nutrition. Virginia 
Shepherds’ Symposium. Virginia, USA, 13–14.01.2017. Access 
link: https://sas.vt.edu/content/dam/sas_vt_edu/documents/exten-
sion/sheep/shepherds-symposium/2017%20Sheep%20Sympo-
sium%20Proceedings.pdf

Muedi H.T.H., Kujoana T.C., Shai K., Mabelebele M., Sebola N.A. 
(2024). The use of industrial hemp (Cannabis sativa) on farm 
animal’s productivity, health and reproductive performance: a re-
view. Anim. Prod. Sci., 64: AN23268. 

Mustafa A.F., McKinnon J.J., Christensen D.A. (1999). The nutritive 
value of hemp meal for ruminants. Can J. Anim. Sci., 79: 91–95.

NRC (2001). National Research Council. Nutrient Requirements of 

Dairy Cattle, 7th ed. National Academy Press, Washington, DC, 
USA, pp. 405.

Parker N.B., Bionaz M., Ford H.R., Irawan A., Trevisi E., Ates S. 
(2022). Assessment of spent hemp biomass as a potential ingre-
dient in ruminant diet: Nutritional quality and effect on perfor-
mance, meat and carcass quality, and hematological parameters in 
finishing lambs. J. Anim. Sci., 100: 263.

Patsios S.I., Dedousi A., Sossidou E.Ν., Zdragas A. (2020). Sustain-
able animal feed protein through the cultivation of Yarrowia lipo-
lytica on agro-industrial wastes and by-products. Sustainability, 
12: 1398.

Pond W.G., Church D.C., Pond K.R., Schoknecht P.A. (2005). Basic 
Animal Nutrition and Feeding. John Wiley & Sons, Inc., New 
York, NY.

Raihan A., Bijoy T.R. (2023). A review of the industrial use and global 
sustainability of Cannabis sativa. Global Sust. Res., 2: 1–29.

Rizzo G., Storz M.A., Calapai G. (2023). The role of hemp (Cannabis 
sativa L.) as a functional food in vegetarian nutrition. Foods, 12: 
3505. 

Rovellini P., Folegatti L., Baglio D., De Cesarei S., Fusari P., Venturini 
S., Cavalieri A. (2013). Caratterizzazione chimica dell’olio otte-
nuto dalla spremitura a freddo dei semi di Cannabis sativa L. Riv. 
Ital. Sostanze Grasse, 90: 139–152.

Schultz C.J., Lim W.L., Khor S.F., Neumann K.A., Schulz J.M., An-
sari O. (2020). Consumer and health-related traits of seed from 
selected commercial and breeding lines of industrial hemp, Can-
nabis sativa L. J. Agric. Food Res., 2: 100025.

Semwogerere F., Katiyatiya CLF., Chikwanha OC., Marufu MC., 
Mapiye C. (2020). Bioavailability and bioefficacy of hemp by-
products in ruminant meat production and preservation: A review. 
Front. Vet. Sci., 7: 572906.

Silversides F.G., Lefrancois M.R. (2005). The effect of feeding hemp 
seed meal to laying hens. Br. Poult. Sci., 46: 231–235. 

Simiyu D.C., Jang J.H., Lee O.R. (2022). Understanding Cannabis 
sativa L.: current status of propagation, use, legalization, and 
haploid-inducer-mediated genetic engineering. Plants, 11: 1236.

Stambouli H., El Bouri A., Bellimam M.A., Bouayoun T., El Karni N. 
(2005). Cultivation of Cannabis sativa L. in northern Morocco. 
Bull. Narc., 57: 79–118. 

Šťastník O., Mrkvicová E., Pavlata L. (2022). Industrial hemp in ani-
mal feed applications. Industrial Hemp. Academic Press, 341–365.

Stevens S.A., Krebs G.L., Scrivener C.J., Noble G.K., Blake B.L., 
Dods K.C., May C.D., Tai Z.X., Clayton E.H., Lynch E.E., John-
son K.N. (2022). Nutrient digestibility, rumen parameters, and 
(cannabinoid) residues in sheep fed a pelleted diet containing 
green hemp (Cannabis sativa L.) biomass. Transl. Anim. Sci., 6: 
1–10.

Süzerer V., Tilkat E., Onay A., Fidan M. (2023). Industrial hemp seed: 
production, chemical content and potential uses for human nutri-
tion. Türk Bilimsel Derlemeler Dergisi, 16: 29–53

Tona G.O. (2018). Current and future improvements in livestock nu-
trition and feed resources. In: Animal Husbandry and Nutrition, 
Yücel B., Taşkin T. (eds). London, United Kingdom, IntechOpen, 
pp. 147–169.

van Hal O., de Boer I.J.M., Muller A., de Vries S., Erb K.H., Schader 
C., Gerrits W.J.J., van Zanten H.H.E. (2019). Upcycling food left-
overs and grass resources through livestock: Impact of livestock 
system and productivity. J. Clean Prod., 219: 485–496.

Vavilov N.I. (1992). Origin and geography of cultivated plants. Cam-
bridge University Press, Cambridge, p. 498. 

Vonapartis E., Aubin M.P., Seguin P., Mustafa A.F., Charron J.B. 
(2015). Seed composition of ten industrial hemp cultivars ap-
proved for production in Canada. J. Food Compos. Anal., 39: 
8–12. 

Wagner B., Gerletti P., Fürst P., Keuth O., Bernsmann T., Martin A., 
Pieper R. (2022). Transfer of cannabinoids into the milk of dairy 
cows fed with industrial hemp could lead to Δ9-THC exposure 
that exceeds acute reference dose. Nat. Food, 3: 921–932.

Wang S., Kreuzer M., Braunb U., Schwarm A. (2017). Effect of un-
conventional oilseeds (safflower, poppy, hemp, camelina) on in 
vitro ruminal methane production and fermentation. J. Sci. Food 
Agric., 97: 3864–3870. 



173Using hemp (Cannabis sativa L.) and its by-products in sheep nutrition

Wimalasiri E.M., Jahanshiri E., Chimonyo V.G., Kuruppuarachchi N., 
Suhairi T.A.S.T.M., Azam-Ali S.N., Gregory P.J. (2021). A frame-
work for the development of hemp (Cannabis sativa L.) as a crop 
for the future in tropical environments. Indust. Crops Prod., 172: 
113999.

Yano H., Fu W. (2023). Hemp: A sustainable plant with high industrial 
value in food processing. Foods, 12: 651.

Zimniewska M. (2022). Hemp fibre properties and processing target 
textile: A review. Materials, 15: 1901.

Received: 8 XII 2023
Accepted: 29 V 2024


