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Abstract

The concentration of phenolics and fibres in the orange pomace suggests that it could serve as an ingredient in novel food.
Increase in consumers demand for functional foods with natural origin like pomace is also on the increase. However, the
possible toxicological effect has to be investigated. Orange pomace, wheat bran, and soyameal of different ratios were
subjected to extrusion (5Kg per cycle) at fixed cooking temperature (110°C) and screw speed (290 rpm). The extrudates were
tested on forty male Wistar rats for toxicity for 28 days. Data were analyzed using ANOVA at 00.05. Tested diets on Wistar rats
resulted in lower weight gain which was at variance with the control diet. White blood cells (5283 — 6400 (x 10°), creatine
(0.63 — 0.70 mg/dL) and glucose (135.3 — 139.7 mg/dL) showed no significant difference between rats fed control and tested
diets. Necrosis was not found in the kidney and liver of the rats fed with control and tested diets. The absence of toxic effects
on the rat suggested that the food could be consumed for its health-promoting benefit in addition to eliminating environmental
pollution by orange pomace. Extrusion of these raw materials yielded products which could contribute significant portion of
fibre to human diet without adverse effect especially those that want to control their weight.
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1. Introduction

Orange pomace is the waste that remains after processing fibre has superior quality than others because of the occur-
oranges to juice, wine or other products. The wastes from  rence of minerals, sugars, including bioactive substances like
this processing, including peel, seeds and pulp, which make  polyphenols, flavonoids and carotenes [2].
up nearly 50% of unprocessed fruit, are a possible source of The phenolic compounds of citrus pomace could undergo
valuable byproducts [1]. Orange pulp is rich in fibre. The enzymatic oxidation at various stages of processing. Dehy-
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dration under suitable conditions enables reduction in water
present and water activity in the products. The prevention of
oxidative enzymatic reaction and the development of micro-
organisms prolong the storability of the products [3].

Several manufacturing plants produce the majority of food
remains and many of which are thrown away or utilized at a low
industrial and economic level [4]. Indeed, Food industry waste
is a promising source of useful substances like dietary fibre,
antioxidants, antimicrobial agents, essential fatty acids, and
minerals that could be used due to the inherent favourable nutri-
tional, technical and purposeful properties. These food by-
products include orange pomace, wheat bran and soyameal and
have been identified as excellent origin of dietary fibre [2, 5].

Wheat bran has a dense dietary fibre source with several
health gains include decrease in danger of cardiovascular
disease and type 2 diabetes, maintaining the normal glucose
and cholesterol level [5]. Solta Civelek S noted that inclusion
of wheat bran in an amount of 5 to 25% by weight of flour in
the formulation of pasta extruded with a single screw extru-
sion plate improved the sensory sensitivity. [6]

Soyameal is associated with some useful outcome on hu-
man welfare such, averting obesity, providing nutrition, re-
ducing blood cholesterol and also plays an important part in
the disease prevention [7].

Previous work has involved the use of pomace in the man-
ufacture of several intermediates which include the produc-
tion of compounds and solvents in flavours and colognes, as
components in paints, cosmetics and animal supplements. [8]
reported that incorporation of orange pomace up to 10% in
cookies preparation increased nutritional value, especially in
fibre, physical quality and general acceptance of biscuits.
Our previous study [9] that developed and evaluated the ex-
truded food from orange pomace, soyameal and wheat bran
came up with the with the 3 best formulations adjudged in
sensory out of 13 formulations used in the study, hence this
further study to evaluate the possible toxicity of the food to
ascertain the safety of the developed food.

2. Materials and Methods

2.1. Sample Preparation

Orange pomace was obtained after juice production from
sweet oranges (Agege variety) at the juice processing pilot
plant of the National Horticultural Research Institute, Jeri-
cho, Ibadan, Oyo State. The pomace was dried at 60 + 2°C,
ground with a laboratory mill (500 um) and kept in an air-
tight 250 micron polyethylene until use. Soyameal and
Wheat bran was purchased from an Agro processing suppli-
er, Oluyole Estate, Ring Road, Ibadan, individually ground
to 500 um and packed for further use.

2.1.1. Extrusion Cooking

Extrusion cooking was performed according to the modi-

27

fied [10] method. Mixtures of wheat bran, soybean meal and
orange pomace with different mixing ratios (Table 1). These
were the adjudged best in our previous study [9].

Table 1. Percentage Formulations of orange pomace, soyameal and
wheat bran extruded.

Sample Orange pomace  Soyameal Wheat bran
P2 17 44 39
P3 5 80 15
P4 10 80 10

2.1.2. Animal Requirements

Ethical consent to animals was obtained from ACUREC
(UI-ACUREC/App/2016/027), University of Ibadan before
study. Wistar albino rat (Rattus norvegicus) of approximate
weight of 70- 80 g was used. The animals were obtained
from the Department of Veterinary Pathology, University of
Ibadan. The venue of the experiment was the Department of
Animal Sciences, University of Ibadan. Forty (40) animals
were used for the study.

2.2. Animal Treatment and Organ Examination

After one week of acclimatization, the 40 rats were sepa-
rated into four groups as follows: the first group which was
control received basal diet while the other three with differ-
ent ratio of orange pomace, wheat bran and soyameal (17:
39:44, 5:15:80, 10:10:80)% were fed for 3 weeks. The exper-
imental animals were observed closely for up to 21 days,
thereafter biological and hematological tests were carried
out.

2.2.1. Nutritional Evaluation on Rats Fed with the
Tested Blends

During the experimental period (3 weeks), the consumed
diets were recorded every day, and body weights were rec-
orded every week. Nutritional evaluation of various diets
was performed by determining body weight gain%
(BWG%), feed efficiency ratio (FER), feed conversion ratio
(FCR) according to equations described by [11].

2.2.2. Hematological Analysis

About 2 ml of blood samples was taken with heparinized
capillary tubes to determine the hematocrit value according
to [12]) method. Total red and white blood cells, Hemoglobin
strength, mean corpuscular volume, mean corpuscular hemo-
globin concentration and mean corpuscular hemoglobin con-
centration were estimated by the method reported [13].
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2.2.3. Biochemical Analysis

About 2 ml of blood was collected and allowed to coagu-
late in pure dry centrifuge tubes at 3500 rpm for 15 minutes.
A section of the pure supernatant serum was taken instantly
to determine glucose in accordance to the enzymatic colori-
metric method [14]. The actions of alanine aminotransferase
(ALT) serum aspartate aminotransferase (AST), and serum
alkaline phosphatase (ALP) were estimated [15]. Total cho-
lesterol and total serum lipids were tested following method
of [16]. Serum total protein and albumin levels were evaluat-
ed by the procedure of [17]. Serum globulin was calculated
by [18]. Serum urea and creatinine were determined by the
methods reported by [19].

2.2.4. Histopathological Analysis

At the end of the study, cervical dislocation was used to
sacrifice the rats for histopathological examination to help
identify toxic effects on target organs (liver and kidney) ac-
cording to methods of [20]. A veterinary pathologist read the
result of the Histopathology, biochemical and hematological
analysis.

2.3. Method of Euthanasia/Disposition of
Animals

At the end of the study, animals certified fit were donated
to the Zoological garden of the University of Ibadan.

3. Result and Discussion

3.1. Feed Efficiency/Weight Gain

At the expiration of the experiment, weight gain and food
consumed by the rats fed on the experimental diets were lower
than the control (Figure 1). There were no significant differ-
ences in food intake between control and tested diets, but
weight gain was significantly different. Rat fed with food
blend of 17% pomace, 44% soyameal and 39% wheat bran
had the highest weight gain while those fed with 5 % pomace,
80% soyameal and 15% wheat bran had lowest weight gain.
Lower weight gain from the tested food suggests that the food
could be considered to make a difference in the onset and pro-
gression of morbidity and obesity. This is in line with findings
of [21] that fibre is able to reduce body weight gain or de-
crease weight gain. This has been attributed to various factors
such as soluble fibre, which produces glucagon-like peptide
(GLP-1) and peptide TY when fermented in the colon. The
two intestinal hormones take part in inducing satiety, decrease
energy intake and also decrease metabolizable energy.

Rat fed with control diet were able to digest the diet better
than the other tested diets which resulted in increased diges-
tion and absorption of nutrients. Soluble dietary fibre in form
of neutral detergent fibre was more in the control diet than
the tested diets leading to more absorbed nutrients and
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weight gain. The same trend was observed in the Feed effi-
ciency ratio and conversion ratio (Figure 2 and 3). The result
was comparable with the findings of [22] of lowered nutri-
tional parameters as a result of high fibre feed fed to rat. The
trend could be due to the distribution of soluble and insoluble
fibre fraction; hemicellulose, cellulose and lignin present in
the tested and control diets.
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Figure 1. Food intake and Body weight gain by rats fed with con-
trol and tested diets.

PO = control, P2 = 17 % pomace 44% soyameal 39 % wheat bran,
P3 =5 % pomace 80% soyameal 15 % wheat bran, P4 = 10 % pom-

ace 80 % soyameal 10 % wheat bran
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Figure 2. Feed efficiency of control and tested diets.

PO = control, P2 = 17 % pomace 44% soyameal 39 % wheat bran,
P3 =5 % pomace 80% soyameal 15 % wheat bran, P4 = 10 % pom-
ace 80 % soyameal 10 % wheat bran

3.2. Hematological Parameters

The result of the hematological parameters shows that
Packed Cell Volume (PCV) count to be from 35.67 to
37.33% (Table 2) and was within clinical range for rat. The
highest PCV was obtained for diet P2 followed by diet P3.
No significant difference was observed between the control
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(P0) and the tested diets. The PCV known as hematocrit (Ht)
or (HCT) or erythrocyte volume fraction (EVF) is the per-
centage (%) of red blood cells in the blood. According to
[23] PCV is involved in the transportation of oxygen and
absorbed nutrients. Increased PCV shows better transport
and therefore increases the primary and secondary polycy-
themia.

A higher PCV value for rats fed with the study diet shows
that diets are suitable for transporting oxygen and nutrients.
The hemoglobin (HGB) value of the albino rat fed the diet
P2 (12.63) was the highest, followed by P3, PO and finally

P4. No significant variation (p >0.05) was observed among
HGB of rat fed with the food. The result suggests that hemo-
globin is sufficient for the albino rats for its physiological
function of transporting oxygen to the animal tissues to oxi-
dize red blood cells (RBC). Rats fed control and experi-
mental feed (PO, P2, P3 and P4) were not significantly dif-
ferent. Diet P2 had the highest mean RBC count (6.00 x
1012) while P4 had the least (5.66 x 1012). These values are
in the laboratory range for rat [24] and suggested no toxic
effect of experimental diet on the rat.

Table 2. Hematological variables of rat fed control and experimental diets.

Diet PCV (%) HGB (g/dl) RBC (x10'%)  WBC (x 10°)
PO 36.33° 12.07° 5.95° 5283°
P2 3733 12.63° 6.00° 5950°
P3  37.00° 12.33° 5.96° 6400°
P4 35.67° 11.97° 5.66° 6100°

PIt Lym Neu Mo Eos

171667* 65.33° 30.33° 1.67% 2.67°
191000° 66.33" 31.00" 1.33* 1.33*
156000° 70.33* 25.33° 2.00° 2.33°
133333 66.67° 30.67° 1.33% 1.33%

Value are mean of three replicates followed by different letters in the same column are significantly different.
PCV — packed cell volume, HGB — Heamoglobin, RBC —red blood cell, WBC — white blood cell, plt — platelet, lym - Lymphocyte, Neu —

Neutrophils, Mo -Monocycte, Eos —Eosinophils.

PO = control,

P2 =17 % pomace 44% soyameal 39 % wheat bran,
P3 =5 % pomace 80% soyameal 15 % wheat bran,
P4 =10 % pomace 80 % soyameal 10 % wheat bran.
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Figure 3. Feed conversion ratio of control and tested diets.

Red blood cells are used for transportation of oxygen and
carbon dioxide in the [23] hence, low red blood cell count
signifies a decrease in the level of oxygen transported to the
tissues and carbon dioxide returned to the lungs [25].

Highest white blood cell (WBC) was recorded for rats fed
with diet P3 (6400 x 10 ? which was not significantly differ-
ent (p > 0.05) from other diets. The main roles of white
blood cells are defending the body by phagocytosis against
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attack by foreign organisms, combating infections, produc-
tion, transportation and distribution of antibodies in the im-
mune response. The result of the study is within the clinical
range suggesting that the albino rats were able to generate
antibodies in the course of phagocytosis with high degree of
resistance to diseases [25]. It will also encourage their com-
pliance to natural ecology and disease dominant conditions
as supported by [26].

Platelet count for rat fed with the diets was between
133333 and 191000, the highest from diet P2 while the low-
est was from diet P4. There was no significant variation ob-
served among the control and the test diets (p > 0.05) The
difference in the level could be as a result of variation in the
type (dose, structure, soluble, insoluble) of dietary fibre in
the diets [22]. Table 3 also corroborates the findings showing
difference in the Dietary fibre fraction. Platelets are involved
in blood clotting, the platelet concentration was within the
clinical range, suggesting that the process of clot formation
(blood clotting) was quick in the event of an injury in the
control diet and on tested diets. Lymphocyte value for the
control and test diets were from 65.33 % to 70.33 %. The
highest from Diet P3 and lowest from diet PO. No significant
variation (p > 0.05) obtained from the diets.

Maximum neutrophils were recorded for the blood sam-
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ples of rats fed P2 (31%), followed by diet P4 (30.67%)
while diet P3 had the least (25.33%). No significant variation
(p > 0.05) was observed among the diets. The result shows

no toxic effect on the blood samples of rat fed the experi-
mental diets.

Table 3. Fibre fraction of control and experimental diets fed to rat.

Diet %NDF %ADF %ADL %HEMI-CELLULOSE % CELLULOSE % LIGNIN
PO 62.19 33.70 15.90 28.49 17.80 15.90

P2 39.67 18.85 2.76 20.82 16.09 2.76

P3 46.28 29.61 5.89 16.67 23.72 5.89

P4 41.63 26.48 3.36 15.15 23.12 3.36

Results are average of three replicates

NDF — Neutral detergent fibre

ADF — Acid detergent fibre

ADL — Acid detergent lignin

PO = control,

P2 =17 % pomace 44% soyameal 39 % wheat bran,
P3 =35 % pomace 80% soyameal 15 % wheat bran,
P4 =10 % pomace 80 % soyameal 10 % wheat bran.

3.3. Biochemical Parameters

The estimates of biochemical indices of liver and kidney
in the study were summarized in Table 4. No significant var-
iation observed (p > 0.05) in AST, ALT, ALP, BUN and cre-
atinine of rat fed with control and tested diets. The low value
of AST for the tested diets indicated proper functioning of
the liver. All serum biochemical parameters were normal
except AST which is slightly lower and are in the control
range for rats. Reference ranges for AST, ALP, ALT, BUN
and creatinine are between 50 and 150, 30 and 130 IU /1, 10
and 40, 12.0 and 25.8 and 0.4 and 2.3 mg / dL, respectively
[11]. These suggest that the tested diets had no toxic effect
on the liver and kidney of the albino rats. Livers and kidneys
are internal organs that have different functions. An im-
portant role of these organs is the disposal of waste products
and toxic substances. The dysfunction of these organs can
lead to biochemical substances entering the bloodstream
[23]. The effect of the diet on serum total protein was highest
for the rat fed with diet P3 (7.83 g/dl) while lowest was
found for diet P4 (Table 5), no significant variation (p >
0.05) was found among the control and tested diets. Albumin
was between 2.60 and 3.10 for the diets, P3 also had the
highest while the lowest was for diet P4. Globulin was high-
est with diets P2 and P3 (4.73), the lowest for P4 with a val-
ue of 4.47. However, Albumin/Globin ratio (A/G) was high-
est (0.67) for the diet PO (control) followed by P3 (0.66) with
the lowest 0.58 for diet P4. No significant variation (p> 0.05)
was observed among the diets.

Triglyceride (TG) ranges from 46.30 — 55.0 mg/dL (Table 6),
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total cholesterol (TC) was from 59.30 to 70.0 mg/dL. Highest
value was observed for diet P4 while PO (control) had the lowest
value. High density lipoprotein (HDL), low density lipoprotein
(LDL) and glucose (Glu) were highest for diet P4, while lowest
value was observed for PO (HDL and LDL) and P3 for glucose.
No significant variation (p > 0.05) was observed among the
values. This indicated that the diet had no toxic effects on the
rats used in this study. It can therefore be concluded that the
formulated food is safe for human consumption.

Table 4. Effect of diet on biochemical parameters of rat fed with
control and tested diets.

Diet AST ALT ALP BUN CRE
(U/L) (U/L) (U/L) (mg/dL) (mg/dL)

PO 44.33" 32.00° 116.0* 16.53" 0.70"

P2 44.33% 30.67° 117.0° 16.70™ 0.70°

P3 42.67" 31.67° 117.3% 17.70° 0.70*

P4 41.67% 30.00° 114.0° 16.70° 0.63*

Averages of three replicates followed by different letters in the same
column are significantly different

AST — Aspartate aminotransferase, ALT — Alanine aminotransfer-
ase, ALP — Alkaline phosphatase, BUN — Blood urea nitrogen, CRE
- Creatinine

PO = control,

P2 =17 % pomace 44% soyameal 39 % wheat bran,

P3 =5 % pomace 80% soyameal 15 % wheat bran,

P4 =10 % pomace 80 % soyameal 10 % wheat bran
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Table 5. Effect of diet on the serum total protein, albumin, globulin
and AG ratio on rat fed with control and tested diet.

T.PROT ALBUL

Diet GLOB AG.r
(g/dD) (g/dh

PO 7.50° 3.03° 4.53" 0.67"

P2 7.60" 2.87° 4.73° 0.61°

P3 7.83° 3.10° 4.73* 0.66"

P4 7.07* 2.60° 4.47° 0.58"

Diet TRIG CHOL HDL LDL GLU
(mg/dL) (mg/dL) (mg/dL) (mg/dL) (mg/dL)
P2 47.0a 64.7a 31.3a 23.9a 135.7a
P3 46.3a 67.7a 35.0a 23.4a 133.3a
P4 55.0a 70.0a 35.0a 24.0a 139.7a

Averages of three replicates followed by different letters in the same
column are significantly

T.PROT - Total protein, ALBUL — Albumin, GLOB — Globulin,
AG.r — Albumin globulin ratio

PO = control, P2 = 17 % pomace 44% soyameal 39 % wheat bran,
P3 =5 % pomace 80% soyameal 15 % wheat bran, P4 = 10 % pom-
ace 80 % soyameal 10 % wheat bran

Table 6. Effect of diet on serum lipids and glucose of rat fed with
control and tested diets.

pie¢ TRIG ~ CHOL  HDL LDL GLU
(mg/dL) (mg/dL) (mg/dL) (mg/dL) (mg/dL)
PO 46.7a 59.3a 30.0a 20.0a 137.0a

C = Diet P3 (400x)

Averages of three replicates followed by different letters in the same
column are significantly

TRIG = Triglyceride, CHOL — Total cholesterol, HDL — High den-
sity lipoprotein, LDL — Low density lipoprotein, GLU - Glucose

PO = control,

P2 =17 % pomace 44% soyameal 39 % wheat bran,

P3 =5 % pomace 80% soyameal 15 % wheat bran,

P4 =10 % pomace 80 % soyameal 10 % wheat bran

3.4. Histopathology

On sections of liver tissue in the treated groups there were
no visible injuries that could be caused by feed toxicity.
(Figure 4). Sections of the kidney of the rat fed on the tested
diets show no toxicity effect (Figure 5) on the control and the
tested diets. The liver and kidney status of the rats fed on
control and tested diets did not differ significantly, which
shows no toxicity due to the feed.

B = Diet P2 (400x)

D = Diet P4 (400x)

Figure 4. Photomicrographs of liver sections of rats fed with the control and tested diets.

PO = control, P2 = 17 % pomace 44% soyameal 39 % wheat bran, P3 = 5 % pomace 80% soyameal 15 % wheat bran, P4 = 10 % pomace

80 % soyameal 10 % wheat bran
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C = Diet P3 (x400)

D = Diet P4 (x400)

Figure 5. Photomicrograph of kidney sections of the rat fed with the control and tested diets.

P1 = control, P2 = 17 % pomace 44% soyameal 39 % wheat bran, P3 =5 % pomace 80% soyameal 15 % wheat bran, P4 = 10 % pomace

80 % soyameal 10 % wheat bran

4. Conclusion

White blood cells, ceratine and glucose showed no signifi-
cant difference between rats fed control and tested diets. Ne-
crosis was not found in the kidney and liver of the rats fed
with control and tested diets. The absence of toxic effect on
the rat suggested that the food could be consumed for its
health promoting benefit in addition to eliminating environ-
mental pollution by orange pomace. Extrusion of these raw
materials yielded products which could contribute significant
portion of fibre to human diet without adverse effect espe-
cially those that want to control their weight. The study re-
vealed the possibility of adoption of the ingredients in the
production of novel food for food security.

Abbreviations

FER Feed Efficiency Ratio
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FCR Feed Conversion Ratio
BWG Body Weight Gain

ALT Alanine Aminotransferase
AST Serum Aspartate Aminotransferase
ALP Serum Alkaline Phosphatase
PCV Packed Cell Volume

EVF Erythrocyte Volume Fraction
HGB Hemoglobin

RBC Red Blood Cell

WBC White Blood Cell

TG Triglycerides

TC Total Cholesterol

HDL High Density Lipoprotein
LDL Low Density Lipoprotein
BUN Blood Urea Nitrogen

CRE Creatinine
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