VETERINARY QUARTERLY
2023, VOL. 43, NO. 1, 1-12
https://doi.org/10.1080/01652176.2023.2260448

Taylor & Francis
Taylor &Francis Group

B OPEN ACCESS | ) Gheckor ot

Hemp seed (Cannabis sativa L.) cake as sustainable dietary additive in
slow-growing broilers: effects on performance, meat quality, oxidative
stability and gut health

Vincenzo Tufarelli?
Simona Tarricone®

, Luigi Tedone® (®), Letizia Passantino® (®,
and Maria Antonietta ColonnaP®

, Caterina Losacco?
, Vito Laudadio?

2Department of Precision and Regenerative Medicine and Jonian Area (DiMePRe-J), Section of Veterinary Science and Animal
Production, University of Bari Aldo Moro, Bari, Italy; ®Department of Soil, Plant and Food Science, University of Bari Aldo Moro, Bari,
Italy

ARTICLE HISTORY
Received 22 August 2023
Accepted 5 September
2023

ABSTRACT

Hemp seed cake (HSC) (Cannabis sativa L.) is a rich source of polyunsaturated fatty acids, high-
quality proteins and essential amino acids. The aim of this study was to evaluate the effects
of dietary inclusion of HSC on growth performance, meat quality traits, fatty acids profile and
oxidative status, and intestinal morphology in slow-growing broilers. A total of 180 male slow-
growing broilers were randomly assigned to one of three dietary treatments containing
different levels of HSC: 0 (HSCO), 5 (HSC5) or 10% (HSC10). Birds were slaughtered at 49days
of age: breast and thigh muscles were analysed and duodenum mucosa histomorphological
features were evaluated. Regardless the level of HSC inclusion, no differences among groups
were found for performance and meat quality traits. The thigh and breast fatty acid profile
were significantly improved in both HSC groups, with an increase of the long chain fatty acids
of n-3 series and decrease of n-6/n-3 ratio. The HSC diets lowered the MDA concentration and
lipid hydroperoxides in breast meat. Histomorphometrical analysis revealed a significant
increase in villus height, surface area and villus/crypt ratio, with a decrease of crypt depth,
suggesting that dietary supplementation with HSC may boost intestinal health status in
poultry. In conclusion, dietary HSC did not affect performance, carcass traits and meat quality,
while it positively influenced the lipid profile of meat, and improved the oxidative status and
gut health, thus representing a valuable and sustainable alternative ingredient in broiler diet.
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harmful residues in foods (Castanon 2007; Correddu
et al. 2020).

Industrial hemp (Cannabis sativa L.) is a multi-pur-
pose crop, providing food, fibre and nutraceuticals.
In traditional medicine hemp has been used for low-

Introduction

Animal nutrition is one of the most important factor
of determining farming efficiency and accounts for
up to 70% on the total management costs (Mallick

et al. 2020; Kasula et al. 2021). Moreover, the raising
interest on sustainable production systems has
focused on alternative feeding strategies based on
the use of plants, herbs, vegetables and their by/
co-products, which may be used to obtain final prod-
ucts that well fits the consumers’ demand for healthy
products, and on the other side represent an eco-
nomically and environmentally advantageous solu-
tion for the livestock sector, increasing its profitability
and sustainability (Kasapidou et al. 2015; Shehata
et al. 2022; Tufarelli et al. 2022). Diet supplementa-
tion with natural extracts from plants and by/
co-products may represent an alternative perfor-
mance enhancer based on the use of plant-derived
metabolites instead of synthetic additives without

ering cholesterol in cardiovascular disease, for its
immunomodulatory role and for the treatment of
gastrointestinal disease (Prociuk et al. 2008; Cheng
et al. 2011; Kaushal et al. 2020). Moreover, many
studies reported that hempseed extracts possess
strong antioxidant effects (Atalay et al. 2019).

Since 2011, the European Food Safety Authority
(EFSA) panel on Additives and Products or Substances
used in Animal Feed has introduced hempseed and
hempseed cake (HSC) as feed ingredients for all ani-
mal species, including poultry, although with differ-
ent dietary inclusion rates depending on animal
species. Hemp seed and its processing by-products,
i.e. cake and oil, are a valuable nutrition source with
excellent fatty acid and amino acid profiles. Indeed,
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HSC obtained during the cold-pressed extraction of
seeds is characterized by a high biological value of
protein with an amino acid profile comparable to
that of soybean meal (Callaway 2004; Wang and
Xiong 2019). Thus, it may be included in poultry
diets as a good source of crude protein and sul-
phur-containing amino acids, arginine and essential
amino acids (Wang et al. 2008; Klir et al. 2019).
Furthermore, HSC protein is free of trypsin inhibitors
and oligosaccharides which are present in soybeans
being responsible of gastrointestinal disorders
(Eriksson and Wall 2012; Stastnik et al. 2019). The
HSC also shows health-promoting properties due to
its high amount of polyunsaturated fatty acids
(PUFAs) (Da Porto et al. 2012; Della Rocca and Di
Salvo 2020). Nowadays, it is well known that PUFAs,
especially of the n-3 series, including alpha-linolenic
acid (ALA), and derived long-chain (LC) n-3FA eicos-
apentaenoic acid (EPA), docosapentaenoic acid (DPA),
and docosahexaenoic acid (DHA), are essential nutri-
ents for both humans and animals (Jing et al. 2017;
Kasula et al. 2021). About 70% of total FAs in hemp
are linoleic (LA) and alpha-linolenic (ALA) acid, and
the n-6/n-3 ratio is about 2:1-3:1, which is consid-
ered ideal for human health (WHO 2003; Callaway
2004; Jurgonski et al. 2020; Rehman et al. 2021).

The use of HSC in meat production may also be
advantageous as it contains a significant amount of
antioxidants, phenolic compounds and tocopherols
(Chen et al. 2012; Skfivan et al. 2020; Arango et al.
2022). Several researches showed that the bioactive
compounds in hemp seed are mainly located in the
hulls (Chen et al. 2012), thus remaining in the cake
after oil cold-pressed extraction (Siano et al. 2018;
Moccia et al. 2020). Recently, Antunovi¢ et al. (2021)
found that hemp seeds and HSC contain y-tocoph-
erol at the rate of 60.85 and 33.72mg/100g DM,
respectively. Oomah et al. (2002) have also reported
that hempseed oil (HSO) contained about 800 mg/kg
tocopherols, mostly in the form of y-tocopherol
(about 85%). These antioxidant components prevent
oil oxidation (Rezvankhah et al. 2018); thus, their
inclusion in poultry diets may have positive effects
on oxidative stability of products and may enrich
meat with some functional compounds (Konca et al.
2014; Mierlita 2019; Kanbur 2022). Another bioactive
compound found in hempseed is the phytocannabi-
noid, cannabidiol (CBD). Cannabidiol (CBD) is a
metabolite of tetrahydrocannabinol, with potential
antioxidant, immunosuppressive and anti-inflamma-
tory properties (Pubchem 2015). Hampson et al.
(2000) reported that the antioxidant activity of can-
nabidiol found in hempseed was superior to a-to-
copherol and ascorbate.

Therefore, the aim of the present study was to
investigate the effects of different levels of dietary
inclusion of hemp seed cake (5 and 10%) on growth
performance, carcass and meat quality traits, fatty
acid composition and oxidative stability in slow-grow-
ing broilers. Moreover, gut health was also assessed
by studying broiler duodenal histomorphological
architecture.

Materials and methods

The current trial was conducted at the Experimental
Poultry Research Center of the University of Bari
“Aldo Moro’, Valenzano, Bari, Italy. Authors adhere
that procedures imposed on the animals were car-
ried out according to the Directive 2010/63/EU of the
European Parliament and of the Council of 22
September 2010 on the protection of animals used
for scientific purposes. Authors also adhere to the EU
regulations on feed legislation, such as regulation EC
No 767/2009 of the European Parliament Council of
July 13, 2009.

Birds, management and dietary treatments

A total of 180 male slow-growing broiler chickens
(Hubbard) on day of hatch were purchased. On day
14, broiler chickens were individually weighed and
divided among pens and randomly assigned to one
of the three dietary treatment groups and grown up
to 49days of age. There were a total of 18 floor pens,
six replicate pens (2.5x1.5m) per treatment with ten
broiler chickens in each pen. The pens were in a
closed house with controlled environment. Each pen
was equipped with a pan feeder and a manual
drinker. Broiler chickens were raised on a concrete
floor with straw as litter and stocking density was
according to EU legislation. For the first two weeks
of age, chickens were fed the same mashed diet
without HSC. Then, broilers were fed a grower-fin-
isher pelleted diet containing 0, 5 or 10% of HSC,
respectively. Diets were formulated to meet NRC
(1994) nutrient recommendations for broiler chick-
ens. The ingredient and chemical composition of the
diets are presented in Table 1. All broiler chickens
were reared under similar conditions and feed and
water were provided ad libitum throughout the
whole feeding trial. The body weight (BW) and aver-
age daily feed intake (ADFI), from which average
daily gain (ADG) and feed conversion ratio (FCR)
were calculated, were measured. Mortality rate was
considered when calculating the FCR.

Preparation of hemp seed cake

A variety of industrial hemp authorized for cultiva-
tion in the European Union called "Earlina 8FC" was
used. This variety, developed for the first time in
France, offers a high seed yield (about 1.0-1.5 t/ha)
in a Mediterranean climate and under optimal soil
fertility and irrigation conditions. The oil extraction
was achieved by the Komet Vegetable Oil Expeller
system (IBG Monforts Oekotec GmbH & CoKgG,
Germany) equipped with a special cold pressing sys-
tem provided with a single transport auger to
squeeze the oil from various oilseeds. The hemp
seed oil was extracted using 7mm nozzles, which led
to 70% oil extraction. The HSC was grounded by
using a hammer mill, then stored in polyethylene
bags until used for feed formulations. The HSC was



Table 1. Ingredients and chemical composition of experi-
mental diets fed to slow-growing broiler chickens.

Item! HSCo HSC5 HSC10
Ingredients (g/kg)
Corn 565.0 585.0 600.0
Soybean meal (48% CP) 175.0 170.0 165.0
Sunflower meal (38% CP) 75.0 35.0 -
Wheat 75.0 120.0 95.0
Wheat middlings 60.0 - -
Dicalcium phosphate 20.0 20.0 20.0
Soybean oil 10.0 - -
Hemp seed cake - 50.0 100.0
Calcium carbonate 10.0 10.0 10.0
L-Lysine HCl 2.0 2.0 20
Sodium chloride 2.0 2.0 2.0
Sodium bicarbonate 2.0 2.0 20
Vitamin-mineral premix? 2.0 2.0 2.0
L-Threonine 1.0 1.0 1.0
DL-Methionine 1.0 1.0 1.0
Chemical composition, % DM
Crude protein 19.90 19.86 19.65
Crude fat 4.90 415 4.47
Ash 6.50 6.30 6.28
Calculated analysis
ME (MJ/kg)? 13.80 13.85 13.90
Calcium 1.13 1.13 1.14
Available phosphorus 0.49 0.48 0.49
Lysine 1.09 1.09 1.10
Methionine 0.45 0.47 0.48
Methionine + Cysteine 0.83 0.84 0.86
Threonine 0.83 0.84 0.85

THSCO=control diet without hemp seed cake; HSC5=diet containing
5% of hemp seed cake; HSC10=diet containing 10% of hemp seed
cake.

2Supplied per kilogram of diet: vitamin A 12,0001U; vitamin E, 10mg;
vitamin D 2,2001U; niacin 35.0mg; d-pantothenic acid 12mg; riboflavin
3.63mg; pyridoxine 3.5mg; thiamine 2.4mg; folic acid 1.4mg; biotin
0.15mg; vitamin B 0.03mg; Mn 60mg; Zn 40mg; Fe 1,280mg; Cu
8mg; | 0.3mg; Se 0.2mg.

3Metabolizable energy.

Table 2. Proximate chemical and fatty acids composition of
hemp seed cake (HSC) included into broiler diets.
Item

Dry matter, % 91.8
Crude protein, % 313
Crude lipids, % 8.42
Ash, % 536
Carbohydrates, % 15.2
Crude fiber, % 315
Metabolizable energy, MJ/kg DM! 12.0
Fatty acids, %
C16:0 (palmitic) 8.6
C18:0 (stearic) 2.8
C18:1 n-9 cis (oleic) 13.1
C18:2 n-6 (linoleic) 53.2
C18:3 n-3 (a-linolenic) 12.3
C18:3 n-6 (y-linolenic) 25
Other 7.5

'Estimated according to Van Der Klis and Fledderus (2007).

chemically analyzed to assess dry matter (DM), crude
protein, crude lipids, crude fiber, and ash according
to AOAC. (2005). The fatty acids profile of HSC was
also assessed following the methods as described
later for meat analysis. Metabolisable energy was
estimated according to Van Der Klis and Fledderus
(2007). The proximate chemical composition of the
HSC included into broiler diet is illustrated in Table 2.

Sample collection

On day 49 of the feeding trial, five broilers of aver-
age BW were randomly selected from each pen
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following a 12-h fasting period, weighed individually,
and slaughtered. The abdominal fat (consisting of fat
surrounding the gizzard, proventriculus, and in the
abdominal body cavity), breast and thigh muscle
were removed and weighed immediately. Samples of
meat muscles were immediately stored at —80°C for
assessing lipids content, and others were individually
stored in plastic bags at 4°C for meat quality analysis.

Meat quality parameters

At 24h after slaughter, the breast muscle pH was
measured at a depth of 2.0cm below the surface.
This was performed using a combined glass-pene-
trating electrode (Ingold, Mettler Toledo, Greifensee,
Switzerland). Meat samples were analyzed for mois-
ture, ash, and protein by oven, muffle furnace, and
Kjeldahl methods, respectively, as described in AOAC.
(2005). Total lipids were extracted according to the
method of Folch et al. (1957). Meat color was
assessed on samples excised from the Pectoralis
major (breast) muscle. Meat color (L* = lightness, a*
= redness, b* = yellowness) was determined using a
Hunter Lab MiniscanTM XE Spectrophotometer
(Model 4500/L, 45/0 LAV, 3.20cm diameter aperture,
10° standard observer, focusing at 25mm, illuminant
D65/10; Hunter Associates Laboratory Inc., Reston,
VA, USA). Three readings were carried out for each
sample by placing the instrument on different broiler
meat areas. The instrument was normalized to a
standard white tile before performing the analysis
(Y=92.8, x=0.3162, and y=0.3322). The reflectance
measurements were performed after the samples
were allowed to oxygenate in the air for at least
30min, to take stable measurements.

Meat fatty acid profile

Chemical analysis and fatty acid profile were per-
formed on raw meat from Pectoralis major and
Sartorius muscles. Briefly, a 5g homogenized (lyo-
philized) meat sample was blended with chloroform/
methanol (2:1, v/v) overnight at 4°C. Later, it was fil-
tered, placed in separator funnels and mixed with
saline solution (0.7% KCl). After separation into two
phases, the methanol aqueous fraction was dis-
carded, whereas the lipid chloroform fraction was
evaporated using a rotary evaporator. Lipid extracts
were transferred to test tubes for subsequent gas
chromatographic analysis. Duplicate samples of chlo-
roform extract, corresponding to 100mg of lipid,
were methylated by adding 1 ml of hexane/isopropa-
nol 4:1 and 0.05ml of 2N methanolic KOH according
to Christie (1982). Gas-chromatographic analysis of
fatty acids was performed using a Shimadzu GC-17A
instrument equipped with a capillary column BPX 70
(70% Cyanopropyl Polysilphenylene-siloxane Thermo
Scientific, length 60m, internal diameter 0.25mm,
film thickness 0.25 um). Operating conditions were as
follows: a helium flow rate of 1.2ml/min.; a FID
detector at 280°C; a split-splitless injector at 245°C.
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The temperature programme of the column was:
7min at 135°C and a subsequent increase to 210° C
at 4° C/min. Retention time and area of each peak
were computed by using the CromatoPlus2008 soft-
ware. The individual fatty acid peaks were identified
by the comparison between retention times and
those of known mixtures of standard fatty acids
(FAME, Restek) run under the same operating condi-
tions. Fatty acids were expressed as percent of total
methylated fatty acids.

The atherogenic and thrombogenic indexes were
calculated according to Ulbricht and Southgate
(1991) as follows:

Atherogenic Index =
[XMUFA+X(n-6) + X(n-3)];

Thrombogenic Index = (C14:0+C16:0+C18:0)/[0.5
X XMUFA + 0.5 X 2(n-6) + 3 X X(n-3) + X(n — 3)/Z(n-
6)1; where: MUFA =monounsaturated FA, PUFA=poly-
unsaturated FA.

(C12:0+4xC14:0+C16:0)/

Meat oxidation products

Thiobarbituric acid-reactive substances (TBARS) in
meat samples were determined after 7days of stor-
age at 4°C as described by Mcdonald and Hultin
(1987). Tissue samples (2g) were weighed into test
tubes each with 18 ml of 3.86% perchloric acid; sam-
ples were homogenized with a Polytron (IKA
Labortechnik T25-B, Selangor, Malaysia) 3x15s at
high speed. Fifty microliters of butylated hydroxyl
anisole (BHA) (4.5% BHA in ethanol) was added to
the sample prior to homogenization. The homoge-
nate was filtered through a filter paper. The filtrate
(2ml) was mixed with 2ml of 20mM TBA in distilled
water and incubated in a boiling water bath for
30min. After cooling, the absorbance of filtrate was
determined at 531nm against a blank containing
2ml of 3.86% perchloric acid and 2ml of 20mM thio-
barbituric acid-reactive solution. The thiobarbituric
acid-reactive substances values were expressed as
milligrams of malonaldehyde per kg of meat.

For meat lipid hydroperoxides determination,
about 1g of meat muscle was homogenized in 5ml
of chloroform/methanol (1:1) for 30s using a Polytron
Type PT 10/35 (Brinkmann Instruments, Westbury,
NY). Subsequently, the Polytron was washed for 30s
with 5ml solvent. The homogenates and wash solu-
tions were then combined. Three ml of 0.5% NaCl
was added, and the mixture was vortexed for 30s
before centrifugation for 10 min to separate the mix-
ture into two phases. Ice cold chloroform/methanol
(1:1) (1.3ml) was added to 2ml of the lower phase
and briefly vortexed. Twenty-five microliters of
ammonium thiocyanate (4.38M) and 25pl ferrous
chloride (18mM) were added to assay for lipid
hydroperoxides according to Shantha and Decker
(1994). Samples were incubated for 20min at room
temperature before the absorbances at 500nm were
determined.

Meat protein oxidation, as measured by the total
carbonyl content, was evaluated by derivatization with

dinitrophenylhydrazine as described by Oliver et al.
(1987) with slight modifications. Meat samples (1g)
were minced and then homogenized 1:10 (w/v) in
20mM sodium phosphate buffer containing 6 M NaCl
(pH 6.5) using an Ultraturrax homogenizer (IKA-Werke,
Staufen, Germany) 2x30s. Two equal aliquots of 0.2ml
were taken from the homogenates and dispensed in
2ml Eppendorf tubes. Proteins were precipitated by
cold 10% TCA (1ml) and subsequent centrifugation for
5min at 4,200g. One pellet was treated with Tml 2M
HCl (protein concentration measurement) and the
other with an equal volume of 0.2% (w/v) dinitro-
phenylhydrazine in 2M HCI (carbonyl concentration
measurement). Both samples were incubated for 1h at
room temperature. Afterwards, samples were precipi-
tated by 10% TCA (1ml) and washed three times with
1ml ethanol:ethyl acetate (1:1, v/v) to remove excess
dinitrophenylhydrazine. The pellets were then dis-
solved in 1.5ml of 20mM sodium phosphate buffer
containing 6 M guanidine HCl (pH 6.5), stirred and cen-
trifuged for 2min at 4,200g to remove insoluble frag-
ments. Protein concentration was calculated from the
absorption at 280nm using bovine serum albumin as
the standard. The amount of carbonyls was expressed
as nmol of carbonyl per mg of protein using an
absorption coefficient of 21.0nM~"'cm~" at 370nm for
protein hydrazones.

Histological examination

At day 49, on the same slaughtered broilers, intesti-
nal segment samples (approximately 2cm in length)
of duodenum were excised and flushed with 0.9%
saline to remove the contents. Segments were fixed
in 10% neutral-buffered formalin for histological
examinations. The segments collected were the loop
of the duodenum (at 5cm from the pylorus).
Moreover, also liver samples were collected from the
same subjects. Samples were dehydrated, cleared,
and paraffin embedded. Intestinal segments from 12
birds per dietary treatment were sectioned at a
5-7um thickness, placed on glass slides, and pro-
cessed in Masson’s trichrome stain for examination
by light microscopy according to Culling et al.
(1985). Each sample section on slides were stained
with haematoxylin and eosin (H&E) (Merck,
Darmstadt, Germany) and Azan Mallory for morpho-
logical observations and morphometric measure-
ments. The morphometric indices evaluated were:
villus height from the tip of the villus to the crypt,
crypt depth from the base of the villi to the submu-
cosa, and the villus height to crypt depth ratio
(Laudadio et al. 2012). The apparent villus surface
area was calculated by the following formula: [(villus
width at one-third +villus width at two-thirds of the
height of the villus) x 27" x villus height], according
to lji et al. (2001). Morphometric investigations were
performed on 20 intact villi and 30 crypts chosen
from each duodenal segment of broiler chickens
and evaluated at 10x and 25x magnification by
using an image analysis system (X-Series, Alexasoft).



Statistical analysis

Data were analysed for variance (ANOVA) using the
GLM procedure of SAS software version 9.2. All the
studied traits were analyzed by using univariate lin-
ear model as the response variables and diet (0, 5,
and 10% HSC, respectively) as the factor explanatory
variables, assuming that the random residual vari-
ance follows a normal distribution. Means were sep-
arated and compared by Tukey’s honestly significant
difference (HSD) test. Results were reported as least
squares mean and pooled standard error of the
mean (SEM). Significance was set at p<0.05.

Results and discussion

The results on growth performance parameters of
slow-growing broilers are presented in Table 3. No
significant differences in final BW, ADFI, ADG, and
FCR were found among treated birds. Total mortality
rate did not also differ among diets. It was reported
by Kalmendal (2008) that HSC may be included in
broiler diets up to 30% instead of soybean meal
without adverse effects on performance parameters.
Eriksson and Wall (2012) in broilers fed diets supple-
mented with 10 and 20% HSC found a significantly
higher broiler BW only in the 20% HSC group at 21
and 35days of age. On the other hand, Stastnik et al.
(2015) reported that the inclusion of HSC up to 15%
negatively affected broiler BW. So far, limited litera-
ture on dietary HSC in broilers is still available, while
whole hemp seed and oil have been more investi-
gated, although providing controversial results in
terms of productive performance (Khan et al. 2010;
Mahmoudi et al. 2015; Jing et al. 2017).

Results on broilers’ carcass traits and meat quality
characteristics are reported in Table 4. The carcass
yield showed no significant differences (p=0.071)
among groups. Furthermore, dietary treatments did
not influence abdominal fat (p=0.055) and breast
yield (p=0.095). As for the chemical composition and
pH values of breast meat, no significant differences
among diets were observed; similarly, breast meat
lightness (L*), redness (a*), and yellowness (b*) val-
ues did not significantly differ (p>0.05).

Diet is one of the main factors that influence
growth performance, nutritive profile and sensory
traits of broiler meat (Stastnik et al. 2019). As indi-
cated in our study, HSC can be included in broilers
diet up to 10% without any adverse effects. Similar
results were also reported by Eriksson and Wall
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(2012) and Vispute et al. (2019) who found that
growth performance and carcass traits were not
influenced by the inclusion of graded levels of HSC
in broiler diet. Furthermore, Khan et al. (2009)
reported that the inclusion of hemp seed powder at
20% of broiler diet had positive effects on the weight
of breast, leg, thigh as well as liver, gizzard, intestines
and abdominal fat. Stastnik et al. (2019) found that
the dietary inclusion of hempseed expellers up to
15% affected the color of broilers’ meat by increasing
the red and yellow indices.

The fatty acid composition of thigh and breast
meat of slow-growing broilers fed different levels of
HSC are presented in Tables 5 and 6, respectively.
Thigh meat (Table 5) from broilers fed the three
dietary treatments showed similar amounts of total
SFA, MUFA and PUFA (p>0.05). On the other hand,
significant differences were found for the individual
and total n-3 FAs. The HSC5 diet provided the high-
est concentration of DHA, with significant differences
as compared to the other HSC diet as well as to the
control group (p<0.05). Moreover, in both HSC
groups, a significant increase of total n-3 FAs
(p<0.05), and a consequent reduction of the n-6/n-3
ratio (p<0.05) was observed. Furthermore, the con-
centration of erucic acid (C22:1 n-9) was significantly
higher in both the HSC groups as compared to con-
trol (p<0.05). Significant differences among treat-
ments were found neither for atherogenic nor for
thrombogenic indices.

In breast muscle (Table 6), no significant differ-
ences among groups aroused for the total SFA, MUFA
and PUFA. Dietary HSC inclusion led to a significant
decrease of oleic acid (p<0.05). The HSC5 diet led to
significantly higher concentration of erucic acid
(C22:1 n-9) as compared to the 10% HSC inclusion
and control groups. The LA (C18:2n-6) concentration
was significantly higher (p<0.05) in broilers fed the
control diet as compared to both the HSC groups,
probably due to the presence of sunflower meal in
control treatment. Despite the lack of significant dif-
ferences among groups as for total PUFAs, the two
hemp seed cake diets determined a significantly
(p<0.05) higher concentration of the C20:3 n-6
(DGLA) and C22:6 n-3 (DHA) long chain FAs. At the
same time, the concentration of C20:5 n-3 (EPA) and
C22:5 n-3 (DPA) was significantly (p<0.05) higher in
the two hemp seed cake groups as compared to
control. This may be the result of elongation and
desaturation of ALA to EPA and DPA, as previously
reported also by other authors (Bou et al. 2009; Skiba

Table 3. Effect of dietary treatments on growth performance of slow-growing broiler chickens.

Diet
Item HSCO HSC5 HSC10 SEM p value
Final BW,2 g 2,119 2,148 2,155 384 0.197
ADG, g/d 531 533 535 0.75 0.212
ADFI, g/d 126.0 125.2 124.8 2.04 0.063
FCR, 9/9 237 235 233 0.04 0.167
Mortality, % 1.31 1.29 1.33 0.221 0.598

THSCO = control diet without hemp seed cake; HSC5 =diet containing 5% of hemp seed cake; HSC10=diet containing 10% of hemp seed cake.
2BW =final body weight at 49days of age; ADG=average daily gain (14-49 d); ADFI=average daily feed intake (14-49 d); FCR=feed conversion

ratio (14-49 d). SEM=standard error of the means.
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Table 4. Effect of dietary treatments on carcass traits and breast muscle quality of slow-growing broiler chickens.

Diet
Item HSCo HSC5 HSC10 SEM p value
Carcass traits?
Eviscerated carcass 735 738 74.0 0.40 0.071
Breast 204 20.5 20.7 0.23 0.095
Abdominal fat 1.8 1.9 2.1 0.04 0.055
Proximate composition
Moisture, % 72.7 724 729 0.31 0.444
Protein, % 243 24.7 24.2 0.39 0.209
Fat, % 2.12 2.09 2.05 0.06 0.115
Ash, % 0.88 0.81 0.85 0.05 0.099
pH,, 5.70 5.77 5.79 0.101 0.088
Color at 24h
L* 47.47 48.25 48.61 0.53 0.101
a* 3.35 3.54 3.63 0.17 0.072
b* 11.86 11.41 11.53 0.29 0.065

THSCO = control diet without hemp seed cake; HSC5 =diet containing 5% of hemp seed cake; HSC10=diet containing 10% of hemp seed cake.
2Percentages of body weight at slaughter. SEM =standard error of the means.

Table 5. Fatty acid composition (% total FA methyl esters) of thigh muscle.

Diet!

Item HSCo HSC5 HSC10 SEM p value
Total Fatty acids (g/100g muscle)

C40 0.04 0.05 0.05 0.005 0.224
C14:0 (myristic) 0.41 0.35 0.32 0.037 0.119
C15:0 0.08 0.06 0.05 0.011 0.128
C16:0 (palmitic) 21.43 21.04 20.05 0.580 0.152
C17:0 031 0.16 0.16 0.072 0.050
C18:0 (stearic) 9.96 12.04 13.81 1.575 0.069
C20:0 0.10 0.10 0.11 0.007 0.189
C21:0 0.24 0.26 0.25 0.009 0.113
€22:0 0.29 0.25 0.24 0.021 0.203
C23:0 0.02 0.03 0.04 0.006 0.132
> SFA 32.88 34.34 35.07 0.915 0.062
C14:1 0.05 0.04 0.03 0.005 0.177
C16:1 trans 0.27 0.27 0.29 0.009 0.095
C16:1 cis 2.51 2.01 2.03 0.231 0.055
17 0.06 0.04 0.03 0.010 0.066
C18:1 n9 trans (elaidic) 0.00 0.00 0.07 0.031 0.056
C18:1 n9 cis (oleic) 34.91 32.42 31.88 1.322 0.051
C20:1 n-9 0.06 0.07 0.08 0.009 0.140
€22:1 n-9 2.96° 4.62° 4.67° 0.792 0.048
C24:1 n-9 0.11 0.12 0.11 0.004 0.111
> MUFA 40.94 39.59 39.19 0.747 0.069
C18:2 n6 (linoleic) 23.13 22.27 22.36 0.387 0.118
C183 n-6 0.94 1.06 0.94 0.056 0.135
C18:3 n3 (a-linolenic) 0.30 0.25 0.29 0.020 0.099
C20:2 n-6 0.03 0.03 0.04 0.007 0.117
C20:3 n-6 0.03 0.04 0.05 0.007 0.120
C20:5 n-3 (EPA) 0.71 1.08 0.99 0.156 0.051
C€22:5 n-3 (DPA) 0.74 0.63 0.57 0.073 0.152
(22:6 n-3 (DHA) 0.30° 0.722 0.51° 0.169 0.049
Y PUFA 26.19 26.07 25.74 0.193 0.119
> UFA 67.13 65.66 64.93 0.915 0.112
n-6 24.13° 23.39° 23.38° 0.350 0.011
n-3 2.06 2.68° 235° 0.253 0.048
n-6/n-3 11.712 8.73% 9.940 1.224 0.045
Al 0.36 035 0.34 0.008 0.123
Tl 0.85 0.87 0.92 0.028 0.145

THSCO = control diet without hemp seed cake; HSC5=diet containing 5% of hemp seed cake; HSC10=diet containing 10% of hemp seed cake. SFA,
saturated fatty acids (sum of C4:0+C14:0+C15:0+C16:0+C17:0+C18:0+C20:0+ C21:0+C22:0+ C23:0); MUFA, Monounsaturated fatty acids (sum of
C14:1+C16:1+C17:1+C18:1 +C20:1+C22:1+C24:1); Total n-6 (sum of C18:2+C18:3+C20:2+C20:3); Total n-3 (sum of C18:3+C20:5+C22:5+C22:6);

PUFA, polyunsaturated fatty acids (sum of n-6 +n-3).

aMeans within a row with no common superscript differ significantly (p <0.05).

et al. 2015; Farinon et al. 2020). As found for the
thigh muscle, the dietary HSC supplementation led
to a significant increase of total n-3 FAs (p<0.01) and
to the consequent reduction of n6/n3 ratio (p<0.01)
in breast meat.

In both the muscles examined, dietary HSC signifi-
cantly increased the proportion of n-3 PUFAs. Essential
FAs are known to play an important role in human

health and meat is a precious source of these nutri-
ents (Arango et al. 2022), thus leading meat research-
ers to enhance the PUFA in fat deposits and muscle
tissue in turn of a decrease of the SFA amount. In par-
ticular, the WHO guidelines recommended to decrease
total FA intake, replace SFA with PUFA, especially the
LC FA of the n-3 series, and to reduce the n-6/n-3
ratio to 5 as the maximum threshold value (WHO
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Table 6. Fatty acid composition (% total FA methyl esters) of breast muscle.

Diet

Item HSCo HSC5 HSC10 SEM p value
Total Fatty acids (9/100g muscle)

C4:0 0.06 0.13 0.10 0.029 0.123
C14:0 (myristic) 0.35 0.21 0.23 0.062 0.102
C15:0 0.06 0.04 0.06 0.009 0.105
C16:0 (palmitic) 24.04 22.25 22.39 0.815 0.092
C17:0 0.14 0.1 0.14 0.014 0.151
C18:0 (stearic) 10.05 12.53 12.15 1.091 0.054
C20:0 0.06 0.04 0.08 0.016 0.125
C21:0 0.24 0.26 0.25 0.009 0.105
€22:0 0.28 0.60 0.47 0.131 0.125
C23:0 0.04 0.09 0.08 0.016 0.121
> SFA 35.31 36.24 35.94 0.385 0.059
C14:1 0.04 0.02 0.02 0.009 0.121
C16:1 trans 0.56 0.59 0.71 0.063 0.105
C16:1 cis 1.80% 0.93° 1.03° 0.389 0.049
a7 0.04 0.03 0.02 0.010 0.099
C18:1 n-9 trans (elaidic) 0.16 0.28 0.30 0.062 0.051
C18:1 n-9 cis (oleic) 33.912 2428 26.67° 4.097 0.042
C20:1 n-9 0.05 0.05 0.07 0.007 0.122
C22:1 n-9 5.82¢ 14.28° 11.18° 3.494 0.042
C24:1 n-9 0.24 0.38 0.32 0.056 0.099
> MUFA 42,62 40.83 40.30 0.994 0.062
C18:2 n-6 (linoleic) 18.26% 15.140 15.58° 1378 0.049
C18:3 n-6 0.68 0.40 0.51 0.116 0.106
C18:3 n3 (a-linolenic) 0.22 0.20 0.20 0.009 0.104
C20:2 n-6 0.03 0.06 0.06 0.013 0.120
C20:3 n-6 0.10° 0.37° 0.322 0.116 0.047
C20:5 n-3 (EPA) 1.13¢ 2.03° 1.58° 0.366 0.048
C22:5 n-3 (DPA) 0.87¢ 2.35° 1.83° 0.616 0.035
C22:6 n-3 (DHA) 0.75° 239° 2.18° 0.728 0.029
Y PUFA 22.04 2294 22.26 0.384 0.121
> UFA 64.66 63.77 62.56 0.861 0.112
n-6 19.072 15.97° 16.47° 1.360 0.049
n-3 2978 6.97% 5.79A 1.679 0.009
n-6/n-3 6.43" 2298 2.858 1.834 0.008
Al 0.41 0.37 0.38 0.16 0.119
Tl 0.89 0.71 0.77 0.073 0.124

THSCO = control diet without hemp seed cake; HSC5=diet containing 5% of hemp seed cake; HSC10=diet containing 10% of hemp seed cake. SFA,
saturated fatty acids (sum of C4:0+C14:0+C15:0+C16:0+C17:0+C18:0+C20:0+C21:0+C22:0 + C23:0); MUFA, Monounsaturated fatty acids (sum of
C14:1+C16:1+C17:1+C18:1 +C20:1 +C22:1+C24:1); Total n-6 (sum of C18:2+C18:3 +C20:2+C20:3); Total n-3 (sum of C18:3+C20:5+C22:5+C22:6);

PUFA, polyunsaturated fatty acids (sum of n-6 +n-3).

a¢ Means within a row with no common superscript differ significantly (p <0.05).
AB Means within a row with no common superscript differ significantly (p<0.01).

2003; EFSA NDA Panel (EFSA Panel on Dietetic
Products and Nutrition and Allergies)), 2009).

The concentration of n-3 FAs in animal products
strongly depends on the fatty acid composition of
the diet (Haug et al. 2007; Bou et al. 2009), and espe-
cially on the concentration of the precursors LA and
ALA (Kahraman et al. 2004). The ability of ALA to be
converted into LC FAs of the n-3 series is limited in
humans who receive these FAs with the diet (Haug
et al. 2007; Decker and Park 2010; Juodka et al. 2018;
Farinon et al. 2020). As for chicken meat, Gregory
et al. (2013) reported that broilers may be able to
metabolize more docosapentaenoic acid (DPA)
through tetracosapentaenoic acid, the precursor of
DHA, than other species. Therefore, broiler meat
could be a possible source of EPA and DHA for
human nutrition, as long as these FAs could be syn-
thesized from plant-derived ALA (Bou et al. 2009;
Farinon et al. 2020; Skfivan et al. 2020).

Hemp seed and its by-products are well known
for their high level of PUFA with a n-6/n-3 ratio of
~3.3:1 (Jing et al. 2017; Benkirane et al. 2022; Taaifi
et al. 2023). It can be assumed that the effect of
hemp seed on the higher production of LC n-3 PUFA

was due to the high dietary supply of ALA as well
as to the higher activity of A5 and A6 desaturases
and elongases, as previously described by Garg et al.
(1988). Similar results were found by Skfivan et al.
(2020) on cockerels fed diets supplemented with HS
or/and flaxseed in different combinations. Previous
studies carried out in laying hens (Taaifi et al. 2023)
and Japanese quails (Konca et al. 2014) showed that
HS dietary inclusion from 5 to 30% raised the
amount of n-3 fatty acids in the yolk as the level of
dietary HS increased. Mierlita (2019) reported a sig-
nificant increase in the individual n-3FA (ALA, EPA
and DHA) and in total n-3FA concentration in egg
yolks of hens fed with HS and HSC diets, probably
due to the level of ALA in HS and HSC along with
the high ability of hens to convert ALA to n-3 LC
FAs (Howe et al. 2002).

In the present study, HSC supplementation led to
different fatty acid composition in the thigh and
breast, which are dark and white muscles, respec-
tively. Our data showed that the inclusion of HSC in
the diet provided a higher DHA concentration in
thigh muscle, while higher EPA, DPA, and DHA con-
tents in breast were also observed. According to Jing
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Table 7. Effect of dietary treatment on breast meat oxidation products of slow-growing broiler chickens’.

Diet?
Item HSCO HSC5 HSC10 SEM p value
TBARS, mg MDA/kg of meat 0.53b 0.482 0.472 0.026 0.048
Lipid hydroperoxides, pmol/g of meat 0.478 0.327 0.30% 0.022 0.004
Protein carbonyls, nmol DNPH/mg protein 1.30 127 1.25 0.08 0.061

"Each value represents the mean of 12 birds per treatment.

2HSCO = control diet without hemp seed cake; HSC5=diet containing 5% of hemp seed cake; HSC10=diet containing 10% of hemp seed cake. TBARS:
Thiobarbituric acid reactive substances; MDA, malonaldehyde; DNPH, 2,4-dinitrophenyl hydrazine. SEM =standard error of the means.

ab Means within a row with no common superscript differ significantly (p<0.05).

A8 Means within a row with no common superscript differ significantly (p <0.01).

Figure 1. Cross section of small intestine of broiler chickens fed hemp seed cake (at 10% of diet). (A) Section of duodenum
showing mucosa with several long villi and deep crypts (Azan Mallory, 10x). (B) Magnification of some villi with normal

columnar epithelium (H&E, 250x).

Table 8. Effect of dietary treatments on duodenal mucosa morphometry of slow-growing broiler chickens'.

Diet?
Item HSCo HSC5 HSC10 Pooled SEM p value
Villus height, um 1,0178 1,5134 1,5314 50.1 0.001
Crypt depth, um 179° 1482 1452 11.2 0.017
Villus height/crypt depth 5.68° 10.22%8 10.56% 0.69 <0.001
Villus surface area, mm? 0.129¢ 0.2458 0.267% 0.08 <0.001

'Each value represents the mean of 12 birds per treatment.

2HSCO=control diet without hemp seed cake; HSC5=diet containing 5% of hemp seed cake; HSC10=diet containing 10% of hemp seed cake.
abMeans within a row with no common superscript differ significantly (p <0.05).
A-CMeans within a row with no common superscript differ significantly (p<0.01). SEM=standard error of the means.

et al. (2017) the extent of n-3 PUFA enrichments var-
ied in relation to tissue type or animal species. The
conversion of DPA to DHA takes place through the
sequential reactions of elongation, desaturation, and
[-oxidation (Sprecher 2000); the activity and the bio-
availability of the enzymes involved in the biochemi-
cal pathway of LC n-3 PUFAs biosynthesis and their
metabolism are different in red and white fiber mus-
cles (Ng et al. 2012; Turner et al. 2014), in order to
face the energy requirement of both muscles. Indeed,
thigh muscle, which consist of type | red muscle
fibres, has a greater oxidative capacity for FAs, while
type Il white muscle fibres, like breast muscle, con-
tribute less to FA oxidation (Turner et al. 2014).
Table 7 shows the effect of HSC inclusion on the
occurrence of lipid oxidation in breast meat. The
antioxidant status was evaluated by measuring the
breast muscle concentration of MDA, lipid hydroper-
oxides, and protein carbonyls. The results revealed a
significant decrease of the MDA concentration
(p<0.05) and lipid hydroperoxides (p<0.01) in both
HSC supplemented diets, while no significant effect
was found for protein carbonyls values. Although the

increase of PUFA muscle level is a key goal to obtain
healthier meat products, high contents of PUFA in
poultry meat could lead to a higher susceptibility to
lipid oxidation during storage or cooking (Vercellotti
et al. 1992; Engberg et al. 1996; Kanbur 2022). In this
study, even if the HSC diets led to an increase of LC
n-3 FAs (EPA, DPA, DHA), the MDA and lipid oxida-
tion products decreased significantly. In accordance
with Vispute et al. (2019), our results could be
attributed to the bioactive compounds present in HS
by-products, among which tochopherols, phenols
and cannabidiol exert a strong antioxidant activity
(Jiang et al. 2001; Stambouli et al. 2006; Konca et al.
2014; Liang et al. 2015).

The morphological observation of the duodenal
mucosa of broilers fed HSC-diets displayed histologi-
cal features similar to the control group, with normal
columnar epithelium and mucous cells secreting a
protective layer that lines the surface of the epithe-
lium, and which are attached on a regular mucosal
muscle layer, as shown in Figure 1. The effect of the
HSC supplementation on the histomorphometric mea-
sures of the duodenum is shown in Table 8. The



duodenal villus height and the Vvillus height/crypt
depth ratio were significantly increased (p=0.001 and
p<0.001, respectively) following the HSC diets, sug-
gesting an increased epithelial cells turnover. The
morphometric analysis showed a decrease of the
crypt depth in the experimental groups compared to
the control. Moreover, dietary supplementation with
HSC resulted in a significant increase (p<0.001) of the
villus surface area; among the two HSC groups, the
villus surface area was greatest at 10% level (p<0.001).

Knowledge of the impact of the diet on the mor-
phological features of intestinal tract is essential to
evaluate digestive efficiency that depends on the
enteric mucosal surface and the functional traits of
the epithelium (Stillhart et al. 2020).Therefore, in the
present study, we evaluated the gut morphology of
slow-growing broilers to assess possible HSC influ-
ence on digestive and absorptive capacity of the
intestinal tract. The histomorphological changes in
the segments examined underlined that the enrich-
ment of the diet with HSC, regardless the percentage
of inclusion, improved the intestinal architecture,
since a greater duodenal surface villus area and
higher villus length/crypt depth ratio were observed.

Indeed, with regards to morphology, longer duo-
denal villi raise the villus surface area increasing
the absorbitive efficiency, as well as shallow crypts
are indicative of an increased villus mucosal cell
turnover (Xu et al. 2003; Vispute et al. 2019).
Additionally, villus length/crypt depth ratio is con-
sidered an indicative tool for evaluating the diges-
tive capacity of the small intestine (Wu et al. 2004).
Furthermore, healthy gut is a prerequisite for pre-
vention of intestinal and inflammatory disorders
that could negatively influence broiler performance
(Thanabalan and Kiarie 2021). Dietary supplementa-
tion with HSC could also improve the homeostasis
of the gut microbiota (Opyd et al. 2020) preventing
dysbiosis and enhancing the protective barrier
against pathogenic bacteria adhesion to the mucosa
(Rubio 2019), as well as modulate the microbiome
and the immune system (Cencic and Chingwaru
2010; Sugiharto 2016). Recently, Taubner et al.
(2023) reported that HS contains biologically active
compounds that may affect the digestive process
due to the action of these substances on various
receptors and enzymes. Also, Golzar Adabi et al.
(2016) hypothesized that a high level of dietary
PUFA positively influenced the morphological fea-
tures of the villus. In our study, there is evidence
that dietary supplementation with HSC improved
the intestinal morphometric parameters sustaining
the broiler production performance.

Conclusions

The results of this study demonstrated that dietary
hemp seed cake supplementation up to 10% did not
affect growth performance, carcass traits and meat
physical and chemical traits in slow-growing broilers.
Including HSC had positive influence on the fatty
acid profile of meat, oxidative status and gut health.
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Thus, HSC may be considered a valuable and sustain-
able alternative feed ingredient in broiler diet. Further
research is needed to thoroughly investigate the
influence of functional hemp seed compounds in
broiler production systems.
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