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ABSTRACT

The purpose of this study was to determine the effect of processing on the nutritional values and Glycemic values of Livingstone Potatoes and Irish
potatoes cultivated in Plateau State using albino rats as animal model. Eighteen (18) Wistar Albino rats weighing 150g were randomly selected into 3
groups of six (6) animals each. Group A was a control group fed with glucose (50 g) dissolved in water while group B and C were fed with boiled
samples and the composite samples respectively. The proximate analysis result as presented in table 1 shows that the moisture content of unprocessed
White Irish potato (88.30+0.305) is significantly higher (p<0.05) than the boiled (80.19+0.347) and the composite flour (80.19+0.347). On the protein
content, the unprocessed (6.06+0.120) is significantly higher than the boiled (5.63+0.178) and the composite flour (4.22+0.060). Unprocessed white Irish
potato have higher fat content significantly (p<0.05) with the value (8.23+0.085) than the boiled (7.07+£0.065) and the composite flour (6.03+0.092). On
the crude fiber, the unprocessed (3.71+0.060) is also higher significantly (p<0.05) than the boiled (2.33+0.145) and the composite flour (2.05+0.034).
The ash content of unprocessed White Irish potato (4.85+0.069) is significantly higher (p<0.05) than the boiled (3.29+0.054) and the composite flour
(3.40+0.008). On the total carbohydrates, the unprocessed White Irish potato (61.93+0.091) is significantly higher (p<0.05) than the boiled (60.13+0.560)
and the composite flour (59.80+0.305). The proximate analysis result as presented in table 2 shows that the moisture content of unprocessed
Livingstone potato (87.46+0.272) is significantly higher (p<0.05) than the boiled (78.49+0.173) and the composite flour (77.50+£0.225). On the protein
content, the unprocessed (7.10+0.057) is significantly higher (p<0.05) than the boiled (6.38+0.122) and the composite flour (4.30+0.159). The fat content
of unprocessed (9.23+0.128) is significantly higher (p<0.05) than the boiled (6.15+0.086) and the composite flour (6.12+0.066). The crude fiber content
of unprocessed (2.69+0.065) is significantly higher (p<0.05) than the boiled (2.23+0.105) and the composite flour (1.92+0.041). On the ash content, the
unprocessed (4.32+0.078) is significantly higher (p<0.05) than the boiled (4.06+0.033) and the composite flour (3.26+0.034). The total carbohydrates of
unprocessed (59.14+0.443) is significantly higher (p<0.05) than the boiled (51.17+0.063) and the composite flour (48.64+0.236).The glycemic index
analysis results as presented in table 3 shows that glycated HB decrease significantly (p<0.05) in composite flour (2.16+0.008%) and boiled group
(2.23+0.014%) compared to the control group (2.66+0.008). The creatinine decrease significantly (p<0.05) in composite flour (19.12+0.008%) and boiled
group (18.46+0.145% compared to the control group (23.91+0.049). The urea level also decrease significantly (p<0.05) in composite flour (7.13+0.014?)
and boiled group (9.08+0.044%) compared to the control group (9.24+0.024). The total cholesterols decrease significantly (p<0.05) in composite flour
(15.42+0.288%) and boiled group (19.25+0.032%) compared to the control group (27.71+0.153). The HDL also decrease significantly (p<0.05) in
composite flour (0.77+0.005%) and boiled group (0.84+0.083%) compared to the control group (1.14+0.008). The triglycerides level decrease significantly
(p<0.05) in composite flour (0.57+0.012%) and boiled group (0.51+0.005%) compared to the control group (0.93+0.020). The LDL also decrease
significantly (p<0.05) in composite flour (0.92+0.012%) and boiled group (1.03+0.040%) compared to the control group (1.24+0.020). Also c-PEPTIDE
decrease significantly (p<0.05) in composite flour (2.16+0.008%) and boiled group (2.23+0.014%) compared to the control group (2.66+0.008). The c-
PEPTIDE decrease significantly (p<0.05) in composite flour (0.82+0.011%) and boiled group (0.87+0.008%) compared to the control group
(1.14+0.023).Therefore, the results generated from this study showed that white Irish potato and Livingstone potato and their composite flour are good
sources of carbohydrates with high nutritional quality which includes minimizing the risk of post prandial blood glucose spike, thereby reducing diabetic
and cardiovascular indices and reduction in serum lipids. In addition, the results also indicates that method of food preparation have significant impacts
on the glycemic indices of the Nigeria root tubers.
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INTRODUCTION

Tubers are second only in importance to cereals as global sources of carbohydrates. They provide a substantial part of
the world’s food supply and are also an important source of animal feed and processed products for human consumption and
industrial use. Nutritionally, tubers have a great potential to provide economical sources of dietary energy, in the form of
carbohydrates. The energy from tubers is about one-third of that of an equivalent weight of rice or wheat due to high moisture
content of tubers. Processing in a number of ways such as boiling, cooking heating and processed as flour useful for several
purposes. Carbohydrates have been classified as ‘simple” and ‘complex” based on their degree of polymerization. However their
effects on health may be better described on the basis of their physiological effects (i.e ability to raise blood glucose), which
depend; both on the type of constituent sugars (e.g glucose, fructose, galactose) and the physical form of the carbohydrate (e.g
particle size, degree of hydration). This classification is referred to as the glycemic value (GV). The glycemic value (GV) is a
quantitative assessment of foods based on post prandial blood glucose response (Jenkins et al., 2013).

Different carbohydrate foods consumed produce different glycemic responses depending on the nature of the food,
type and extent of food processing. The principle is that the slower the rate of carbohydrate absorption the lower the rise of
blood glucose and the lower the glycemic value (GV) index. Evidences shows that several health benefits exist for reducing the
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rate of carbohydrate absorption by means of a low - glycemic value (GV) diet, which include; reduced insulin demand,
improved blood glucose control and reduced blood lipid levels, all factors that may play important roles in the prevention or
management of several chronic diseases including Diabetes, Coronary Heart Disease (CHD), Obesity, Cardiovascular Disease
(CVD) and possibly certain cancers. Root tubers (e.g White Irish Potato, Livingstone potato, yam, cocoyam etc) form significant
part of a typical Nigerian staple diet and some of the major energy contributors. Hence it is important to establish their glycemic
index values and such information be made available in Plateau State.

Livingstone potato (Plectranthus esculenthus) which is known by its local name in Nigeria as rizga, is one of the widely
cultivated minor root crops in the middle belt regions especially Kaduna and Plateau States of Nigeria for its finger like tubers
(Schippers, 2002). In terms of protein content, when compared with yam, cocoyam, and sweet potato, it ranks highest
(Schippers, 2002). Despite its nutritive potential, it is classified amongst the lesser known and underexploited species of root
crops in Africa (Schippers, 2002). Livingstone potato is used in ethnopharmacology in Africa in the treatment of digestive
problems, stomach ache, pains, and cancer (Lukhoba et al; 2006). In the Northern parts of Nigeria, it is eaten mostly as snacks,
porridge, fried, or cooked in stews while in some other parts of Africa, it is used as a food additive (Lukhoba et al; 2006).

White Irish Potato (Solanum tuberosum L) belongs to crops raised through tubers. White Irish Potato is high in
carbohydrates and can produce more edible energy per hectare per day than wheat and rice (Abu et al., 2000). It is one of the
sources of energy, vitamins and minerals in the tropics. As with all crops, the nutrient composition of roots and tubers vary
from place to place depending on climate, soil, crop variety, maturity stage and storage practices (Jeong et al., 2000). However,
the locals used to make chips with it by frying it to eat to promote their well-being but they do not know that composite flour
can be made from this potato that can contribute in lowering the glycemic index when consume.

MATERIALS AND METHODS

Test Animals: Wistar Albino rats weighing 150g were bought from National Veterinary Research Institute (NVRI), VOM and
transported to the animal house, department of biochemistry, faculty of basic medical sciences, University of Jos were they were
allowed to acclimatize for one week before being used for further analysis.

Test Samples: Freshly harvested matured tubers (Livingstone potato and Irish potato) were bought from Bukuru market, Jos
south Local Government of Plateau state, Nigeria and transported to the animal house, Department of biochemistry, faculty of
basic medical sciences, University of Jos for further analysis.
Processing of sample: The test Samples used for the study were thoroughly washed then processed by boiling and solar dried
to make composite flour. Samples processed by boiling were, peeled and cut into 25mm slices. They were then cooked in water
(gentle boiling) with the lid on the cooking vessel for 30 minutes, while samples processed by composite flour were dried using
solar and ground into flour. The composite flour was reconstituted by boiling in water and cooked with continuous stirring with
a wooden spoon over a low flame until a smooth consistency was formed. The boiled samples and the composite flour samples
were then package in an air tight container and taken to biochemistry department of National Veterinary Research Institute
(N'VRI), VOM for nutritional analysis.

Two storage bowls with covers were labeled group A and B accordingly and the samples poured in them before
keeping in the refrigerator. Samples were warmed each morning in the microwaves (Fisher scientific, UK) oven before feeding
the rats. Feeding was done ad [ibitum for the period of 14 days.

Experimental design: Eighteen (18) wistar albino rats weighing 150g were randomly selected into 3 groups of six (6) animals
each. Group A was a control group fed with glucose (50 g) dissolved in water while group B and C were fed with boiled
samples and the composite samples respectively.

Blood Samples Collection: At the end of the experiment, the rats were anaesthetized with chloroform soaked in swab of cotton
wool in desiccators. They were then sacrificed and 5ml sterile syringes with needle were used for collection of blood from vena
cava into properly labeled EDTA sample bottles and were taken to biochemistry department of National Veterinary Research
Institute (NVRI) VOM for biochemical test analysis.

Determination of Proximate Analysis: The proximate composition of the white Irish potato and the Livingstone potato were
determined using the method described by AOAC (2010). Crude fat was determined using the Soxlet system (Soxtecavante
2050), Crude protein was determine by Kjeldahl method using Kjeltec TM Model 2300 principle: The Soxlet equipment was
used to defat the sample as in crude fat determination, Moisture content determination by the air oven drying method, the
carbohydrates and the ash content were determined using different methods.

Determination of the biochemical parameters: Blood urea content was determined using the acurex kit for urea, USA. Blood
creatine was determined using fortress diagnostic creatine test kit, UK. Enzymatic test for the direct determination of glycated
hemoglobin (Hb/c) test was carried out using MACFES merchandise Ltd, diazyme direct enzyme HbA/c test kit, USA. C -
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peptide determination by Enzyme - Linked Immunosorbent Assay (ELISA) test kit, USA. Total cholesterol, HDL, LDL and
triglycerides were determined using fortress diagnostic kit, UK.

STATISTICAL ANALYSIS: Statistical analysis was carried out using one-way analysis of variance (ANOVA). Data were
analysed using GraphPAD prism 7 computer software. Data were expressed as the mean + standard error of mean and values of
P< 0.05 were considered significant.

RESULTS

Result observed in proximate composition of white Irish potato showed marked increase in all the unprocessed groups
compared to the boiled and composite flour group shown in table 1 and figure 1 below. Result observed in proximate
composition of Livingstone potato showed marked increase in all the unprocessed groups compared to the boiled and
composite flour group shown in table 2 and figure 2 below. Result observed in biochemical parameters (glycemic index
response) showed marked increase in all the control groups compared to the boiled and composite flour group shown in table 3
and figure 3 below.

Table 1: Proximate composition of white Irish potato

Processing Moisture Protein Fat content  Crude fiber Ash Total Carbohydrates
Method content content (CH20)
Unprocessed 88.30+0.305 6.06+0.120 8.23+0.085 3.71+0.060 4.85+0.069  61.93+0.091

Boiled 80.19+0.347 5.63+0.178 7.07+0.065 2.33+0.145 3.29+0.054 60.13+0.560

Composite 80.19+0.347 4.22+0.060 6.03+0.092 2.05+0.034 3.40+0.008 59.80+0.305
flour
p-value <0.0001 0.0001 <0.0001 0.0011 <0.0001 0.0136

Values are expressed as mean = SEM, n=4.

If p value is less than 0.05, mean values are statistically significant (p < 0.05)
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FIGURE 1. Proximate composition of white Irish potato

Table 2: Proximate composition of Livingstone potato
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Processing Moisture Protein content Fat content  Crude fiber Ash Total
Method content Carbonhydrates
(CH20)
Unprocessed 87.46+0.272  7.10+0.057 9.23£0.128 2.69+0.065 4.32+0.078  59.14+0.443
Boiled 78.49+0.173  6.38+0.122 6.15+0.086 2.23+0.105 4.06+£0.033  51.17%0.063
Composite 77.50£0.225 4.30£0.159 6.12+0.066 1.92+0.041 3.26:£0.034  48.64+0.236
flour
p-values <0.0001 <0.0001 <0.0001 0.0011 <0.0001 <0.0001
Values are expressed as mean = SEM, n=4.
If p value is less than 0.05, mean values are statistically significant (p < 0.05)
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Proximate composition of Livingstone potato
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TABLE 3 BIOCHEMICAL PARAMETERS (GLYCEMIC INDEX RESPONSE)

792

Treatments Glycated Creatinine Urea Total HDL TRIG LDL CHOL c-PEPTIDE
HB% mol/L mmol/L CHOL CHOL mmol/L ng/ml

Mmol/L  mmol/L

Control 2.66+£0.008 23.91+0.049 9.24+0.024 27.71+0. 1.14+0.0 0.93+0.0 1.24+0.020 1.14+0.023
153 08 20

Boiled 2.23+0.014* 18.46+0.145* 9.08+0.044* 19.25+0. 0.84+0.0 0.51+0.0 1.03+0.040* 0.87+0.008%
0322 832 052

Composite  2.16+£0.008* 19.12+0.008* 7.13+0.014* 15.42+0. 0.77#0.0 0.57+0.0 0.92+0.012* 0.82+0.011%

Flour 2882 052 122

p-value <0.0001 <0.0001 <0.0001 <0.0001 0.0035 <0.0001  0.0005 <0.0001

Values are expressed as mean = SEM, n=4,
If p value is less than 0.05, mean values are statistically significant (p < 0.05)
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Figure 3. Biochemical parameters (glycemic index response)

DISCUSSION
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The different processing methods used in Nigeria affect both nutrient compositions and glycemic responses of some
carbohydrate based food stuffs (Jimoh et al., 2008). The high moisture contents obtained for white Irish potato and Livingstone
potato in this study explains why post-harvest loss due to spoilage is always high for these tubers, because high moisture
content enhances microbial attack and reduces food quality and stability (Akonbi et al; 2009). The increase in moisture content of
the unprocessed white Irish potato and Livingstone potato (88.30+0.305 and 87.46+0.272) could be attributed to the fact that
boiling allowed the starch grains to absorb water. The values for the boiled and composite flour of the white Irish potato
(80.194£0.347 and 80.19+0.347) and Livingstone potato (78.49£0.173 and 77.50+0.225) are lower than the unprocessed samples.
Therefore the lower the moisture contents of a sample, the more its storability.

The ash levels in the white Irish potato [the boiled (3.29£0.054) and the composite flour (3.40+0.008)] and Livingstone
[boiled (4.06+£0.033) and the composite flour (3.26+0.034)] were reduced significantly (p<0.05) compared to the unprocessed
sample, this could be attributed to the solubilization and leaching of nutrients into the processing water (Mbajunwa 1995). This
implies that the mineral contents preserved in the species have been reduced. The findings of this study are similar to a mean
range of 4.60-7.78% ash contents reported for three cocoyam cultivars in Nigeria (Njoku and Ohia 2007).

Protein is needed by humans, particularly infants, for growth, maintenance of tissues, restoration of losses caused by
damage or disease, and pregnancy and lactation. The protein contents of tubers are generally low. In this study, the protein
content of white Irish potato [boiled (5.63+0.178) and the composite flour (4.22+0.060) and Livingstone potato [boiled
(6.38£0.122) and the composite flour (4.30£0.159)] are lower significantly (p<0.05) compared to the unprocessed sample. Low
protein values of white Irish potato and Livingstone potato observed in this study suggested that it was not a good source of
protein. Woolfe (1999) reported similar results and concluded that the limiting nutritional quality of white Irish potato and
Livingstone potato was the low protein content which ranged from 1 to 3g/100g on fresh weight basis. More so, boiling has
been found to decrease protein content due to leaching of nitrogenous substances during steeping and rupturing of molecules
during steaming (Otegbayo et al; 2013) and this might be the reason for the observed effect.

Fat serve as energy store in the body when is broken down to release glycerol therefore converted into glucose (energy)
by the liver. It has been reported that 1g of fat provides 37kcal of energy (Godon, 2000). In this study, the fat content of white
Irish potato [boiled (7.07+0.065) and the composite flour (6.03+0.092)] and Livingstone potato [boiled (6.15+0.086) and the
composite flour (6.12+0.066)] are lower significantly compared to the unprocessed sample. This is an indicative that the low fat
content can be suitable for diabetic patients and people suffering from cardiovascular diseases.

Crude fibre represents the content of the non-digestible components of food, such as lignin, cellulose and
hemicelluloses. These are essential in human nutrition, since they enhance the transit time through the bowels, facilitates bowels
movement thus reducing the risk of colon cancer. In this study, the crude fibre content of white Irish potato [boiled (2.33£0.145)
and the composite flour (2.05£0.034)] and Livingstone potato [boiled (2.23+0.105) and the composite flour (1.92+0.041)] are
significantly (p<0.05) lower compared to the unprocessed sample. This indicates that the processed samples are rich in dietary
fibre, this may be relevant in African’s food and nutritional security.

Carbohydrate supplies energy to the body contributes to fat metabolism spares proteins as an energy source, act as a
mild natural laxative for human beings and generally add to the bulk of the diet (Godon, 2000). The unprocessed white Irish
potato (61.93+0.091) and Livingstone potato (59.14+0.443) samples were higher significantly (p<0.05) in carbohydrate compared
to the white Irish potato [boiled (60.13£0.560) and the composite flour (59.80£0.305)] and Livingstone potato [boiled
(51.1740.063) and the composite flour (48.64+0.236)]. This agrees with the fact that tuber and root crops are generally rich in
carbohydrates (Eka 2000) and can produce more edible energy. Deficiency can cause the body to divert proteins and body fat to
produce needed energy, thus the flour is a good nutrition for diabetic patients (Gordon, 1999).

As seen from the results in table 4.3, glucose metabolism was affected by a significant (P<0.05) increase in the
glycosylated hemoglobin (2.66+0.008) and an increase in c-peptide concentration (1.14+0.023) in the control groups compared to
the boiled and composite flour group. There is an increase in glycosylation of hemoglobin as a result of high circulating
concentrations of glucose.

Creatinine is a breakdown product of creatine phosphate in muscle, and is usually produced at a fairly constant rate by
the body depending on muscle mass (Yuegang et al; 2008). Creatinine is a commonly used as measure of kidney function. In this
study, the creatinine decrease significantly (p<0.05) in composite flour (19.12+0.0082) and boiled group (18.46+0.145%) compared
to the control group (23.91+0.049). The decreased values suggested that the composite flour is good for diabetic patients. This is
in agreement with the work of Edmund and David in Carl et al; 2006.

Urea is major nitrogenous end product of protein and amino acid catabolism, produced by liver and distributed

throughout intracellular and extracellular fluid. In kidneys urea is filtered out of blood by glomerulli and is partially being
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reabsorbed with water (Corbett, 2008). In this study, the urea level also decrease significantly (p<0.05) in composite flour
(7.13£0.014%) and boiled group (9.08+£0.044?) compared to the control group (9.24+0.024). This is an indication that decreased urea
value reduced heart failure and the flour is a good nutrition for diabetic patients as well.

Cholesterol is a substance (a steroid) that is essential for life. It forms the membranes for cells in all organs and tissues in
the body. It is used to make hormones that are essential for development, growth, and reproduction. It forms bile acids that are
needed to absorb nutrients from food. The total cholesterols in this study decrease significantly (p<0.05) in composite flour
(15.42+0.288%) and boiled group (19.25+0.0322) compared to the control group (27.71£0.153). This decrease has been reported to
lower the heart attack risk (Jama, 2005).

Triglyceride is the most common type of lipid found in animals. Fat tissue is primarily for the storage of this
form of lipid, although high level of triglycerides is also linked to heart diseases. Normal triglyceride levels vary by
age and sex (Ma, 2006). The triglycerides level decrease significantly (p<0.05) in composite flour (0.57+0.0122) and boiled
group (0.51+0.005%) compared to the control group (0.93+0.020). This may be related to lower abdominal fat pad or correlated
with the quality of the diet (Adeyemi et al; 2000).

HDL is said to carry cholesterol away from cell and arteries back to the liver where the cholesterol is recycled
or removed from the body (Colpo, 2005). This is sometimes called good cholesterol. In this study, the HDL also decrease
significantly (p<0.05) in composite flour (0.77+0.005) and boiled group (0.84+0.0832) compared to the control group (1.14+0.008).
This decrease in HDL level maybe attributed to processing methods or the mode of administration may be important
determinants.

LDL cholesterol primarily transports cholesterol and other lipids from the liver to other cells in the body via the
bloodstream (Colpo, 2005). Unfortunately as LDL cholesterol travels through the blood, it can get deposited into artery
walls. This is sometimes referred to as the bad cholesterol. The LDL also decrease significantly (p<0.05) in composite flour
(0.92+0.0122) and boiled group (1.03+0.040?) compared to the control group (1.24+0.020). This is an indication that the low LDL in
this study reduced fatty liver disease (FLD). Persons with a profound reduction of LDL cholesterol may have a decreased risk
for heart disease and thus is a good nutrition for diabetic patients.

In conclusion, the results generated from this study showed that white Irish potato and Livingstone potato are good
sources of carbohydrates with high nutritional quality which includes minimizing the risk of post prandial blood glucose spike,
thereby reducing diabetic and cardiovascular indices and reduction in serum lipids. In addition, the results also indicates that
method of food preparation have significant impacts on the glycemic indices of the Nigeria root tubers.
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