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ABSTRACT

The need to evaluate the nutritional value of different processing methods and higher inclusion levels of Hibiscus
sabdariffa L. seeds and sprouts in diets of small ruminants necessitated this study to investigate the performance of
Yankasa ram lambs fed raw and differently processed H. sabdariffa seeds in maize offal-based diets. Three
processing methods; soaking in water (WS), sprouting (SP) and grinding (GR) at 25% dietary inclusions and 15%
raw H. sabdariiffa seeds (RHS) and a control diet, i.e. no hibiscus seeds (NHS) were adopted in a 5x5 Latin square
arrangement, with five replicates per treatment using Yankasa ram lambs of 17-24 kg. The data collected were
subjected to analysis of variance using general linear model procedure of SAS and treatment means were compared
using Duncan Multiple Range test. The 25% dietary inclusion of water soak (WSHS), 25% ground (GRHS), and
15% RHS and the NHS diets were statistically similar and significantly higher (P<0.05) for weight gain, lower feed
conversion ratio (FCR) and feed cost/kg gain than 25% inclusion of SPHS while the 25% dietary inclusion of
WSHS had the least feed cost/kg gain among the treatment groups. The dietary inclusion of WSHS had higher
(P<0.05) digestibility coefficients for dry matter, crude protein, crude fibre and nitrogen free extract among
treatment group while the 25% inclusion of SPHS recorded least digestibility values except for crude ash content.
The blood indices obtained in this study were all within the normal range values, though inclusions of RHS and all
processed H. sabdarriffa seeds increased (P<0.05) the haemoglobin, white blood cells and neutrophil of Yankasa
ram lambs compare to the control NHS diet. Also, the dietary inclusion of 25% WSHS had higher (P<0.05) total
protein, globulin and cholesterol than the control diet. It could be concluded that dietary inclusions of WSHS and
GRHS were more economical and could potentially be more adoptable compared to the SPHS, although inclusion of
WS seeds gave a better feed cost/kg gain and nutrient digestibility. The inclusion of SPHS imposed a negative effect
on the performance of Yankasa ram lambs. Therefore, there is need for further studies to evaluate the performance
of small ruminants with higher dietary inclusions of WSHS and GRHS.
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INTRODUCTION

The problem associated with animal protein shortages
are a perennial one which may be partly due to the
excess demand over supplies in Nigeria [1, 2]. The
population of sheep in Nigeria was reported to be 50.3
million [3]. This population if well managed and fed
will help in providing animal protein to meet up with
the increasing demand [4] and [5]. Sheep are generally
known to have high production efficiency and during
periods of unpredictable food shortage, they have
proven to be very useful to human beings in the supply
of meat and milk products [6, 7]. In addition to its
nutritional importance to the teeming population, sheep
and goats constitute a good source of family income

and livelihood, assets and agricultural resources for
smallholder farmers [7, 8, 9].

Feed is one of the major factors that influence effective
sheep production in livestock industries and according
to Ibrahim et al. [10], feed intake is a factor that greatly
influences animal’s growth, nutrient utilization and
health. Therefore, shortage of feed for the production
of the increasing sheep population has warranted
research into alternative feed resource. Efforts to
reduce the high cost of feeds and by extension the cost
of small ruminant production in Nigeria have been
concentrated on using feed formulated from available
and cheap alternative feedstuffs of no or less nutritional
value in human diets [11, 12, 2] especially those of
high protein content. Some of the alternative feed
ingredients that could easily be obtained are various
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plant seeds with different crude protein content such as
Amaranthus  spp  (14.5%CP), Pisum sativum
(20.8%CP), Acacia colei (23.4%) and Hibiscus
sabdariffa L. (33.5%CP) as reported by Ismail et al.
[13].

The H. sabdariffa seeds known as “roselle
seeds” in English are cheap alternative protein
feedstuff readily grown in the north eastern part of
Nigeria. The seeds had been used in feed formulation
at different inclusion levels of different processing
methods to enhance the performance of growing Red
Sokoto bucks [2, 14]. The seeds have a moderate to
high content of crude protein ranging from 21-39%,
NFE from 21.4-40%, fat from 6-19% and crude fibre
from 12-22% [15, 16].

The use of H. sabdariffa seeds as protein
source in livestock diet is hampered by its anti-
nutritional content [14] which has negative effects on
nutrient utilization and enzyme catalyzed reactions [17]
and hence must be processed for effective anti-nutrient
destruction. Different processing methods have been
reported to reduce the toxic factors in feeds. Earlier
reports observed that processing methods such as
soaking, cooking or sprouting significantly improved
the nutritional and functional properties of plant seeds
such as bambara groundnut [18] and H. sabdariffa
seeds [15, 16].

The use of inclusion levels of crushed, water
soaked and lime-soaked H. sabdariffa seeds up to 20%
in the diets of small ruminant with improved growth
performance [19, 20, 2], nutrient utilization and good
hematopoietic effects on blood [14] had been
documented. There were also suggestions that higher
inclusion levels and other processing methods could be
further investigated to validate the potential of H.
sabdariffa seed meal as ruminant’s feed ingredient.
However, from our previous study [2], while the 10%
inclusion level of raw H. sabdariffa seeds in rice offal-
based diets was comparable in performance to the 20%
processed seeds, the 20% inclusion level of raw seeds
meal recorded a negative effect on performance of Red
Sokoto bucks. Therefore, there is need to further
investigate higher inclusion levels and other processing
methods of H. sabdariffa seed meals on the growth
performance, nutrient digestibility and blood profile of
Yankasa ram lambs.

MATERIALS AND METHODS

Description of study site

The study was carried out at the small ruminant unit of
the Department of Animal Science, Teaching and
Research Farm, Ahmadu Bello University, Samaru,
Zaria. Zaria is within the northern Guinea savannah
zone of Nigeria, on latitude 11° 16.5759° N and
longitude 7° 63.2304° E at an altitude of 610m above

sea level. The climate is relatively dry with a mean
annual rainfall of 1100-1200mm per annum, occurring
from the months of April and mid-October. The mean
temperature fluctuates from 40.2°C at dry season to
9.2°C at wet season [21].

Collection and sorting of H. sabdariffa seeds

The seeds of red variety of Hibiscus H. sabdariffa were
purchased from an open market in Lere Local
Government of Kaduna state, Nigeria. The seeds were
carefully sorted out and impurities were removed
before further processing.

Methods of processing H. sabdariffa seeds

The sprouting and soaking of H. sabdariffa seeds were
carried out following laid down procedures [14, 16].
For the sprouting method, the H. sabdariffa seeds were
first soaked in clean water (1 kg seed to 5 L of water)
inside plastic buckets for 8hrs. Sprouting was carried
out by spreading each of the soaked seeds on porous
metallic trays for 6 days of germination. The seeds
were kept wet throughout sprouting period by spraying
with clean water (at 1 L to 2 kg seeds) twice daily at
8:00am and 4:00pm. The sprouts were sun-dried for
two days after which it was stored in jute bags until
required for laboratory analysis and diet formulation.
For the soaking method, every 1 kg of H. sabdariffa
seeds was soaked in 3 L of clean water for four days
into clean plastic buckets so as to completely submerge
the seeds. A water changing pattern of 24hrs interval
was carried out for four days. The seeds were then
removed, rinsed and sun-dried on metallic trays for
three days and then stored in jute bags until required
for laboratory analysis and feed formulation. The raw
seeds of H. sabdariffa were milled into smaller
particles using a sieve size of 1.0mm, after which they
were packaged into a jute bag.

Chemical analysis

The experimental diet, feacal samples, raw and
processed samples of H. sabdariffa seeds were
analysed at the Biochemical laboratory, Department of
Animal Science, Ahmadu Bello University, Zaria
Nigeria, using the methods described by Association of
Official Analytical Chemist [22]. The dry matter
samples of the diet, faeces and H. sabdariffa seeds
were analysed by oven-drying for 48 h at 60°C. The
nitrogen was evaluated using the micro Kjeldahl
method with Tecator Product apparatus (Kjeltec
TM2100) and the crude protein was further determined
by multiplying estimated nitrogen by 6.25. The crude
ash content for each sample was determined by
combustion of the dry material in a muffle furnace at
600°C for 8 h. The ether extract was measured using
Soxhlet extraction procedure with electromantle ME.
The crude fibre determination was done using Tecator
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Line (FT 122 FibertecTM) as described by Van Soest
and Wine [23]. The nitrogen free extract was obtained
by subtracting the crude protein, oil, ash and crude
fibre from 100. The concentration of total tannins was
determined calorimetrically according to AOAC [22],
in which tannic acid was used as a reference standard.
The saponin concentration was determined using the
modified method of Yoko et al. [24] while phytic acid
was determined using spectrophotometer after addition
of sulphuric acid, molybdate reagent into a micro
Kjeldhal flask. Further digestion took place until the
solution was clear or coluorless, the reading at this
point was used to determine the phytic acid
concentration of the sample. The content of
metabolisable energy (ME) in each diet was estimated
using the equation of Pauzenga [25]. ME (Kcal/kg
DM) = 37 x %CP + 81.8 x % EE + 35 x % NFE.

Experimental diets

The experimental diets were formulated to consist of
maize offal, rice offal, cotton seed cake, cowpea shell,
bone meal, salt and the differently processed and raw
seeds of H. sabdariffa. The diets are control diet with
no H. sabdariffa seeds (NOHS), raw H. sabdariffa
seeds (RHSS) included at 15% dietary inclusion, water
soaked H. sabdariffa seeds (WSHS) included at 25%
dietary inclusion, sprouted H. sabdariffa seeds (SPHS)
included at 25% dietary inclusion, ground H.
sabdariffa seeds (GRHS) included at 25% dietary
inclusion.

Experimental animals, design and management

The experimental animals were purchased from an
open market in Lamba, Sabon Gari Local Government,
Kaduna state, Nigeria. Five growing Yankasa ram
lambs of 10 — 14 months old weighing 17 — 24kg were
used for the study. At their arrival, the experimental
animals were housed in a pen and were treated against
endo and ecto-parasites using Amitix, oxytetracyclin
and Albendazole® according to the manufacturer’s
recommendation. The rams were given experimental
diets for a fourteen-day adjustment period before the
commencement of the experiment. At the
commencement of each phase of the growth trial, the
animal’s body weights were taken using a foldable
hangable weighing scale (BO3E). The animals were
housed in the experimental pens in a 5 by 5 Latin
square arrangement. The animals were fed 3% of their
body weight at 7:00am in a single dose daily. The five
dietary treatments were rotated to the five animals as
designed in the experiment, constituting five replicates
per treatment group. Left over of the feeds from the
previous day were recorded and subtracted from the
total feed offered to each animal to obtain the total feed
intake used in calculating growth and digestibility
indices. Faecal weight was also recorded on daily bases

for the period of the experiment, subsampled and later
bulked for analysis. Faecal samples were collected
using metabolic faecal bags. The digestibility
coefficient (d) of nutrients was calculated as follows: d
= Nutrient intake (g/d) — Faecal nutrient excretion
(g/d)/ Nutrient intake (g/d) [14]. A 3 L of clean
drinking water was also provided on daily basis in a 5
L plastic container for each animal. The final weight
gain of the animals was also taken using a foldable
hangable weighing scale (BO3E) at the end of each
phase (14 days) of the trial and their rations were
adjusted according to the new live weight changes for
the subsequent phases.

Blood sampling for hematological and serum
biochemistry analyses

5mls of blood samples was taken from jugular vein
using hypodermic needle by 8:00 am at every end of 14
days collection period into two types of test tubes:
plain test tubes for determination of serum biochemical
parameters and EDTA test tubes for determination of
heamatological parameters. The samples were taken to
the haematology laboratory at the Faculty of Veterinary
Medicine, Ahmadu Bello University, Zaria Nigeria,
with immediate effect for preservation and further
analysis. All the haematological parameters obtained in
this study were determined using the haematocrit auto
analyzer (MSLXCO03). The biochemical parameters in
this study were analysed using 23AUV-
Spectrophotometer.

Statistical analysis

All data collected were subjected to one-way analyses
of variance (ANOVA) using general linear models
(GLM) procedure of SAS version 9.13 [26]. Yiju=p +
Ti + Ri + Cj + ejj; wWhere Yijjy is the observation of it"
row and j™ column receiving the k" treatment, p is the
overall mean, T; is the effect of the i treatment, R is
the effect of i"" row, C is the effect of the j™ column and
eijt IS the residual error. The effect of treatment was
tested and significant difference between treatment
means was compared using Duncan multiple range test
[34].

RESULTS AND DISCUSSION

Chemical composition of raw and processed H.
sabdariffa seeds

The result of Table 1 shows the chemical composition
of raw and processed H. sabdariffa seeds. The dry
matter content in processed H. sabdariffa seeds differ
numerically but within the range of 99.24 — 99.99%.
The crude protein content obtained in this study is
within a range of 19.38-21.5%, crude fibres range from
29.05 — 35.13%. The ether extract is within the range
of 9.57 - 11.15% while ash and nitrogen free extract
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were at the ranges of 3.59 — 4.42% and 27.73 - 34.87%,
respectively. The crude fibre and ether extract were
lower for SPHS while the ash content was lower for
water soaked compared to the GRHS. On a contrary,
there was an increase in the nitrogen free extract in the
WSHS and SPHS compared to the ground seeds. The
saponin, phytate and tannin contents of raw and
processed H. sabdariffa seeds range from 1.82% -
2.93%, 0.16% - 0.19%, and 2.45% - 3.20%,
respectively with the WSHS having the least value.

The crude protein value of 19.38 — 21.50% in
this study was slightly lower than the value of 23.79%
reported by Abdu et al. [15], 21.79% - 23.20%
obtained by Ari et al. [27], 25.18% obtained by
Ibrahim et al. [14]. These variations may be due to the
varietal differences, soil and agronomic practices. The
ether extract obtained in this study (9.57 - 11.15%)
falls within the range (6 — 19%) reported by Abdu et al.
[15], but higher than the range 4.1 — 4.6% reported by

Ibrahim et al. [14]. The phytochemical analysis of H.
sabdariffa seeds revealed that both water soaking and
sprouting method of processing reduced saponin,
tannin, and phytate content compared to ground seeds.
Leaching out effects and changes in chemical activity
could be responsible for tannin reduction in WSHS as
reported by Ibrahim et al. [2]. The reduction in tannins
accompanied by decrease in crude fibre and ash of both
WSHS and SPHS in this study agrees with the report of
Abu El Gasim et al. [28] who reported that the
reduction of phenols like tannins by soaking, cooking
or sprouting were accompanied by changes in
nutritional profile of processed seeds. Yagoub and
Abdalla [18] revealed in their study that processing
methods such as soaking, cooking or sprouting
significantly improved the nutritional and functional
properties of plant seeds which was in tandem with
other works on H. sabdariffa seeds [15,14, 16].

Table 1: Chemical composition of raw and processed H. sabdariffa seeds

Parameters (%) WSHS SPHS GRHS
Dry matter 99.24 99.99 99.56
Crude protein 19.38 21.50 20.13
Crude fibre 32.20 29.05 35.13
Ether extract 11.01 9.57 11.15
Ash 3.59 4.00 5.42
Nitrogen free extract 33.06 34.87 27.73
Saponin 1.82 2.68 2.93
Phytate 0.16 0.16 0.19
Tannin 2.45 2.60 3.20

WSHS: Water soaked hibiscus seeds, SPHS: Sprout hibiscus seeds, GRHS: Ground hibiscus seeds

Percentage ingredient and proximate compositions
of experimental diets

Table 2 shows the percent ingredient and proximate
compositions of experimental diets. Cowpea shell, rice
offal, bone meal, and common salt constitute the fixed
ingredients and the cotton seed cake and maize offal

were varied in the dietary formulations to ensure iso-
nitrogenous and iso-caloric diets. From the proximate
compositions, the crude protein content ranged from
14.18% in GRHS meal diet to 16.02% in SPHS. On a
contrary, the nitrogen free extract values ranged from
58.54% in SPHS diets to 61.52% in GRHS meal diet.

Table 2: Percentage ingredient and proximate compositions of experimental diets

Ingredients (%) NHS 15%RHS 25%GRHS  25%WSHS 25%SPHS
H. sabdariffa seeds 0.00 15.00 25.00 25.00 25.00
Cotton seed cake 29.00 20.00 13.00 14.00 12.00
Cowpea shell 17.00 17.00 17.00 17.00 17.00
Maize offal 36.00 30.00 27.00 26.00 28.00
Rice offal 15.00 15.00 15.00 15.00 15.00
Bone meal 2.00 2.00 2.00 2.00 2.00
Common salt 1.00 1.00 1.00 1.00 1.00
Total 100.00 100.00 100.00 100.00 100.00
Proximate composition (%)

Dry matter 86.42 87.36 88.32 88.30 88.34
Crude protein 15.65 15.04 14.18 14.59 16.02
Crude fibre 17.51 17.09 15.96 16.06 16.41
Ether extract 1.01 1.20 0.98 0.87 1.06
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Ash 6.17 6.52 7.36 5.97 7.97
NFE 60.27 60.15 61.52 62.51 58.54
ME (kcal/kg DM) 2771 2759 2758 2798 2725

NHS: Control, RHS: Raw hibiscus seeds, GRHS: Ground hibiscus seeds, WSHS: Water soaked hibiscus seeds,
SPHS: Sprout hibiscus seeds, ME: Metabolizable energy.

Growth performance and feed intake of Yankasa
ram lambs fed dietary inclusions of raw and
processed H. sabdariffa seeds in maize offal-based
diet
Table 3 shows the growth performance of Yankasa ram
lambs fed inclusions of raw and processed H.
sabdariffa seeds in maize offal-based diet. There were
significant differences (P<0.05) in total weight gain,
average daily weight gain, feed conversion ratio (FCR)
and feed cost in N/kg gain. The diets containing 25%
SPHS had lower (P<0.05) weight gain but higher feed
conversion ratio (FCR) and feed cost per weight gain
than the control (NHS) diet, 25% WSHS, 25% GRHS,
and 15% RHSS dietary inclusions of H. sabdariffa
seeds. However, there was no significant difference
(P>0.05) in feed intake among the dietary treatments.
The dietary inclusions of 25% WSHS, 25%
GRHS, and 15% RHSS compete favourably with the
NHS diet for weight gain of Yankasa ram lambs at
reduced feed costs per kg gains, while the diet
containing SPHS decreased the weight of Yankasa ram
lambs with poor FCR and at higher feed cost per kg
gain. The poor weight gain and feed utilization
observed in the dietary inclusion of SPHS may not be
unconnected with the poor digestibility coefficient
(Table 4) associated with the SPHS dietary treatment.
The non-difference in the feed intake noticed in this

study shows that the processing methods adopted for
H. sabdariffa seed meals probably had no influence on
the palatability of the diets. The lamb fed diet
containing WSHS had the least FCR which could be
responsible for better feed cost N/Kg gain of the diet.
This implies that diets WSHS was more economical for
production purposes. The diet containing SPHS is
uneconomical due to poor FCR (10.57) and this may be
attributed to the poor quality of the feed in which the
animal had to consume more to gain live body weight
similar to other treatments. The economic justification
of diet containing WSHS could probably be attributed
to increased nutritional values and better utilization as
a result of decrease in antinutrients of the WSHS,
especially with the lower saponin content of the
processed seeds (Table 1). Although, Ibrahim et al.
[14] reported improved weight gain, FCR and nutrients
utilization for Red Sokoto bucks fed up to 20% dietary
inclusion levels of WSHS, the present study recorded
similar successes with higher inclusion level. The
performance of the diet containing GRHS which was
comparable to the diet containing WSHS could be
attributed to increase in surface area for enzymatic
reaction which enhanced feed utilization and carcass
characteristics as earlier reported by Elamin et al. [20]
and Ari et al. [27].

Table 3: Growth performance and feed intake of Yankasa ram lambs fed inclusions of raw and processed H.

sabdariffa seeds in maize offal-based diet

Dietary treatments of raw and processed HS (%)

Parameters NHS 15%RHSS 25%GRHS 25%WSHS 25%SPHS SEM P value
Initial weight (kg) 21.40 21.34 21.80 22.04 22.04 1.63 0.96
Final weight (kg) 22.54 22.68 23.18 23.54 22.72 1.71 0.09
Total weight gain 1.14° 1.342 1.402 1.482 0.78° 0.21 0.02
(ko)

ADWG (g/day) 81.002 95.602 101.202 105.402 48.20° 16.00 0.04
Tot feed intake (kg) 8.60 8.60 8.64 8.91 8.28 0.89 0.99
ADFI (kg/head/day)  0.61 0.61 0.61 0.63 0.59 0.063 0.94
FCR 8.01b 7.14b 6.50P 6.38P 10.572 1.19 0.03
Feed cost (N/Kg 700.10° 547.20° 495.80P 484.20P 953.912 108.82 0.02
gain)

ab = Means with different superscript shows significant difference (P<0.05), SEM = Standard Error Mean, NHS:
Control, RHS: Raw hibiscus seeds, GRHS: Ground hibiscus seeds, WSHS: Water soaked hibiscus seeds, SPHS:
Sprout hibiscus seeds, ADWG: Average daily weight gain, ADFI: Average daily feed intake. FCR: Feed conversion
ratio

Nutrient digestibility of Yankasa ram lambs fed
inclusions of raw and processed H. sabdariffa seeds
in maize offal-based diet

The nutrient digestibility of Yankasa ram lambs fed
with raw and processed H. sabdariffa seeds in maize
offal-based diet are presented in Table 4. The dietary
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inclusion of 25% WSHS had higher (P<0.05)
digestibility coefficient for dry matter, crude protein,
crude fibre and nitrogen free extract than the NHS diet,
25% SPHS, and 15% RHS, while the dietary treatment
of the SPHS recorded the least values for digestibility
coefficient. There was no difference (P>0.05) in ether
extract digestibility among the lambs fed dietary H.
sabdariffa seed meals. The ash digestibility of the
dietary inclusion of 25% WSHS and 25% GRHS were
higher (P<0.05) than the diet containing 25% H.
sabdariffa sprouts and the control diet, but similar
(P>0.05) to the dietary inclusion of 15% RHSS.

In this study, the better digestibility
coefficient observed in the diet containing WSHS
could be partly attributed to the reduction in
antinutrients like saponin in the WSHS (Table 1). The
improved nutrient digestibility observed in this study is
also in consonant with the previous report of Ibrahim et
al. [14] who fed water soak H. sabdariffa seeds up to
20% dietary inclusion to Red Sokoto bucks. The low
coefficient of digestibility observed in the diet
containing 25% H. sabdariffa sprouts could be
attributed to the poor utilisation of the feed.

Table 4: Nutrient digestibility of Yankasa ram lambs fed inclusions of raw and processed H. sabdariffa seeds in

maize offal-based diet

Dietary treatments of raw and processed HS (%)

Parameters (%) NHS 1506RHS _ 25%GRHS  25%WSHS _ 25%5pHS oM Pvalue
Dry matter 66.64°  66.31° 71.46° 78.77° 59.03° 320 0.0001
Crude protein 77.08°  76.28" 80.16% 84,522 64.43° 243 0.0003
Crude fibre 62.02°  60.38" 63.21° 72.45¢ 51.89° 452 0.0023
Ether extract 78.94°  78.19° 78.42 79.10° 70.23 372 0.0036
Ash 54.80°  62.90% 75.71 78.85¢ 56,93 754  0.0340
Nitrogen free 68.33°  68.28° 72.92 79.30° 51.95¢ 311  0.0001
extract

abc = Means with different superscript shows significant difference (P<0.05), SEM = Standard Error Mean, NHS:
Control, RHS: Raw hibiscus seeds, GRHS: Ground hibiscus seeds, WSHS: Water soaked hibiscus seeds, SPHS:

Sprout hibiscus seeds.

Haematology of Yankasa ram lambs fed inclusions
of raw and processed H. sabdariffa seeds in maize
offal-based diet
Table 5 shows haematology of Yankasa ram lambs fed
dietary inclusions of raw and processed H. sabdariffa
seeds in maize offal-based diet. The dietary inclusion
of 25% WSHS had significantly higher (P<0.05) pack
cell volume (PCV) and lymphocyte than the 25%
SPHS, 25% GRHS, 15% RHS and the control NHS
diet. The dietary inclusion of 25% WSHS and 25%
GRHS were statistically similar for haemoglobin and
significantly higher (P<0.05) than diet containing 25%
SPHS and 15% RHSS, while the control diet recorded
the least significant value for haemoglobin. There was
no significance difference (P>0.05) observed in red
blood cells, monocyte and eosinophil among the
treatment lambs. The white blood cells (RBC) and
neutrophil were significantly lower (P<0.05) for the
control diet compared to the dietary inclusions of both
RHSS and processed H. sabdariifa seeds.

All the haematological parameters obtained in
this study are within the range of the hematological

values for sheep as reported by Research Animal
Resources [29]. The increase in hemoglobin and white
blood cell could be attributed to the haematopoiesis in
H. sabdariffa seeds, an effect which was earlier noted
by Ibrahim et al. [14] who reported increase in PCV,
RBC, Haemoglobin and white blood cells of Red
Sokoto bucks when fed H. sabdariffa seeds diets up to
20% inclusion levels. The haematopoietic effect of H.
sabdariffa may be attributable to the presence of
appreciable amount of iron minerals [14] and also iron
minerals and vitamins [30] in the plant materials. In
this study, Haemoglobin level of the Yankasa ram
lambs fed the control diet containing 29% inclusion of
cotton seed cake fell below the reference value for
sheep, although the lambs were physically healthy.
From literature, feeding cotton seed products beyond
30% has causes haematological alteration where the
gossypol in cotton seeds possibly bind the iron thereby
leading to aneamia in ruminants [35] while 10%
dietary inclusion of cotton seed cake affected the
reproductive performance in rabbits [36].

Table 5: Haematology of Yankasa ram lambs fed inclusions of raw and processed H. sabdariffa seeds in maize

offal-based diet

Parameters NHS

15%RHS  25%GRHS 25%WSHS 25%SPHS SEM Pvalue RV

Pack cell vol. (%) 31.40°  30.20° 31.60°

34.402

31.60° 132 0.023 24 - 45
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Haemoglobin 592¢ 7.2 8.742 8.742 7.26 055 0008 8-16
(9/dL)

Red blood cell 616  6.35 6.16 6.83 6.06 042 0710 6-15
(108/uL)

WBC (x10%1) 506"  0.34° 7.540 8.06 7.842 096 0003 4-12
Neutrophil (%)  52.60° 67.80°  67.80% 66.0° 60.6° 339 0001 30-70
Lymphocyte (%)  45.60%  48.40%  50.80° 62.40° 41.40° 409 0001 40-70
Monocyte (%) 040  0.80 0.60 0.70 0.60 031 0311 0-6
Eosinophil (%)  1.00 1.00 1.40 1.60 1.00 038 0697 0-10

abc = Means with different superscript shows significant difference (P<0.05), SEM = Standard Error Mean, NHS:
Control, RHS: Raw hibiscus seeds, GRHS: Ground hibiscus seeds, WSHS: Water soaked hibiscus seeds, SPHS:
Sprout hibiscus seeds, WBC: White Blood Cells. RV: Reference values.

Serum biochemistry of Yankasa ram lambs fed
inclusions of raw and processed H. sabdariffa seeds
in maize offal-based diet

Table 6 shows the Serum biochemistry of Yankasa
ram lambs fed inclusions of raw and processed H.
sabdariffa seeds in maize offal-based diet. The total
protein of the diet containing 25% WSHS was higher
(P<0.05) than the control diet but statistically similar
(P>0.05) to the diet containing 15% RHS, 25% SPHS,
and 25% GRHS. The albumin in the diet containing
25% SPHS was significantly higher (P<0.05) than the
control diet and the diet containing 15% raw H.
sabdariffa seeds but similar (P>0.05) to the diet
containing 25% GRHS and 25% WSHS. The globulin
and cholesterol contents for dietary inclusion of 25%
WSHS were higher (P<0.05) than the diet containing
15% RHS and the control diet but similar (P>0.05) to
the diet containing 25% GRHS and 25% SPHS. The
blood urea in the diet containing 25% GRHS was
significantly higher (P<0.05) than the control diet and
the diet containing 25% SPHS but similar (P>0.05) to
the diet containing 25% WSHS and 15% RHS.

The dietary inclusion of H. sabdariffa seeds in
this study is indicative that the seeds have the potential
to increase the serum biochemical indices of animals,
in addition to their haematopoietic effect. The higher

albumin content in the blood of the lambs fed diet
containing sprout, water soak and ground H. sabdariffa
seeds could be attributed to the response of the animal
to the antioxidative potency of H. sabdariffa as
reported by Olushola et al. [31] who found the
antioxidative potency of H. sabdariffa calyx in rabbit
resulted to gradual increase in the concentration of
albumin and globulin. The range values for total
protein, albumin, globulin, cholesterol and blood urea
obtained in this study were similar to the ones reported
by Garba and Abubakar [32] and within the normal
serum biochemistry values of rams reported by Al-
Hadithy and Badawi [33] on Awassi sheep. It was also
noted that total protein and globulin levels of all the
Yankasa ram lambs examined in this study fell below
the reference values for sheep while the cholesterol
exceeded the reference values. The alterations in these
biochemical indices could partly be attributed to the
diets. Prolong feeding with cotton seed products has
been reported to impose toxicity on ruminants and
causing alteration in blood parameters [35] while in
another report, dietary inclusion of cotton seed meals
below 20% increased serum biochemical indices,
improve growth and reproductive performance in
ruminants especially cotton seed meals of higher
protein [37].

Table 6: Serum biochemistry of Yankasa ram lambs fed inclusions of raw and processed H. sabdariffa

seeds in maize offal-based diet

Parameters Dietary treatments of raw and processed HS (%) SEM P RV
NHS 15%RHS 25%GRHS 25%WSHS 25%SPHS value

Total protein (g/dL)  5.24>  5.42® 5.60% 5.842 5.53%® 0.15 0.04 6-8

Albumin (g/dL) 2.66>  2.68° 2.80%® 2.80% 2.922 0.08 0.03 2.4-3

Globulin (g/dL) 2.65°  2.64° 2.81% 2.91° 2.83%® 0.08 0.03 3.5-5.7

Cholesterol (mg/dL)  79.55°> 81.53" 85.94% 90.972 86.78% 341 0.01 52-79

Blood urea (mg/dL) 575  5.99% 6.21° 5.95% 5.76" 0.19 0.04 3.4-12

abc = Means with different superscript shows significant difference (P<0.05), SEM = Standard Error Mean, NHS:
Control, RHS: Raw hibiscus seeds, GRHS: Ground hibiscus seeds, WSHS: Water soaked hibiscus seeds, SPHS:

Sprout hibiscus seeds, RV: Reference values.
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CONCLUSIONS

1. The WSHS and SPHS methods of processing in this
study increased nitrogen free extracts but reduced
the ash, saponin, phytate, and tannin contents of H.
sabdariffa seeds compared to the GRHS.

2. The dietary inclusions of 15% RHS, 25% GRHS,
and 25% WSHS had similar growth performance,
feed utilization but at cheaper feed cost per kg gain
when compared to the control diet in Yankasa ram
lambs, with dietary inclusion of 25% WSHS being
most cost effective in terms feed cost in N/Kg gain.
On a contrary, dietary inclusion of 25% SPHS
decreased growth performance, feed utilization and
increased the feed cost per kg gain of the Yankasa
ram lambs fed maize offal-based diet compared to
the control diet.

3. The Yankasa ram lambs on dietary inclusions of
25% WSHS had higher dry matter, crude fibre, and
nitrogen free extract digestibility than the 15%
RHS, 25% GRHS, and the control diet while the
inclusion of 25% SPHS had the poorest coefficient
of digestibility among the treatment lambs.

4. Although, most of the blood indices were within the
range of the reference values, the Although, most of
the blood indices were within the range of the
reference values, the inclusions of 25% WSHS in
the diet of Yankasa ram lambs fed maize offal
based diet increased PCV, total protein, globulin
and cholesterol when compared to the control diet.

RECOMMENDATIONS

1. The water soak method of processing H. sabdariffa
seeds could be recommended as better alternative
method of processing for improved nutritional
quality, lower processing cost and ease of practice
by the farmer.

2. For better performance of Yankasa ram lambs,
dietary inclusion of 25% WSHS in maize offal-
based diet is therefore recommended for improved
digestibility, feed utilization, and lower feed cost
per kg gain.

3. Further studies should be carried out on higher
inclusion levels of WSHS, so as to determine its
optimum inclusion level for small ruminants and
also to evaluate its haematopoietic effect.
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