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ABSTRACT
 This study examined the interactive effects of dietary crude protein (CP), calcium (Ca), phosphorus 
(P), and magnesium (Mg) on pre-pubertal growth in captive grasscutters. Fifty weaned grasscutters (6 
weeks old; initial mean weight 0.582 kg) were assigned to a 5 î 2 factorial design (diets î sex; 
n 10/treatment, 1:1 sex ratio). Treatments comprised four pelleted concentrate diets and fresh elephant 
grass (control, mimicking farmers
 practice): Diet 1 (15� CP, 1.2� Ca, 0.6� P, 0.3� Mg); Diet 2 (15� 
CP, 1.5� Ca, 0.75� P, 0.33� Mg); Diet 3 (18� CP, 1.2� Ca, 0.6� P, 0.3� Mg); Diet 4 (18� CP, 1.5� 
Ca, 0.75� P, 0.33� Mg); elephant grass (11.37� CP, 0.9� Ca, 0.19� P, 0.13� Mg). Dietary CP 
inÀuenced feed intake: Diets 1 and 2 (110.4 g/d) ! Diets 3 and 4 (103.0 g/d), but elephant grass provoked 
the highest intake (160.1 g/d). Mineral synergies showed no clear feed intake effects (e.g., Diet 4   102.2 
g/d vs. Diet 3   103.8 g/d; Diet 2   109.1 g/d vs. Diet 1   111.7 g/d). Water consumption increased with 
elevated mineral levels: Diets 2 and 4 (114.3 ml/d) ! Diets 1 and 3 (106.7 ml/d). At 15� CP, elevated 
minerals (Diet 2) boosted average daily gain (0.013 kg vs. 0.010 kg), total weight gain (1.540 kg vs. 1.240 
kg), and final body weight (2.132 kg vs. 1.808 kg) compared to Diet 1. At 18� CP, minerals had minimal 
impact (Diet 4 vs. Diet 3: 0.014 kg vs. 0.014 kg daily gain; 1.736 kg vs. 1.693 kg total gain; 2.317 kg vs. 
2.275 kg final weight). It is concluded that synergies of elevated Ca, P, and Mg drive growth in CP-
restricted diets (�15�) beyond CP alone, and even at 18� CP, a mineral threshold is required to optimize 
pre-pubertal growth of captive grasscutter.
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INTRODUCTION
 Grasscutters (Thryonomys swinderianus), the 
preferred bushmeat in sub-Saharan Africa (Falade et 
al., 2010), face production limits due to nutritional 
inadequacies of tropical grasses (Pennisetum 
purpureum and Panicum maximum), which are the 
main diets for captive grasscutters. These diets 
cause low birth weights, poor growth and 
reproduction capabilities, and high pre-/post-
weaning mortalities (Adu et al., 2017). Past 
researches have focused on crude protein (CP) 
effects on growth (Kusi et al., 2012; Okyere et al., 
2021) but have overlooked key minerals such as Ca, 
P, and Mg vital for skeletal structure and metabolism 
(Kothari et al., 2024). Grasses contain a substantial 

amount of Ca, but lower levels of P and Mg. 
Imbalanced Ca:P:Mg ratios impair absorption and 
utilization, thereby hindering growth (David et al., 
2023).
 Again, grasscutter farming is increasingly 
becoming popular in urban areas in Ghana. Urban 
farming challenges, such as grass scarcity, transport 
costs, and labor (Annor and Kusi, 2008), necessitate 
the production of pelleted concentrates for easy 
accessibility. But how much CP, Ca, P, and Mg 
should be included in the pelleted concentrates" 
This study targets optimal levels of these nutrients to 
boost feed and water intake of pre-pubertal 
grasscutters to optimise growth via the nutrients
 
synergies.
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Location and duration of study
 The experiment was conducted at the grasscutter 
unit of the Department of Animal Science Education 
farm, Akenten Appiah-Menka University of Skills 
Training and Entrepreneurial Development, Asante 
Mampong Campus, Ghana. The experiment lasted 
for 18 weeks (including 2 weeks for adaptation. 
Table 1 shows mean temperature, humidity, and 
wind speed data recorded during the experimental 
period.

MATERIALS AND METHODS
Ethical Approval
� This study was performed in line with the 

principles of laboratory animal care
 and animal 
rights standards. Approval was granted by the Ethics 
Committee of Council for Scientific and Industrial 
Research (CSIR), Accra, Ghana. (2023-07-02/ 
CSIR020/2023).

Table 1. Mean temperature, humidity and wind speed recorded over the period of study

Period Temperature (ႏ) Humidity (�) Wind speed (kmph)
November 27.00 70 6.44
December 23.50 79 6.44
January 28.50 60 8.69
February 30.50 55 9.33

Experimental animals
The study used 50 weaned captive grasscutters (6 weeks old; average initial weight 0.583 kg; 25 males, 25 

females), balanced by weight and randomly allocated to 5 dietary treatments with 10 animals/treatment and 
1:1 sex ratio. They were housed singly in three-tier battery cages (measuring 60î50î40 cm) with each tier 
holding three cubicles. Crimped wire mesh was used as partitions and protective lining on wooden columns 
of the cages to prevent gnawing. Pull-out drawers were placed under the cubicles to collect feaces and waste 
feed.

Ration
Four diets containing varying levels of CP, Ca, P, and Mg were formulated, compounded, and pelletised. 

Fresh elephant grass was fed as a control to mimic local grasscutters farmers
 practice. The proportions of the 
individual feed ingredients included in each of the four dietary treatments are detailed in Table 2.

Plate 1: A three-tier grasscutter cage                           Plate 2: Pubertal-aged male grasscutter
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from the amount offered to calculate daily feed 
intake before the next feeding. 
Preparation of feedstuffs
 The freshly cut feedstuffs (elephant grass and 
moringa leaves) were air-dried to about 12� 
moisture and milled to pass through a 2 mm sieve 
using a Hammer mill. The remaining ingredients 
were obtained from university feed stores.
Proximate composition of experimental diets
 The proximate compositions of feed ingredients 
and the diets were analysed using the methods 
prescribed by the Association of O൶cial Analytic 
Chemists (AOAC, 2008) at the Nutritional 
Laboratory of the Kwame Nkrumah University of 
Science and Technology (KNUST).  The 
metabolizable energy (ME) of the diets was 
calculated using the formula: ME   37 x �CP + 81.8 
�EE + 35 x �NFE as proposed by Pauzenga 
(1985). Details are shown in Table 3.

Feeding and watering
 Experimental grasscutters were fed twice daily 
at 07:00 h and 17:00 h GMT. For weeks 1–8, each 
animal received 100 g/day (70 g morning, 30 g 
evening); for weeks 9–16, 150 g/day (100 g 

morning, 50 g evening). Feed leftovers were 
collected each morning, weighed, and subtracted 

Parameter       Experimental diets 
 Control Diet 1 Diet 2 Diet 3 Diet 4
Moisture (�) 90.77 8.24 8.98 8.83 8.87
Crude protein (�) 11.37 15.15 15.21 18.25 18.18
Ether Extract (�) 1.32 2.23 2.08 2.59 2.97
Crude Fibre (�) 28.47 9.61 9.83 9.48 9.21

1Vitamin mineral premix composition: vit A (800 IU), vit D (3000 IU), vit E (8 IU), vit K (2 mg), vit B1 (1 mg), vit B2 (2.5 mg), vit B12 
(5 mg), Niacin (10 mg), Pantothenic acid (5 mg), Antioxidant (6 mg), Folic acid (0.5 mg), Choline (150 mg), Iron (20 mg), Manganese 
(80 mg), Zinc (50 mg), Cobalt (0.22 mg), Iodine (2 mg) and selenium (0.1 mg).

Table 2. Composition of experimental diets

Table 3. Chemical composition of diets

�Plate 3: Pubertal-aged female grasscutter feeding on 
pelleted diet

Ingredients  � Composition
 Control Diet 1 Diet 2 Diet 3 Diet 4
Maize  0.0 30.0 28.0 24.0 20.9
Rice husk 0.0 16.7 14.4 10.0 10.0
Elephant grass (fresh) 100.0 0.0 0.0 0.0 0.0
Elephant grass (dry) 0.0 8.0 8.0 8.0 8.0
Soy bean mea l0.0 17.4 18.0 27.1 27.5
Wheat bran  0.0 10.0 10.0 13.0 12.0
Moringa  0.0 3.0 3.0 5.0 5.0
Oyster shell 0.0 0.7 2.0 0.7 2.0
Dicalcium phosphate  0.0 3.0 6.0 3.0 6.0
Magnesium oxide 0.0 0.2 0.6 0.2 0.6
1Vit. mineral premix 0.0 1.0 1.0 1.0 1.0
Common salt 0.0 2.0 2.0 2.0 2.0
Cassava Àour 0.0 0.0 7.0 6.0 5.0
Total  100.0 100.0 100.0 100.0 100.0
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 Pre-pubertal grasscutters fed fresh elephant 
grass consumed substantially more feed than those 
on pelleted concentrate diets varying in mineral 
levels. This likely stems from the forage
s lower dry 
matter (DM) content (9.23�) compared to 91.27� 
DM in pellets. Lower DM feeds promote higher 
intake rates to achieve satiety, as noted by Karikari 
and Nyameasem (2009) for grasscutters.
 Additionally, animals fed ad libitum adjust 
intake to meet nutrient needs (Azevrdo et al., 2016). 
Less nutrient-dense feeds like elephant grass 
(Singh, 2024) require greater consumption to satisfy 
metabolic demands compared to the pelleted 
concentrates. Thus, higher intake of forage reÀects 
compensatory behaviour. Again, feed intake 
increased with the advancement of age (Fig. 1). A 
similar observation was made by Suman et al. 
(2024) on Gaddi goat bucks fed bypass fat. 
 The interactive effects of dietary crude protein 
(CP), calcium (Ca),  phosphorus (P),  and 
magnesium (Mg) did not inÀuence feed intake in 
pre-pubertal grasscutters. Information on such 
interactions remains scarce for farm animals.  The 
variations in Ca, P, and Mg levels typically do not 
affect feed intake in species like poultry (Al-
Ghamdi, 2022), pigs (Yang et al., 2022), and cows 
(McArt and Oetzel, 2023). This suggests that 
minerals in general have minimal effect on livestock 
feed intake, as other studies with zinc show similar 

Experimental design
 5 x 2 factorial consisting of five dietary 
treatments and the sex of the grasscutters (male and 
female) was used. MINITAB version 18.1 was used 
for the analysis (Minitab, 2017). The differences in 
means were separated using Tukey
s pair-wise 
comparisons at 95� confidence level. 
Statistical model
 The following statistical model was used to 
explain the effect and the relationship between the 
diets fed and the final body weight of the 
grasscutters:

RESULTS AND DISCUSSION
Treatment effect on feed intake
 Elephant grass-fed grasscutters consumed more 
feed (160.1 g/animal/d) than those on pelleted diets 
(106.5 g/animal/d), with Diets 1 and 2 showing 
higher intake (110.4 g) than Diets 3 and 4 (103 g); 
intake increased with age (Fig. 1).

Ash (�) 7.65 9.89 11.62 10.61 11.38
NFE (�) 48.11 49.57 49.43 51.02 51.23
Ca (�) 0.90 1.17 1.48 1.18 1.47
P (�) 0.19 0.58 0.74 0.58 0.73
Mg (�) 0.13 0.32 0.37 0.32 0.36
Calculated Values
1Energy MJ/ kg ME 9.28 10.37 10.31 11.18 11.23
Protein: Energy  1.23 1.46 1.48 1.63 1.62

1Estimated using equation by Pauzenga (1985); ME   (37 î percent crude protein) + (81.8 î percent ether extract) + (35 î percent  
nitrogen free extract).  

2Y  Į+Ĳ +Ȗ ࣅ+ , where ࣅ aN(0,ı  )ijk j k ijk ijk

· Y   the true body weight for the jAth observation ijk

from the jAth treatment and kth sex
· i   the observation number within the jAth 

treatment and kth sex
· j   the type of treatment (Elephant Grass, D1, 

D2, D3, D4)
· k   the type of sex (Male, Female)
· Į   the true mean body weight for the treatment E 

Grass group (the baseline group)
· Ĳ    the true deviation for jth treatment (D1, D2, j

D3, D4) from the true mean of the baseline group 
(E Grass)

· Ȗ    the true deviation for the kth sex (Female) k

from the true mean of the baseline group (Male).
·  the random error associated with the iAth   ࣅ

observation from the jAth treatment and kth sex.

Fig. 1. Effect of dietary compositions on feed intake 
of pre-pubertal grasscutters
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diet groups.
 Grasscutters exhibit substantial feed wastage, 
particularly on forage diets, wasting about 70� of 
forage (Mensah et al., 2001) and 17� of mashed 
concentrates (Kusi et al., 2012). In this study, 
however, captive pre-pubertal grasscutters on 
forage diets wasted approximately 62.2�²slightly 
less than previously reported. Wastage dropped 
markedly to 8.7� for those fed pelleted 
concentrates, a roughly 50� improvement over 
mashed feeds.
 This reduction likely stems from the pelleted 
form
s lower surface area compared to forage or 
mashed diets, which limits scattering. Farmers 
should prioritize pelleted diets to cut losses, boost 
profits, and curb environmental impacts such as vast 
land for disposal and emission of greenhouse gases 
like methane (CHၹ), nitrous oxide (NၷO), and 
carbon dioxide (COၷ) (Liu and Liu, 2018). Sex 
inÀuenced feed wastage in grasscutters on forage 
diets but not on pelleted concentrates. Males wasted 
about 7.6� more fresh forage than females, likely 
due to their greater aggression (Soro et al., 2014).
Synergistic Effects of Dietary CP, Ca, P, Mg, and 
Weather on Water Intake in Pre-pubertal 
Grasscutters
 Figure 3 illustrates how daily water intake was 
inÀuenced by dietary CP and mineral levels and 
weather. Pelleted concentrate diets with higher 
mineral levels (diets 2 and 4) increased water intake 
to 117.5 ml/animal/day, compared to 100 
ml/animal/day for lower-mineral diets (diets 1 and 
3).
 Feed type significantly affected intake: forage-
fed grasscutters drank a20 ml/animal/day, versus 
a103 ml/animal/day for pelleted concentrates. 
Water intake, furthermore, rose with higher ambient 
temperature and lower relative humidity (RH), 
averaging 103 ml/animal/day and peaking in 
February at 30.5�C and 55� RH, whereas the least 
amount was drunk in December at 23.5�C and 79� 
RH (Fig. 4).

results (Padmaja et al., 2024; hŵƌĂŽ Ğƚ Ăů͕͘ ϮϬϮϱͿ͘ 
,ŽǁĞǀĞƌ͕  intact sheep fed Mg-deficient diets 
showed reduced voluntary intake compared to 
controls (Ammerman et al., 1971). Specifically, 
complete Mg absence slashed intake by 32�, with a 
minimum requirement of 8–10 mg/kg body weight 
needed to restore normal appetite (Ammerman et 
al., 1971). This underscores the importance of 
meeting Mg thresholds to sustain feed intake. In the 
present study, the Mg levels offered evidently met 
growing grasscutters
 minimum needs, explaining 
the consistent intake across treatments. 
Interactive effect of diet and sex on feed intake
 Except for grasscutters fed diet 4, feed intake 
was slightly higher for male animals across the 
dietary treatments; however, the differences were 
bridged as the animals aged (Fig. 2).
 

Age significantly inÀuenced feed intake, with 
consumption rising from weaning (6 weeks) to 24 
weeks old. This aligns with increased physiological 
demands during growth, necessitating higher 
intake. Grandl et al. (2016) observed similar 
patterns in growing cows where organic matter 
intake increased with age, possibly as a result of 
distention of the rumen. The caecum in the 
grasscutter mimics the rumen in ruminants, which 
may account for similar results.
 Sex had no significant effect on feed intake, 
though males consumed slightly more than females 
early in growth before patterns converged. This 
corroborates the findings by Hussein and Abd El-
Fattah (2020), which indicated a lack of sexual 
dichotomy in feed intake of growing California 
rabbits.
Feed wastage
 Feed wastage differed greatly between pelleted 
concentrate diets (diets 1–4) and fresh elephant 
grass. The average percentage of feed wastage for 
animals fed pelleted diets was 8.66�, in contrast to 
the 62.20� recorded for their counterparts fed fresh 
elephant grass. Males wasted more grass than 
females, but no sex differences appeared in pelleted 

Fig. 2.   Effect of age and sex on feed intake  

Fig. 3.W� ater intake dynamics of pre-pubertal grasscutters
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 The variations observed in water intake during 
the study period could also be attributed to the 
prevailing weather conditions. The months with 
relatively higher temperatures drove intake to 
support thermoregulation, countering dehydration 
from increased respirat ion (Wolf ,  2020; 
Orakpoghenor et al., 2021). Adequate clean water is 
thus vital for homeostasis, especially in hot sub-
Saharan regions like Ghana (Rivera and Anjum, 
2023), because hypohydration affects body Àuids 
concentrations, risking hypotonic hypovolemia 
(Thornton, 2016).
Growth performance
 Dietary synergies of CP, Ca, P, and Mg 
significantly inÀuenced (P �0.05) growth rate, final 
body weight, and total weight gain. Grasscutters on 
diets 3 and 4 achieved the highest values, 
outperforming (P�0.05) those on diets 1, 2, and 
elephant grass (control). The control group 
performed the poorest (P�0.05) across all growth 
metrics.
 Sex î diet interactions also affected body weight 
measures, with males and females on diets 3 and 4 
superior (P�0.05) to other groups. Daily weight 
gain, final body weight, and total weight gain were 
similar for males on diet 2 and both sexes on diet 3, 
but higher (P�0.05) than diet 1 and control. Within 
the diets, sexes showed similar performance (Table 
4), except males on diet 2 that outperformed their 
female counterparts.

 Grasscutters fed Diets 2 and 4 (1.5� Ca, 0.75� 
P, 0.38� Mg) drank more water than those on 1.2� 
Ca, 0.6� P, and 0.3� Mg (diets 1 and 3), regardless 
of CP content. The elevated levels of the minerals in 
diets 2 and 4 might have caused a corresponding 
increase in water intake. Similar findings were 
observed in rats (Oyeyipo et al., 2010). Kusi et al 
(2012) reported an average water intake of 101.93 
ml/animal/day, which is similar to that of animals 
fed diets 1 and 3 but lower than 114.3 ml/animal/day 
recorded for animals fed diets 2 and 4. The 
similarities and the variations could be attributed to 
the levels of Ca, P, and Mg in the diets. This could be 
ascribed to the role of water to dissolve minerals for 
possible absorption and excretion of the excess from 
the blood (Khan et al., 2016; Shkembi and 
Huppertz, 2021). For instance, inadequate water 
intake risks Ca supersaturation, which could lead to 
kidney stones, with over 80� of global cases linked 
to calcium compounds like oxalate (Khan et al., 
2016; Susilo et al., 2021). 
 Grasscutters  fed elephant  grass drank 
approximately 70 ml less (per animal/day) 
compared to those fed pelleted concentrates. The 
differences in dietary moisture might have 
accounted for this. Forage
s high moisture provided 
adequate hydration, reducing drinking needs, while 
drier pellets demanded more water for digestion and 
metabolism. Torres et al. (2019) alluded that dietary 
characteristics such as dry matter and ash could 
inÀuence the drinking habits of cows, as observed in 
this study.

Table 4. Dietary CP, Ca, P, and Mg synergies on growth performance of captive pre-pubertal grasscutters

Variable� Initial�Weight (kg)   � Daily�weight (kg)� Total weight (kg)  Final Body weight (kg)
Dietary treatments

d d dGrass� 0.585� 0.006 � 0.721 � 1.301 � �
c� c� cDiet 1� 0.573� 0.010 1.240 1.808
b� b� bDiet 2� 0.592� 0.013 1.540 2.132
a� a� aDiet 3� 0.582� 0.014 1.693 2.275
a a� aDiet 4� 0.581� 0.014 � 1.736 2.317

SEM� 0.007� 0.001� 0.014� 0.014
P-value� 0.552� 0.001� 0.001� 0.001
Sex effect

a� a� a�Male� 0.591 0.012 1.402 1.994a
b� b� b� bFemale� 0.574 0.011 1.369 1.939

SEM� 0.005� 0.001� 0.022� 0.008
P-value� 0.019� 0.001� 0.012� 0.001
Treatment*Sex

a a aDiet 4*Males� 0.594� 0.015 � 1.742 � 2.336 �
a a aDiet 4*Females� 0.568� 0.014 � 1.731 � 2.299
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0.6� P, 0.3� Mg), emphasizing mineral 
optimization synergies over CP alone in promoting 
growth at pre-pubertal stage of captive grasscutters. 
This study rea൶rms the role of Ca, P, and Mg as 
growth promoters via bone mineralization 
(Michigami and Osono 2019; Wongdee et al., 
2019), energy metabolism in the cell (P in 
ATP/creatine phosphate) (Karger et al., 2024) and 
homeostasis (Morris and Mohiuddin 2021) to the 
extent that their deficiencies (hypocalcemia, 
hypophosphatemia, and hypomagnesemia) in 
growing animals risk delayed growth and 
development and may act as predisposal factor to 
rickets (Miller and Imel, 2022).
 Sexual dichotomy did not show any significant 
variation in daily body weight gain, final body 
weight, or total body weight gain among animals 
that received the same diet, except for those fed diet 
2, which warrants further investigation. Aside from 
pre-pubertal grasscutters fed diet 2, the weight gap 
between males and females at weaning was 
mitigated by 24 weeks of age. These findings align 
with earlier reports that sex-based growth variations 
in some animals diminish when environmental and 
dietary factors are standardised. Lamptey et al. 
(2022) reported a lack of sexual dichotomy in the 
growth performance of New Zealand rabbits when 
offered similar dietary treatments as observed in this 
study. This emphasizes the nutritional impact over 
biological sex on growth outcomes of pre-pubertal 
grasscutters.
Feed conversion ratio
 Grasscutters fed diet 4 exhibited the lowest FCR, 
which was statistically similar to that of diet 3 but 
different from diets 1 and 2. In contrast, animals fed 
elephant grass recorded the highest FCR compared 
to those offered concentrate pelleted diets (Fig.4).

 Dietary synergies of CP, Ca, P, and Mg 
remarkably inÀuenced daily body weight gain, final 
body weight, and total weight gain in pre-pubertal 
grasscutters. Those fed 18� CP pelleted diets, 
irrespective of the mineral levels, averagely gained 
14 g/day²over double that of elephant grass-fed 
animals and 2.5 g/day higher than 15� CP fed 
groups²confirming 18� CP as optimal for 
promoting growth of captive grasscutters, 
consistent with prior findings (Kusi et al., 2012; 
Nyameasem et al., 2019). Protein promotes growth 
primarily by providing the essential amino acids 
that serve as the building blocks for tissues in the 
body (Petkova et al., 2025). The body uses protein to 
repair and build muscles, bones, skin, and other 
tissues, supporting overall tissue growth and 
maintenance (Lopez and Shamim, 2024; 4amar et 
al., 2025). The growth rate, final body weight, and 
total body weight gain observed for animals fed diet 
4 in this study were higher than those of Kusi et al. 
(2012). Even though the diets involved in the two 
separate studies had similar CP levels (18�), they 
differed in mineral levels. The diet fed by Kusi et al. 
(2012) had lower levels of Ca (0.51�), P (0.66�), 
and Mg (0.18�) compared to the levels used in this 
present study (diet 4) which presupposes that even 
at 18� CP, a certain threshold of Ca, P, and Mg 
levels is necessary to optimise growth in pre-
pubertal captive grasscutters.
 Moreover, the captive pre-pubertal grasscutters 
fed diets 1 and 2 showed significant protein-
mineral-dependent growth patterns. Irrespective of 
the similar CP levels, grasscutters fed Diet 2 (15� 
CP with 1.5� Ca, 0.75� P, and 0.38� Mg) achieved 
markedly higher daily body weight gain, total body 
weight gain and final body weight compared to their 
counterparts fed Diet 1 (15� CP with 1.2� Ca, 

ab ab abDiet 3*Males� 0.592� 0.014 � 1.690 � 2.281
ab ab abDiet 3*Females� 0.572� 0.014 � 1.700 � 2.268
b� b bDiet 2*Males� 0.600� 0.013 1.611 � 2.211
c c cDiet 2*Females� 0.584� 0.012 � 1.468 � 2.052
d d dDiet 1*Males� 0.580� 0.010 � 1.248 � 1.828
d d dDiet 1*Females� 0.566� 0.010 � 1.233 � 1.788
e e eGrass*Males� 0.590� 0.006 � 0.721 � 1.311
e e eGrass*Females� 0.580� 0.006 � 0.721 � 1.291

SEM� 0.011� 0.001� 0.020� 0.018
P-value� 0.961� 0.001� 0.002� 0.001

D 1   15� CP; 1.2� Ca; 0.6� P & 0.3� Mg; D 2   15� CP; 1.5� Ca; 0.75� P & 0.35� Mg; D 3   18� CP; 1.2� Ca; 0.6� P & 0.3� 
Mg and D 4   18� CP; 1.5� Ca; 0.75� P & 0.35� Mg, EG   Elephant Grass F   Female; M   Male; Means in a row with different 
superscripts are significantly different (P�0.05). SEM   Standard Error of Mean.
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