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ABSTRACT

This experimentally-controlled designed study investigated the effects of selected food
processing methods: boiling, flouring, frying, pounding and roasting on proximate nutrient
compositions of white yam (Diascorea rotundata)-based diets and postprandial glycemic
profiles in male type 2 diabetic Nigerians. Proximate composition of yam meals (raw and
processed) and 50g digestible carbohydrates of served portions were determined and
analyzed using standard methods of food analysis. The glycemic index (GI) was
determined using 20 volunteers (10 type 2 diabetic patients and ten healthy (control)
subjects; age range 30-70 years) who consumed served portions of each processed
meals containing 50g digestible carbohydrates. Postprandial capillary blood glucose
concentrations taken half hourly for two hours using glucometer were used to construct
the mean incremental glycemic response (GR) curve from which the GI was calculated.
Product of each processing method was classified into low or high GI diet based on the
international GI classification of foods while the glycemic profile to each processed meal
was based on the pattern of the mean postprandial glycemic responses. Fibre, protein
and calorie contents of the processed yam meals increased significantly (P≤0.05)
compared with the raw meal while their ash and moisture contents decreased according
to the degree and extent of exposure to heat. Roasting of yam gave the highest GI
(93.3±4.0%) while frying gave the lowest GI (36.2±2.7%). Postprandial glycemic response
patterns (glycemic profile) varied with the different processing methods: High-GI meal
induced quick GR with robust (undesirable) glycemic profile while low-GI meal caused
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delayed GR with low (desirable) glycemic profile. Methods of food processing improved or
worsened glycemic profile in type 2 diabetic Nigerians depending on their degree and
extent of alteration of food proximate composition, glycemic index values and the
postprandial glycemic responses. Dietary recommendation for diabetics should focus
both on the source of carbohydrates and the processing method(s) which favor low-GI
diets and desirable impact on glycemic profile.

Keywords: Processing methods; proximate composition; glycemic profile; diabetic Nigerians;
white yam.

1. INTRODUCTION

Processing of foods affects carbohydrate micronutrient content and bioavailability in different
ways with either desirable or adverse effects on the nutritional values [1]. The bioavailability
of starch is affected dramatically through processing regarding both rate and extent of small
intestinal digestibility. This permits optimizing the digestion of starch by choice of raw
materials and processing conditions. Many metabolic studies have shown that method of
food processing vary greatly in their effect on blood glucose and insulin concentrations [1,2]
causing significant differences in the rate and extent of carbohydrate digestion thus affecting
the glycemic response (GR) and glycemic index (GI) value [3]. Two different brands of the
same type of food such as a plain cookie may look and taste almost the same, but difference
in the type of flour used, moisture content and the cooking time can result in differences in
the degree of gelatinization and consequently the GI values [4].

Boiling, cooking and heating of carbohydrates results in alteration of their physical properties
through gelatinization and retrogradation. Altering the physical form of a complex
carbohydrate changes the postprandial glucose and insulin response to it [5]. The nutritional
quality of the carbohydrates and the effects of processing on that quality is a major concern
when considering foods to be incorporated into diabetic menu because processing in a
number of ways can alter both the content and the nutritional quality of food carbohydrates
[6]. Yams of African species are prepared and processed in various ways including boiling,
pounding into paste, roasting or baking, frying, leaching, drying and grinding into flour for
consumption as foods. In western Nigeria, it may be sun-dried and ground into yam flour to
be consumed as yam flour paste meal called “Amala” while in the Eastern Nigeria, it may be
pounded with ‘Eba’ (cassava meal) to make ‘Utaraji’ [7].

While research on the effect of processing methods on glycemic profile in healthy subjects
has been developed, investigations of such effects in diabetics in our environment are few.
Any effort to enable the practical use and determination of GI of variety of foods processed
by different methods (appropriated to various Nigerian cultures) may support establishing
optimum dietary recommendations with good glycemic profile and control in diabetics. This
study therefore investigated the processing effects of boiling, frying, pounding, roasting and
flouring of white yam (Diascorea rotundata) on the proximate nutrient composition of yam-
based meals and postprandial glycemic profile in male type 2 diabetic Nigerians with the
hope of developing an appropriate dietary plan menu suitable for dietary control of diabetes
in our environment via recommendation of suitable processing method(s) that support good
glycemic control and profile.
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2. SUBJECTS AND METHODS

2.1 Subjects Selection

Ten male patients with type 2 diabetes mellitus (DM) first diagnosed within the past year and
controlled only by oral hypoglycemic agents, were randomly recruited for this study after
approval of the experimental protocol by U.I/U.C.H Institutional Review Committee of the
Institute for Advanced Medical Research and Training (IMRAT) with the assigned number
UI/EC/07/0092. The patients, after giving their written informed consent for the study, were
selected consecutively from the outpatient department of the University College Hospital,
Ibadan, Nigeria. Ten healthy male volunteers, age-matched hospital workers, were included
as control subjects. Control subjects did not have previous management for diabetes or
hypertension, and no family history of either. The two groups of subjects followed the study
protocol without any prejudice to their social status. Each subject ingested five different food
types (boiled yam, pounded yam, roasted yam, fried yam, yam flour meal) and standard
meal (pure glucose) at one-week intervals. Each of the meal types was taken twice and so
the study covered a period of twelve weeks. One meal type was served to all subjects at a
session. Diabetic subjects continued to use their prescribed drugs throughout the study
period. The characteristics of the study subjects are shown in Table 1 below.

Table 1. Study subjects characteristics

Parameters Diabetic subjects Healthy subjects
Age (yrs) 63.4±9.24 46.5±5.4
Weights (kg) 73.1±14.55 66.2±8.4
Height (m) 1.69±0.1 1.79±0.1
BMI (kg/m2) 25.98±4.04 20.67±2.2
FCBG (mg/dl) (entry point) 106.9±13.91 91.1±5.0
Values are mean ± SD; BMI = Body Mass Index; FCPG = Fasting Capillary blood Glucose at entry

Point

2.2 Food Preparation and Processing

Five different processing methods were employed in this study using a species of yam
(Dioscorea rotundata) purchased at a local market with the help of a dietician and an
agriculturist. The raw yam was prepared and processed as follows:

1. Boiling method: Peeled, sliced and rinsed raw yam tubers were cooked on fire for 35
minutes with 2000mls of water added until softened for consumption. Salt was
added to taste.

2. Pounding method: Initial process was similar to boiling method without addition of
salt. Boiled yam was later pounded for 30 minutes in a mortar with pestle using
60mls of the water used for boiling the yam until a consistent, smooth and paste-like
dough was formed (pounded yam).

3. Frying method:  Peeled, sliced and rinsed raw yam tubers were allowed to air-dry for
about 5 minutes and then shallow-fried for about 30 minutes in a frying pan
containing 300mls of unsaturated cholesterol-free vegetable oil purchased at a local
market. The frying was allowed to continue until a softened slightly brown fried yam
was obtained.

4. Roasting method: Peeled, sliced and rinsed raw yam tubers were roasted in an oven
at 100ºC for about 35-45 minutes until softened slightly brown palatable roasted yam
was formed.
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5. Parboiling, sun-drying and hot water-reconstituting method: In western part of
Nigeria, this processing method is used to prepare browned yam flour called ‘Elubo
Isu’. The yam flour is conventionally made by par-boiling yam chips at about 70-
75ºC till the chips are pliable and thereafter sun-dried for about 2-3 days depending
on the atmospheric humidity. The dried chips are then ground into brown-coloured
yam flour ready for reconstitution in boiled water to form a thick brown or grey
coloured smooth paste (Amala). The flour was added to boiling water and stirred
continuously for about 15-25 minutes until the desired constituent form was made.

2.2.1 Test foods

Five different yam meals obtained from the processing methods applied were used in this
study and were ingested by the participants after determining their serving size portions
containing 50g digestible carbohydrates using standard methods of food analysis and a table
of food composition for use in Africa [8]. The food types are eaten in this culture with a bowl
of soup and so it was necessary to serve the meals with soup prepared in a standard and
uniform way to avoid the introduction of a possible variable that may affect the study results.
In the determination of the glycemic index, glucose (50 g) dissolved in 300 ml of water just
before drinking was used as a reference meal as recommended by the World Health
Organization/Food and Agriculture Organization (WHO/FAO) expert consultation panel [9].
Table 3 below shows the serving size of each meal containing 50g digestible carbohydrates.

2.2.2 Food proximate nutrient composition and calorie analysis

Portions of each test food containing 50g digestible carbohydrates were taken to the
laboratory for analysis of their chemical (proximate) composition i.e. the carbohydrates,
protein, fat, fiber, ash and moisture content. Their calorific contents were determined using
Bomb Calorimeter (Cal 2k Eco Bomb Calorimeter, Digital Data Systems Ltd. Ransburg,
South Africa). The methodology of laboratory determination of the proximate nutrient
composition and the energy according to the standard official methods of food analysis of
the association of official analytical chemist and principles and techniques in food analysis
by Dieter et al. and Joslyn [10,11] were used in this study. Carbohydrates content was
estimated by simple difference. The average values of the proximate nutrient composition
were determined after three (3) determinations. Table 2 below shows the proximate nutrient
composition and the energy value of the raw and processed yam meals.

2.3 Glycemic Index Determination and Glycemic Response Curves
Construction

Modified versions of the methods of Wolever et al. [12] and Chylup et al. [13] were used to
determine GI of the test meals in both healthy and diabetic subjects. Measured serving
portions of the food containing 50g digestible carbohydrates used for the study were eaten
by each of the subjects after an overnight fast. Capillary blood samples were collected from
finger prick just before the meal and thereafter every 30 min for 120 min. Total blood sugar
level was determined from each of the blood samples with a portable glucometer (One
Touch Basic Lifescan Blood Glucose Monitoring System, Johnson & Johnson Company, Ca,
USA). Blood glucose response curve was constructed from the average blood glucose
concentration (mgldl) obtained before and after meal against time (min.) Incremental area
under the curve (IAUC) was calculated for each meal for each subject, as the sum of the
surface triangles and trapezoids between the blood glucose curve and the horizontal
baseline running in parallel to the time axis from the beginning of the curve to the point at
120 min, to reflect the total rise in blood glucose concentration after eating the tested food.
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The IAUC for reference (standard) food (i.e. 50 g of pure glucose) was obtained in a similar
way (IAUCS). The GI for each food was calculated from the formula:

GI = (IAUC/IAUCS) x 100%.

The average GI for the two sessions for each subject was taken as the GI for that food for
the subject. The GI for each food was finally calculated as the mean of the average of the
GIs in ten subjects in the group. The GI and the pattern of GR to each food were compared
between healthy and diabetic subjects and also between different meals used in the study.
Table 4 below shows the determined GIs of the processed diets.

2.4 Statistical Analysis

Student’s t test and Pearson’s correlation test of the statistical programs of Microsoft Excel
and SPSS v. 17 were used to analyze the data obtained. The GIs (%) and participants’
characteristics are expressed as mean ± SD while other results are expressed in mean ±
SEM. p values <0.05 were considered significant.

3. RESULTS

Table 1 shows the characteristics of type 2 DM patients and healthy subjects included in this
study.

Diabetic patients were generally older than control subjects however there was no significant
difference in the body mass index (BMI) when compared between groups.

Table 2 shows the result of the energy values and the proximate nutrient analyses of the raw
and processed yam diets after 3 determinations.

The proximate analysis of the raw and test meals showed that yam flour (Amala) has the
highest percentage of moisture content (77.08%) while the roasted yam has the least value
(51.39%). These values for Amala and Roasted yams were significantly lower (P<.05) than
the moisture content of the raw yam tuber (80.8%) prior to processing. The protein content of
the test meals was higher in all the processed foods than the raw food. Roasted yam has the
highest protein value (9.41g) while Amala has the least value (5.47g). The difference in the
protein values of the test meals when compared to the raw food was significant (P<.05).
Amala displayed the lowest lipid content (0.0001g) while other test meals showed higher
lipid contents compared to the unprocessed raw yam tuber. Fried yam has the highest fat
content (2.20g). The difference in their values was significant compared to the lipid content
of the raw yam. The carbohydrate contents of the entire test meals were similar in values
because of the equal amount of 50g digestible carbohydrates contained. Pounded yam has
the least fiber content (2.11g) while Amala has the highest fiber content (3.38g). The
difference in their values when compared with the unprocessed raw yam (0.6g) was
significant (P<.05). The ash content of the processed meals showed varying degree of
reduction compared to the raw yam whose ash content was higher than the rest of the
processed meal. The calorie of the processed meals showed insignificant difference in their
values with fried yam displaying the highest energy content (383.81kcal) while Amala has
the lowest calorie content (375.71kcal). The difference in caloric content between the
processed and raw meal was significant (P<0.05). Figs. 1 and 2 show the profiles of the
mean blood glucose responses to various processed meals in diabetic patients and healthy
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subjects respectively. It was observed that diets with low GIs shows flatter glycemic
response pattern in both diabetic and control subjects while meals with high GIs displayed
robust glycemic response pattern with increased mean incremental areas. Flattening of the
GR curves pattern increases with decreasing GI. From Table 4 it is obvious that roasted yam
has the highest GI (93.34±4.04%) and fried yam the lowest GI (36.16±2.71%) in diabetic
patients. In healthy subjects, similar observation was made except that the values obtained
were significantly reduced: roasted yam (64.00±10.17%) and fried yam (24.50±2.88%) with
P values of 0.015 and 0.009 respectively. There were substantial variations, however, in the
GIs of each food type. Table 5 shows that wide variations in the GI of each food were
manifested in the positive correlation of the GI between the diabetics and the healthy
subjects.

Fig. 1. Profile of mean glycemic response curves in diabetic subjects

Fig. 2. Profile of mean glycemic response curves in healthy subjects
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Table 2. Proximate and caloric values of raw white yam before processing and test diets after processing

Test diets Food energy (kcal) Moisture (%) Protein (g) Fat (g) Carbohydrate (g) Fiber (g) Ash (g)
Before processing
Raw yam 71±0.00 80.8±0.01 1.5±0.00 0.1±0.01 16.4±0.00 0.6±0.01 1.2±0.00
After processing
Pounded yam 381.19±0.01 65.52±0.00 7.23± 0.01 0.36±0.00 84.26±0.01 2.11±0.00 1.14±0.02
Amala (Yam
flour paste)

375.71±0.00 77.08±0.01 5.47±0.00 0.00±0.00 84.12±0-01 3.38±0.02 0.74±0.01

Boiled yam 380.71±0.02 61.01±0.01 7.66±0.00 0.56±001 83.06±0.02 2.41±0.01 0.82±0.02
Roasted yam 379.52±0.02 51.39±0.00 9.41±0.01 0.59±0.01 80.40±0.02 3.27±0.01 0.51±0.01
Fried yam 383.81±0.11 54.33±0.01 8.10±0.01 2.20±0.01 79.07±0.00 2.67±0.01 0.57±0.00

Values are means ± SEM of three (3) determinations.
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Table 3. Serving size (weights) portion of test diets containing 50g digestible CHO

Test diets (Yam meals) Weight (g)
Yam flour (Amala) 280
Boiled yam 180
Pounded yam 225
Fried yam 60
Roasted yam 135

CHO = carbohydrates

Table 4. Glycemic indices of test diets in study subjects

Test diets Glycemic indices (%) (mean ± SD)
Diabetic subjects n = 10 Healthy subjects n = 10

Boiled yam 88.65±3.11 52.32±6.46
Pounded yam 70.75±4.93 53.74±8.82
Yam flour paste (Amala) 50.09±4.66 36.12±7.05
Fried yam 36.16±2.71 24.50±2.88
Roasted yam 93.34±4.04 64.00±10.17

Values are mean ± SD

Table 5. Correlations of the GI of tested foods between diabetic and healthy subjects

Test diets Pearson correlations (r) Significance levels (p)
Boiled yam 0.767 0.000
Pounded yam 0.369 0.110
Amala (Yam flour paste) 0.363 0.116
Fried yam 0.571 0.009
Roasted yam 0.534 0.015

GI = Glycemic Index

4. DISCUSSION

Human diet contains many types of carbohydrates each of which contributes to different
physiologic responses [14]. The rate and extent to which starch is digested and absorbed,
and the resulting glucose and insulin responses, vary considerably depending on the source
and food processing [15,16], Recent knowledge of the variation in glycemic response to
carbohydrate-containing foods comes largely from measurements of glycemic index (GI).

Five different processing methods were employed in this study for the preparation of the test
diets and their nutrients composition determined in the laboratory to see the degree and
extent of effect of processing on their proximate values which were compared with the
unprocessed raw food proximate values (Tables 2). In both groups, method of roasting
resulted in highest values of GI while frying with vegetable oil further reduced the GI value to
the lowest as shown in Table 4. GI values differences obtained for the test meals within each
group were significant (p<0.05) when compared with one another. This supported the
hypothesis that processing of foods affects the GR and the GI of food through alteration of
the carbohydrate micronutrient content (proximate) and bioavailability, rate and extent of
carbohydrate digestion and absorption [17] and distinct changes or disruption in the physical
and chemical structures of the carbohydrates [18].
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Yam pounding results in the disruption of the organized granule structure of starch in the
pounded yam [19] thus causing increase in the availability of starch to amylase enzyme
digestion. As a result, more glucose is rapidly absorbed into the system. Altering the physical
form of carbohydrates changes the postprandial glucose and insulin response profile [20].
Thus, increased postprandial glycemic response to pounded yam observed in this study
agrees with the findings of O’Dea et al. [21] where the postprandial glycemic response of
ground rice was shown to be higher than that of the unground rice in diabetic and healthy
subjects.

Fried yam has the lowest GI value among all other test foods in both diabetics and healthy
subjects. This may result from the delayed effect of fat in gastric emptying and rate of
intestinal absorption which in turn may be responsible for the observed flattening of the GR
curve and the reduced GI of fried yam (Fig. 1 and Table 5). The highest lipid content was
noted in fried yam after processing compared with other test foods (Table 4). Marion, [22]
and Gannon et al. [23] demonstrated the above fact in their studies on effect of fat in gastric
emptying which revealed delay in peak postprandial GR to test diet.

Processing of Yam Flour meal (Amala) was more laborious than the processing methods of
others but however has its GI reduced in contrast to expectations of other several studies
view that: ‘the more processed a food is, the higher the digestion rate and subsequently the
glycemic and insulin responses’ [24,25]. The explanation for the above difference may stem
from some factors affecting the readily availability of starch in yam flour meal such as a
progressive re-association of the starch molecules (retrogradation) during reconstitution of
yam flour [26] which reduces the starch molecules digestibility. Parboiling yam in the course
of processing may also increase the fiber content as observed in the result of the proximate
analysis of the test food where the fiber content of Amala is highest (3.38g). Reduction in
exposure time to heat as compared to roasting processing during preparation for
consumption may affect its availability for digestion [27]. (Amala) is mostly swallowed in our
culture and not chewed thus may escape the impact of mastication which aids digestion.
Swallowing of food was reported in a study to reduce the in-vivo postprandial glycemia of
meals [28]. The above observations may be largely responsible for the low GI of Amala
despite the rigorous processing.

Roasted yam has the highest GI value in this study (Table 4). This may be as a result of
extent and degree of exposure to heat during roasting processing and preparation. This
obviously increases the readily availability of starch to digestion as previously described.
Such condition is often seen in factory processing. Eating of roasted yam in our environment
may require drinking of much water which may enhance the hydration of the starch granules
thus increasing availability and rate of digestion. Moreover, roasted yam requires adequate
mastication before swallowing which further enhances the digestion. These observations
may contribute to the high GI value observed.

The GI approach was used in this study to allow the comparison of the results between
different individuals. This was possible since each subject was standardized with a reference
food (glucose). It was hoped that the selection of foods with lower GI as recommended by
WHO/FAO through epidemiological and intervention studies would contribute to the nutrients
absorption and possibly improve glycemic profile in diabetics.

5. CONCLUSION

The result of this study revealed that food processing alters diets proximate nutrient
composition and glycemic profile in type 2 diabetic and healthy subjects in different ways.
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Differences in the GR pattern and GI values in diabetic and healthy subjects suggests that it
is very important to use the results obtained using diabetic volunteers for the dietary plan
management of diabetes rather than extrapolating the results obtained using non-diabetic
healthy subjects or animal studies. Restriction of diabetics to certain foods leads to poor
compliance and subsequently poor glycemic control and profile. In this regards, other food
types have to be processed in different ways acceptable to various cultural background in
order to develop an appropriate dietary plan menu suitable for dietary control of diabetes in
our environment. Therefore, effect of processing on glycemic profile and the influence of
source of dietary carbohydrate on the course and management of diabetes should be
critically considered.
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