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Abstract
Globally, the price of soybean meal, the most common proteinaceous ingredient in livestock diets, has become highly 
expensive prompting a search for alternative ingredients. Hemp seed cake is a promising alternative but could be limited 
by its high neutral detergent fiber and ether extract contents which impede nutrient intake and digestibility. However, some 
ruminant species such as goats have superior ability to digest high fiber and ether extract diets. Thus, the current research 
evaluated nutrient intake and digestibility, rumen fermentation, and microbial protein synthesis of goats fed hempseed cake 
as a substitute for soybean meal in finisher diets. A total of 25 Kalahari Red castrates (27 ± 3 kg, 4–5 months old) were 
assigned to five dietary treatments (5 goats/ diet) in a completely randomized design. A maize-lucerne-based finishing diet 
was formulated with hempseed cake substituting soybean meal as the primary protein ingredient at 0, 25, 50, 75, or 100 g/kg 
dry matter. Ether extract intake exhibited a positive linear trend (P ≤ 0.05) while crude protein intake and microbial nitrogen 
supply exhibited a negative linear trend (P ≤ 0.05) with dietary inclusion of hempseed cake. However, feeding hempseed 
cake did not influence (P > 0.05) apparent nutrient digestibility, rumen fermentation parameters and nitrogen use efficiency. 
In conclusion, the substitution of soybean meal for hempseed cake decreased crude protein intake and microbial nitrogen 
supply in goat finisher diets without compromising nutrient digestibility and nitrogen use efficiency. The study recommends 
partial or full replacement of soybean meal with hempseed cake in goat finisher diets.
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Introduction

Globally, the production of hemp (Cannabis sativa L.) is 
increasing due to the legalization of its cultivation and 
revived fiber, food and medicinal uses (Siano et al. 2019; 
Horne 2020; Leonard et al. 2020). About 143 metric tons 
(MT) of hempseed are produced annually yielding about 
50 MT of oil and 93 MT of cake worldwide (FAOSTAT 
2022). Hempseed by-products (i.e., cake and hulls) have 
potential economic uses, including feed, human food and 

beverages (Frassinetti et al. 2018; Leonard et al. 2020; Aloo 
et al. 2022). Valorization of hempseed by-products as animal 
feedstuff provides a potential alternative to increasing their 
economic value, thus improving the importance of hemp-
seed by-products in the circular bioeconomy (Moscariello 
et al. 2021; Aloo et al. 2022; Winders et al. 2023).

Hempseed cake (HSC) has the highest potential among 
the hemp by-products to be used as animal feedstuff owing 
to its high crude protein (CP; 341 ± 50.4 g/kg dry matter; 
DM), neutral detergent fiber (NDF; 395 ± 40.7 g/kg DM) 
and ether extract (EE; 116 ± 15.5 g/kg DM) with the NDF 
and EE almost triple that of soybean meal (SBM; NDF: 125 
± 17.6; EE: 40 ± 15.9; g/kg DM) (Pojić et al. 2014; Paula 
et al. 2018; Leonard et al. 2020; Semwogerere et al. 2023a). 
Apart from having high protein and energy contents, HSC 
contains bioactive compounds such as cannabinoids, toco-
pherols and polyunsaturated fatty acids (PUFA) (Leonard 
et al. 2020; Sainz Martinez et al. 2023; Semwogerere et al. 
2023b).
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Previous reports in ruminants indicate that high NDF (> 
355 g/kg DM) and EE (> 50 g/kg DM) rich in PUFA inhibit 
nutrient intake, digestion and utilization among ruminants 
(Pantoja et al. 1994; Harper and McNeill 2015; Wang et al. 
2017; Embaby et al. 2019). However, goats might be able 
to digest HSC diets better than other ruminants as they have 
better feed grinding ability and spend more time chewing 
and ruminating, which gives them the capacity to digest 
fibrous diets (Domingue et al. 1991; Lu et al. 2008). More 
so, goats tend to have more Butyrivibrio fibrisolvens that 
enhance fibre digestion in the rumen than the other rumi-
nants (Candyrine et al. 2017).

Soybean meal, the primary protein source in goat fin-
isher diets is normally included at 120 g/kg DM (Brand 
et al. 2020; Kustantinah et al. 2020; Dahmer et al. 2022). 
Replacing SBM with HSC (100 g/kg DM) linearly decreased 
in vitro DM digestibility but maintained the DM intake of 
goats (Abrahamsen et al. 2021; Semwogerere et al. 2022). 
More importantly, there is an information gap on the level 
of HSC in goat diets beyond which nutrient intake, digest-
ibility and utilization efficiency are compromised. It was 
hypothesized that replacing SBM with increasing propor-
tions of HSC up to 100 g/kg DM in goat finishing diets could 
maintain nutrient supply, digestion, and utilization. Thus, 
the current study investigated nutrient intake and digestibil-
ity, ruminal fermentation parameters, and microbial protein 
synthesis in goats fed pelleted finisher diets containing HSC 
substituting SBM.

Materials and methods

Research site

Welgevallen Experimental Farm, Stellenbosch University, 
Stellenbosch, South Africa, hosted the research study dur-
ing June and July 2021. The experimental site experiences a 
Mediterranean climate and was characterized by an average 
temperature of 12°C, rainfall of 141 mm, and humidity of 
77% during the experimental period.

Goat diets and management

A local oilseed processing company (SeedOilSA, Somerset 
West, Cape Town) supplied cold-pressed HSC (Cannabis 
Sativa L. Fedora 17) which was used to formulated five 
maize-lucerne based goat finisher diets to satisfy the dietary 
needs for growing goats (CP: 120 g/kg DM and ME: 11.0 
MJ/kg DM; National Research Council 2007). The milled 
(1.5-mm sieve) HSC was included at levels of 0, 25, 50, 
75 and 100 g/kg DM replacing SBM and pelleted (5 mm × 
30 mm) at 45°C (Table 1). The hay and straw were milled 
through 4 mm sieve prior to mixing. A local goat producer 

supplied clinically healthy 4–5 months Kalahari Red wether 
goats (27 ± 3 kg). Prior to purchase, the goats were raised on 
natural pasture and offered protein supplements in summer. 
In the study, goats were reared and fed individually (1 m × 
2 m) with visual contact on a wooden slatted floor pen in a 
barn. Each dietary treatment received five goats in a com-
pletely randomized design thus 25 goats were used. Upon 
arrival, a 2 mL Multivax P-Plus (MSD, South Africa) was 
used to vaccinate goats against pasteurellosis, pulpy kidney 
and tetanus. Thereafter, a multivitamin (Embavit™®, Prima 
Vetcare Private Limited, India) dose of 5 mL was adminis-
tered. Goats were drenched with 2 mg/kg bodyweight der-
quantel and 0.2 mg/kg bodyweight abamectin (Startect®, 
Zoetis, South Africa) for internal parasite control. Goats 
were adapted to the experimental diets for 21 days, data was 
collected for 5 days, and then slaughtered at an abattoir in 
accordance with the South African Meat Safety Act (No. 40 
of 2000). A daily feed of 110% of the previous day's intake 
was offered to goats, and clean fresh water was available 
ad libitum.

Measurements and sample collection

Fecal collection bags were strapped on and funnel-shaped 
latex bags were attached to urinary tubes on each goat. 
Before daily feeding, 10% of the feces and spot urine were 
collected and stored at -20°C pending analysis. Feed, refusal 

Table 1   Feed ingredient proportions in experimental diets

*The composition of the vitamin/premix was not included because of 
a non-disclosure agreement with the feed manufacturer
Proportions of the feed ingredients in the experimental diets pre-
sented in this Table  1 are the same with those reported by Semw-
ogerere et al. (2022, 2023a)

 Ingredients (g/kg DM) Hempseed cake inclusion level (g/kg 
DM) in the diet

0 25 50 75 100

Soybean meal 100 75 50 25 0
Hempseed cake 0 25 50 75 100
Maize white fine 400 400 400 400 400
Lucerne hay 200 200 200 200 200
Hominy chop 93.5 93.5 93.5 93.5 93.5
Molasses syrup 70 70 70 70 70
Wheat straw 50 50 50 50 50
Wheat bran 49 49 49 49 49
Soybean hulls 10.6 10.6 10.6 10.6 10.6
Savannah Lime 7 7 7 7 7
Vitamin-mineral premix* 7 7 7 7 7
Ammonium sulfate 5 5 5 5 5
Coarse salt 4.9 4.9 4.9 4.9 4.9
Urea 3 3 3 3 3



Tropical Animal Health and Production (2024) 56:21	

1 3

Page 3 of 10  21

and fecal samples collected per animal daily for 5 days were 
later composited into one sample per animal for the analyses. 
Feed, refusal and fecal samples were milled through a 1.5-
mm sieve after being dried in a forced-air ventilation oven 
at 60°C for 72 h.

To protect the purine derivatives (PD) from bacterial 
destruction and ammonia from volatilization, spot urine 
was collected in a 4-L bottle containing 100 mL of 10% 
(v/v) sulfuric acid to maintain the pH below 3. A subsample 
of 20 mL was diluted 5-folds with distilled water for PD 
and 80 mL was undilutedly kept for nitrogen analysis. The 
urine samples were then stored at -20°C pending analyses. A 
composite of 5 days urine collection per animal was stored.

Exactly, 15 min postmortem, rumen contents were emp-
tied into a bucket and blended prior to measuring pH (Crison 
PH25 pH meter, Lasec, South Africa). Four layers of muslin 
butter cloth and glass wool were used to filter the rumen 
contents into 50 mL Greiner centrifuge tubes (Merck KGaA, 
Darmstadt, Germany). The supernatant was obtained after 
centrifuging the rumen fluid at 1000 g for 10 min (4°C), then 
stored at -20°C.

Chemical analyses and computations

Chemical composition and fiber

The feed, refusal and fecal DM, ash, EE, CP, starch, total 
phenols and tannins were analyzed according to methods 
934.01, 942.05, and 920.39, respectively in the AOAC 
(2002) procedure. The total nitrogen content of feed, refusal, 
fecal and urine was determined using a macro-Nitrogen ana-
lyser (LECO® FP828, LECO Corporation, Miami, USA) 
with a dumas method of AOAC (2002) and a factor of 6.25 
was used to obtain the CP content. The procedure described 
by Hall (2009) was used to estimate the total starch con-
tent of the samples with glucose and/ or maltodextrins 
using a commercial starch assay (Total Starch Megazyme 
kit KTSTA, Megazyme International Ireland Ltd., Wick-
low, Ireland). Total phenols and tannins were measured 
using the Folin-Ciocalteu colorimetric method described 
by Makkar (2003). The F57 filter bags and Ankom fiber 
analyser 2000 (ANKOM Technology, NY, USA) were used 
to measure neutral detergent fiber (aNDFom), acid detergent 
fiber (ADFom) and lignin (sa.) calculated without ash (Ryan 
et al. 1990).

A multispecies Ncal™ International Standard Direct® 
urinary creatinine detection kit (K002-H1, Arbor Assays 
Ann Arbor, Michigan, USA) was used to determine the cre-
atinine concentration colorimetrically (SPECTROstar Nano, 
BMG LABTECH, Germany). An average of 17.39 mg/kg 
bodyweight (BW) of urinary creatinine excretion by each 
goat was used (Santos et al. 2017). The total daily urine out-
put was estimated using the formula: (BW × 17.39 × 100)/

spot urine creatinine concentration mg/dL of urine (Costa 
et al. 2021). The formula used to determine apparent nutri-
ent digestibility is [(nutrient intake (g/day) - nutrient in fecal 
matter (g/day)] × 100 (Wiseman 2018). Ammonia-nitrogen 
concentrations were determined using the colorimetry tech-
nique (Broderick and Kang 1980), and volatile fatty acids 
were measured using the Siegfried et al. (1984) methodol-
ogy with gas chromatography.

Urinary purine and microbial nitrogen

Using methods described by Chen and Gomes (1992), allan-
toin was determined colorimetrically, uric acid using uricase 
and xanthine plus hypoxanthine using xanthine oxidase. The 
sum of the amounts of allantoin, uric acid, xanthine, and 
hypoxanthine excreted in the urine was used to compute 
the total quantity of PD discharged. According to Chen and 
Gomes (1992), the quantitative association between intes-
tinal flow of microbial nitrogen, PD excretion in urine, and 
microbial purine absorption was estimated. The difference 
between daily nitrogen intake and daily nitrogen excretion 
was used to compute nitrogen retention (g/d). By dividing 
nitrogen retained with nitrogen intake, efficiency of nitrogen 
utilization (%) was calculated.

Validation and quality assurance

The number of replicates were selected in accordance with 
Ricci et al. (2020) for animals and Udén et al. (2012) for 
feed samples. The allocation of animals to experimental diet 
and housing pens as well as samples for analysis was rand-
omized using RAND function of MS excel. The proximate 
and fiber analyses were executed in triplicate while rumen 
fermentation parameters and purine derivatives were run in 
duplicate. The proximate and fiber analyses were run with a 
known control sample while rumen fermentation parameters 
and purine derivatives were run with a standard. The ana-
lytes were considered valid when the value of the standard 
deviated by <3%.

Statistical analyses

Normality and homoscedasticity of the data were checked 
using the Univariate procedure with the normal statement 
(version 9.4; SAS Institute Inc. Cary, NC, USA). All the 
data conformed to normality following the removal of outli-
ers according to Shapiro and Wilk (1965). The GLIMMIX 
procedure (version 9.4; SAS Institute Inc. Cary, NC, USA) 
was used to analyze data. The model included diet as the 
main factor. Each goat was treated as an experimental unit. 
The standard model used was as follows: yijk = μ+ Ti + 
εijk, where yijk = represented the kth observation on the jth 
goat assigned to ith diet, μ = overall means; Ti = was the 
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fixed effect of the ith diet (0, 25, 50, 75, and 100 g/kg DM 
HSC) and εijk = was the residual error at kth observation on 
jth goat and ith diet (0, 25, 50, 75, and 100 g/kg DM HSC). 
Polynomial contrasts were performed to determine the linear 
and quadratic trends of dietary inclusion levels. A Tukey’s 
test was used to declare least square means significantly dif-
ferent at P ≤ 0.05 and tendencies at 0.05 < P ≤ 0.10.

Results

Feed ingredients and diet chemical attributes

Diets, HSC, SBM, and ration formulations all have chemical 
profiles that are similar to those reported by Semwogerere 
et al. (2022, 2023a, 2023b) (Tables 1 and 2). In summary, 
the inclusion of HSC in diets resulted in a linear increase 
(P ≤ 0.05) in DM, EE and ash, fiber (i.e., NDF, ADF and 
lignin) and phenolic components (i.e., total phenols and tan-
nins) and linear decrease (P ≤ 0.05) in CP, starch, metaboliz-
able energy and non-fibrous carbohydrates.

Nutrient intake, digestibility, and ruminal 
fermentation parameters

Table 3 shows the effects of feeding graded HSC levels 
to Kalahari Red goats on nutrient intake and digestibility. 
The DMI (P = 0.081) and organic matter (OM) intake (P 
= 0.067) tended to decline linearly with dietary inclusion 
of HSC. Crude protein intake decreased linearly (P ≤ 0.05) 
while EE intake increased linearly (P ≤ 0.05) with dietary 
inclusion of HSC. Diet had no effect (P > 0.05) on appar-
ent total digestibility parameters. The effects of feeding 
increasing levels of HSC to Kalahari Red goats on rumen 
fermentation parameters are shown in Table 4. The ruminal 
fermentation parameters were not affected by diet (P > 0.05), 
except for ruminal pH (P = 0.090) which tended to increase 
linearly with dietary inclusion of HSC.

Purine derivatives and nitrogen balance

Feeding HSC reduced (P ≤ 0.05) total urine output in a 
linear fashion (Table 5). The inclusion of HSC in goat 
finisher diets linearly decreased (P ≤ 0.05) urinary excre-
tion of allantoin and xanthine plus hypoxanthine (Table 5). 
Microbial nitrogen supply, total PD absorbed and excreted, 
intake and urinary nitrogen decreased linearly (P ≤ 0.05) 
with increasing dietary inclusion levels of HSC (Table 5). 
Fecal N, retention N and utilization efficiency of N were not 
influenced (P > 0.05) by diet (Table 5).

Discussion

The present study compared the nutrient intake and digest-
ibility, rumen fermentation, nitrogen balance and micro-
bial protein synthesis of goats fed increasing dietary levels 
of HSC in place of SBM. The observed disparities in the 
experimental diets’ chemical composition were largely 
ascribed to the substitutive effect of SBM with HSC. A 
similar trend was reported when HSC was included in 
lamb finisher diets (Mustafa et al. 1999; Karlsson and 
Martinsson 2011; Mierliță 2018).

The linear decrease in CP intake and increase in EE 
intake corresponds to their dietary contents as influenced 
by the addition of HSC. An earlier study shows that feed-
ing whole hempseed cake to dairy goats did not affect 
CP intake but increased EE intake (Rapetti et al. 2021). 
Within the recommended dietary CP and EE range, intake 
of both proximate components is directly proportional to 
the dietary contents (Patra 2013; Owens et al. 2014). The 
increment in EE intake with dietary HSC inclusion despite 
the tendency of DMI to decline might also be attributed 
to biohydrogenation of dietary PUFA by B. fibrisolvens 
which enhances fat intake up to 42 g/kg DM dietary fat 
(Patra 2013; Owens et al. 2014). Of importance, goats 
have a high number of B. fibrisolvens which enables them 
to tolerate diets with high dietary fat relative to other rumi-
nants (Shivani et al. 2016; Candyrine et al. 2017).

The similarity in NDF intake of goats despite its vari-
ation in the nutritional composition of diets suggests that 
the differences, especially in NDF and tannin contents 
were not sufficient to influence palatability and digestion. 
The inclusion of HSC in ruminant diets has been reported 
to not affect feed palatability (Semwogerere et al. 2020; 
Addo et al. 2023). More so, the NDF of diets in the current 
study was less than 180 g/kg DM which is considered to 
be too low to affect nutrient intake in goats (Avondo et al. 
2008). The concentrations of the most dominant polyphe-
nol (i.e., condensed tannins) in HSC were below 55 g CT/
kg DM, which is too low to have any adverse effect on 
ruminants' feed intake and digestibility (Kumar and Singh 
1984; Min et al. 2003; Pojić et al. 2014). When HSC is 
used in place of SBM or canola meal in lambs, similar 
NDF intake outcomes have also been reported (Mustafa 
et al. 1999; Antunović et al. 2020).

Similarities in the digestibility values agree with an 
earlier study with lambs where HSC replaced canola 
meal (Mustafa et al. 1999). The lack of differences in the 
digestibility values could be ascribed to the similarities 
in nutrient intake across diets. The DMI of goats has also 
previously been reported to be similar when fed 100 g/
kg DM of HSC replacing SBM (Abrahamsen et al. 2021; 
Semwogerere et  al. 2022). However, the digestibility 
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values observed in the current study are higher than those 
reported in lambs fed HSC diets (Mustafa et al. 1999). 
This species difference may be explained by goats’ supe-
rior capacity to digest fibrous diet compared to other rumi-
nants (Domingue et al. 1991; Aregheore 1996).

The similarity in rumen ammonia values across diets 
observed in the present study despite the linear decline in 
CP intake could be attributed to the increase in dietary fat 
intake. Dietary fat deters proliferation of rumen protozoans 
thus limiting protozoal predation on rumen bacteria thereby 
reducing bacterial protein recycling (Bach et al. 2005; Patra 
2013; Nur Atikah et al. 2018). The current study’s ruminal 
pH and ammonia are comparable to other goat studies that 
fed whole hempseed (Rapetti et al. 2021) and SBM-based 

diets (Gomes et al. 2018). However, the substitution of SBM 
with HSC up to 30% has been reported to decrease rumen 
fermentation parameters among goats and this was attributed 
to the reduction of NFC (Abrahamsen et al. 2021). In the 
current study, though a linear decline in NFC was recorded 
among diets, no difference in the rumen fermentation param-
eters was observed, which might be attributed to lower HSC 
inclusion levels.

The lack of HSC inclusion effect on total VFA, acetate 
and propionate could be ascribed to the similar OM intake 
and digestibility across diets. The increase in OM intake and 
digestibility has been reported to result in high total VFA 
and acetate in lambs (Tadayon et al. 2017). Feed organic 
matter is the main substrate for rumen microbial growth and 

Table 3   Effects of feeding increasing levels hempseed cake on nutrient intake and digestibility of wether goats

a Apparent digestibility = [(nutrient intake (g/day) - nutrient in fecal matter (g/day))/ nutrient intake (g/day)] × 100
SEM standard error of means

Hempseed cake inclusion level (g/kg DM) in the diet P-value

0 25 50 75 100 SEM Diet Linear Quadratic

Nutrient intake (g/d)
  Dry matter 1080 1039 1012 1012 964 44.3 0.472 0.081 0.941
  Organic matter 1013 973.4 947.9 946.3 899.9 41.5 0.431 0.067 0.944
  Crude protein 162.7 156.3 149.3 148.9 135.1 6.61 0.081 0.007 0.737
  Neutral detergent fiber (aNDFom) 206.7 199.2 196.3 199.1 192.2 8.54 0.815 0.293 0.831
  Ether extract 30.7 31.9 33.1 33.9 36.0 1.38 0.121 0.011 0.769

Apparent total tract digestibilitya

  Dry matter 73.1 73.1 73.1 74.1 74.1 2.00 0.987 0.625 0.893
  Organic matter 75.5 74.9 74.8 75.5 74.7 1.87 0.996 0.882 0.965
  Crude protein 72.0 71.9 71.8 74.1 74.8 2.16 0.789 0.269 0.628
  Neutral detergent fiber (aNDFom) 58.3 58.0 55.9 55.7 55.3 2.48 0.893 0.365 0.941
  Ether extract 83.6 84.0 84.0 84.7 84.8 1.40 0.971 0.497 0.972
  True organic matter digestibility 91.5 91.4 90.9 90.9 90.5 0.52 0.614 0.130 0.945

Table 4   Effects of feeding 
increasing of hempseed cake 
on ruminal fermentation 
parameters of wether goats

SEM standard error of means

Hempseed cake inclusion level 
(g/kg DM) in the diet

SEM P-value

0 25 50 75 100 Diet Linear Quadratic

pH 6.6 6.7 6.8 6.8 6.8 0.09 0.473 0.090 0.674
Ammonia-nitrogen (mg/L) 322 324 331 327 376 50.12 0.931 0.481 0.665
Total volatile fatty acids (VFA, mM) 56.5 57.6 59.2 63.5 66.8 7.21 0.836 0.260 0.797
VFA (mM/ 100 mM)
  Acetate 64.8 62.5 63.6 65.2 62.6 2.68 0.926 0.829 0.987
  Propionate 18.3 19.2 19.0 18.6 21.1 1.69 0.793 0.354 0.640
  Butyrate 12.1 13.3 12.1 11.2 10.7 1.76 0.870 0.409 0.658
  Isobutyrate 1.6 1.7 1.5 1.4 1.3 0.24 0.822 0.292 0.673
  Valerate 1.18 1.13 1.32 1.25 1.38 0.25 0.955 0.517 0.921
  Isovalerate 2.07 2.16 2.46 2.35 2.84 0.49 0.824 0.281 0.830
  Acetate: propionate ratio 3.66 3.39 3.36 3.81 3.13 0.46 0.851 0.672 0.843
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VFA production (Faverdin 1999; Soltan and Patra 2021). 
However, Neto et al. (2016) suggested that the acetate con-
centration is more related to NDF intake and digestibility. 
In this study, HSC inclusion had no effect on NDF intake 
and digestibility, which could further explain the similarity 
in acetate concentration. Butyrate, isobutyrate, valerate and 
isovalerate are derivatives of branched amino acid fermen-
tation in the rumen (Russell and Sniffen 1984; Van Soest 
1994). The amino acid profile of HSC and SBM are com-
parable (Karlsson et al. 2012; Paula et al. 2018). Therefore, 
the concentrations of these branched VFA are determined 
by CP intake and digestibility which was not influenced by 
addition of HSC to the diets.

The current study is the first to report urinary PD excre-
tions from ruminants fed HSC. The reduction in CP intake 
might have resulted in low urine volume produced (Van 
Vuuren and Smits 1997; Dijkstra et al. 2013). The linear 
reduction in urinary PD excretion and microbial nitrogen 
supply with increasing levels of HSC could be attributed to 
a linear decline in NFC, resulting in OM intake tendency 
to decrease with the addition of HSC to the diet (Ma et al. 
2015). The amount of urinary PD excreted is directly pro-
portional to digestible OM in the rumen (DOMR) which is 
associated with OM intake (Chen and Gomes 1992). Urinary 
PD excretion is a proxy of microbial protein supply to rumi-
nants (Chen and Gomes 1992; Soliva et al. 2015). A decline 
in microbial nitrogen with increasing HSC could imply a 
reduction in DOMR, which subsequently limits microbial 

growth and their post-ruminal flow, which translates into 
low urinary PD excretes. More so, most literature relates the 
decline in urinary PD excretion to anti-quality factors such 
as condensed tannins as they limit protein degradability and 
digestibility (Chen and Ørskov 2004; Abarghuei et al. 2010). 
However, condensed tannin contents of the diets were too 
low to influence protein digestion in the small intestines as 
stated earlier. However, the bioavailability of cannabinoids, 
another group of bioactive compounds in HSC, and their 
effects on protein digestion in ruminants are not known and 
merit investigation.

The reduction in urinary N might be attributed to the lin-
ear decline in CP intake as urinary N directly correlates with 
CP intake (Van Vuuren and Smits 1997; Dijkstra et al. 2013). 
No literature is available on N balance for goats fed HSC. 
The lack of difference in fecal N, and N retention could be 
attributed to a similar trend observed for CP digestibility and 
rumen fermentation parameters. Fecal N and N retention are 
a function CP digestion, absorption and N recycling (Cal-
samiglia et al. 2010; Chrenková et al. 2018). These processes 
are mainly controlled by rumen microbial activity (Nandra 
et al. 1993; Chrenková et al. 2018). The N efficiency of uti-
lization for diets was within the 10–40 range recommended 
for highly productive ruminants (Calsamiglia et al. 2010).

Overall, the inclusion of HSC in goat finisher diets lin-
early decreased their CP intake, microbial N supply, PD 
absorbed and excreted without affecting rumen fermentation 
parameters, apparent nutrient digestibility and N retention. It 

Table 5   Effects of feeding increasing of hempseed cake on purine derivatives, microbial nitrogen supply and nitrogen retention of wether goats

Least square means with different superscript within a row are significantly different (P ≤ 0.05)
Digestible OM intake (g/kg DM) = (OM intake - fecal OM)/DM intake
Utilization of N efficiency = (N retention/N intake) × 100
SEM standard error of means

 Variables Hempseed cake inclusion level (g/kg DM) in the 
diet

SEM P-value

0 25 50 75 100 Diet Linear Quadratic

Urine (mL/d) 1062.0 936.5 673.6 658.3 639.1 144.79 0.173 0.023 0.406
Urinary excretion (mM/d)
Allantoin 27.2 19.0 17.2 16.6 14.1 3.17 0.076 0.001 0.300
Uric acid 0.8 0.7 0.7 0.7 0.7 0.15 0.991 0.662 0.845
Xanthine + Hypoxanthine 3.0 2.1 1.6 1.0 0.8 0.37 0.002 0.001 0.436
Total purine derivatives excreted 22.3 20.8 18.5 18.1 18.6 1.43 0.200 0.036 0.269
Total purine derivatives absorbed 24.2 22.4 19.6 19.1 19.8 1.70 0.200 0.036 0.269
Microbial nitrogen supply, g N/day DOMI 16.6 15.3 13.3 12.9 12.8 1.23 0.148 0.018 0.387
Nitrogen balance (g/day)
N intake 42.6 40.3 37.2 36.7 34.4 1.26 0.002 0.001 0.572
Fecal N excretion 16.7 15.1 16.2 17.4 15.4 1.81 0.897 0.977 0.934
Urinary N excretion 13.9 11.1 8.1 7.6 7.2 1.82 0.075 0.008 0.291
N retention 12.1 14.1 12.9 11.8 11.7 2.96 0.977 0.754 0.716
Utilization of N efficiency (%) 28.8 33.9 34.9 31.8 33.8 7.34 0.978 0.734 0.710
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was concluded that HSC could substitute SBM up to 100 g/
kg DM in goat finisher diets without compromising nutrient 
digestibility and utilization. Hempseed cake has proved to be 
a viable and beneficial feed ingredient in commercial goat 
finisher diets that could improve production (Semwogerere 
et al. 2022) and enhance meat health value (Semwogerere 
et al. 2023a, 2023b) without influencing nutrient digestibil-
ity and utilization. Utilization of HSC a livestock feed could 
enhance the market value of hemp as it provides additional 
value to the by-product of oil extraction. Further research 
could be done to verify current findings against different 
hemp varieties and goat breeds. Additionally, future studies 
could increase animal numbers and collect rumen fluid on-
farm using a stomach tube as these are the main limitations 
of this study.
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