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Abstract: The nutritional, anti-nutritional composition and functional properties of vam flours obtained from
different processes with four varieties of Dioscorea cayenensis-rotundata extensively consumed in Cote
d’Tvoire were evaluated. The results showed that nutritional and anti-nutritional composition of yams are lower
and decrease greatly during boiling than baking. The lower values of least gelatinization concentration obtained
with flour of cooked yam than raw yam flour 1s due to the loss of amylose which 15 associated with starch
granules gelatimzation during the cooking. This gelatimzation 1s characterized by granule starch of lugh size
and a heterogeneous distribution. The great solubility and the weak capacity of swelling during heating of flour
of boiled yam are due to the fact that the gelatinization of starch had been higher in the boiling. This great
gelatinization in boiled yam 1s associated to the lugh level of glucose rate during digestion and could nduce

metabolic disorders.
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INTRODUCTION

Root and tuber crops are grown widely in the tropical
and subtropical regions of the world. They are plants
yielding starchy roots and tubers which contain 70-80%
of water, 16-24% of starch and trace quantities of proteins
and lipids (Huang et al., 2006). Because of their high
starch content, root and tuber crops are the important
staple foods and are also used as ingredients in fabricated
foods across the world. In those plants, the underground
and aerial tubers produced from yam (Dioscorea sp.) play
an 1mportant role in food consumption of many
populations from tropical regions of different continents
(Kouassi et al., 1988).

In Cote d’Tvoire, several species of yam are cultivated
and yam represents the first carbohydrate food despite
the competition of other starchy products such as rice,
cassava, corn and plantain. Among the cultivated yams,
only varieties of Dioscorea cayenensis-rotundata
species are ommonly consumed and valued for the

different traditional meals (Brunnschweiler et af., 2006).

According to Akin-Idowu et al. (2009), yellow yam
(Dioscorea cayenensis-rotundata) is an important specie
of cultivated yam based on the sigmficant role it plays in
the diet of many people in coastal West Africa, selected
countries in East and Central Africa and in the Caribbean
studies
(Dioscorea cayenensis-rotundata) in Cote d’Tvoire have

region. Numerous later focused on yams
been done m order to determine the physico-chemical and
functional properties of their starch such as calorimetric
characteristics and paste properties for industnmal
applications (Degbeu et al., 2008; Amani ez al., 2004, 2008;
Rolland-Sabate et al., 2004). Before yams are consumed
by human, there are generally processed.

Previous studies emphasized the role of cooking
method as a factor able to modify properties of yam flours
(Kamenan et al., 1987, Akin-Idowu et al, 2009). In
cooking, Chien-Chun reported that the thermal behaviour
of starch in starchy food is the important information
when evaluating and estimating process design, umit
operation and the quality of final starchy products. Also,
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the thermal properties of starch granules are affected by
several factors including variety, amylose content and
type of modification (Liu et al, 2006). In Cote d’Ivoire,
the processing method of yam mclude cooking
(i.e., boiling, baking and fiying), drying and grinding into
flour. Despite an increasing interest on these tuber crops
(Dioscorea cayenensis-rotundata) on nutritious and
qualities levels in the country, published data on the
variation of components of these yams during cooking
methods is very scanty. As a part of few studies that are
being carried out to know the variation of some nutritional
compositions on these yams during boiling or baking
(Kamenan et al., 1987, Kouassi ef al., 2009), no data
existing of
composition, functional properties and other nutritional

concerned  variation anti-nutritional
components by processing. Thus, this study 1s the
continuity of the others and its objective was to
appreciate the variation of nutritional, anti-nutritional
component and functional properties of commonly
consumed yam during boiling and baking process to fill
this serious gap in the knowledge.

MATERIALS AND METHODS

Materials: Samples of four commonly consumed yams
varieties locally named Kponan, Assawa, Kangba and
Yaobadou belonging to Dioscorea cayenensis-rotundata
complex species were collected from experimental farm at
the University of Abobo-Adjame (Abidjan-Cote d’Tvoire).
Yams were harvested at maturity and immediately
transported to the laboratory for the sample preparation.

Sample preparation: Within a day of harvest, yams were
washed, peeled, washed, sliced to cubes (18 mm,
20-40 g) and divided in 3 groups. Slices in the first group
were cooked in an oven (ARTHUR MARTIN-Electrolux)
at 210°C for 20 min and slices in the second group were
cooked into boiled water (ratio 1/1: kg L.™") for 10 min. The
third group were fresh slices. Uncooked yam and cooked
vams slices were ground inte flour, sieved (200 pm) as
previously described by Kouassi ez af. (2009) and stored
in polyethylene screw-capped bottle at laboratory
temperature.

Proximate composition analysis: Ground samples were
analysed in triplicate for diosgenin, linamarin, alkaloids
and minerals. Sapogemns were extracted with ethanol,
hydrolysed by heating m 4 N sulphuric acid and the
sapogenins precipitated were filtered off. Alkaloids were
extracted with a mixture of diethylether and chloroform,
1solated m 0.3 N hydrochloric acid and the precipitated
with silico-tungstic acid. Linamarin were extracted with
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distilled water, filtered, hydrolysed in NaOH (2.5%). To
the distillate were added with NH,OH (6 N) and KT (5%)
then linamarin were determined by alkaline titration with
AgNO, (0.02 N) according to Sylvestre and Arraudeau.
The pH values were determined electrometrically (pH
METER P 107 CONSORT, Belgium) as described by
Kamenan et ol. (1987) and titratable acidity was measured
by direct titration (Omonigho and ITkenebomeh, 2000).
Minerals were determined on acidified ash using
spectrophotometer (SCHIMADZU UV 102-02, Japan) for
phosphorus levels and flame photometer (JENWAY PFP7,
United Kingdom) for Na, K and Ca (AOCAC, 1984).
Alcohol-soluble sugars (glucose, glucose and sucrose)
were determined with enzymatic kit method (Megazyme,
Assay Procedure K-SUFRG 12/05).

Least gelatinisation concentration: The least
gelatinisation concentration was estimated according the
method of Coffmann and Garcizj (1977). Yam flours
dispersions of 4-14% (w/v) were prepared with distilled
water in test tubes and mixed for 2 min. The mixtures
obtained were boiled for 1 h in a bain-marie and cooled at
laboratory  temperatire. The least gelatinisation
concentration of sample flours (1e., the lowest
concentration that gives a stable gel when tests tube is
inverted) was determined.

Flours granule measurements and their distribution:
Flowrs granules were examined with a photonic
microscope (Olympus U-SPT, BX 40F, Tokyo, Japan)
magnification=400 equipped with a drawtube that
superimposes image of the specimen and the pencil image
according to method described by Degbeu et al. (2008).
Squared paper was used to estimate the granule size by
counting the square millimeters contained inside the
granule shape.

The diameters of each granule measured were
corrected by a calibration factor (15.1 um). A pinch of
starch sample m water was prepared and the slide was
placed on the stage of a compound microscope and
observed. The length and the width of granules were
determined as described above. One thousand counts
were performed with 200 granules counted per shide for
raw starch flour and 100 granules per slice for starch in
cooked samples.

Swelling power and solubility: The flour suspension of
1% (w/w) was heated for 30 min over the pasting
range 55-95°C by immersion in a water bath with gentle
stirring. After cooling for 15 min at room temperature it
was centrifuged (Centrifuge, 3-16P Germany) at 5000 rpm
for 30 min. The supernatant was unmediately separated
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from the sediment both were oven-dried (130°C for 2 h)
weighed and the swelling power and solubility determined
(Leach ef al., 1959).

Statistical analysis: Proximate composition analysis was
done in triplicate. Data was expressed as meantSD
deviation and results were evaluated by Duncan test
analysis with the statistical software SPSS 11.5 for
Windows. A significant level of a<0.05 was chosen.
Figures were done with Excel 2007 software for Microsoft
office (XP-Microsoft Corporation).

RESULTS AND DISCUSSION

The results of the minerals measurements are shown
in Table 1. Potassium was the major mineral present in raw
yvam tubers with 592.57+0.45-611.8320.57 mg/100 g on dry
basis (db). After cooking, minerals levels decreased in
vam but potassium remained the most important whatever
the method of cooking and the variety of yam. Also,
boiling decreased sigmficantly minerals in yam (p<0.05)
than baking. Mineral contents in raw yam flour are
remarkably similar (p<0.05) to those of baked yams
(Table 1). In boiling yam, the values obtained fall within
the range of 461.23+1.00-500.97+0.75 mg/100 g db
(potassium), 8.90+0.20-19.70+0.20 mg/100 g db (calcium),
2.234+0.21-6.97+0.15 mg/100 g db (sodium) and
63.93+0.12-83.7320.25 mg/100 g db (phosphorus).

On dry basis, the results of alcohol-soluble sugars
composition in raw yam showed that alcohol-soluble
sugars levels are lower and sucrose 1s the major
component with levels range from 0.62+0.01-
2.2140.01 mg/100 g (Table 2). The glucose and fructose
are lower and are the same in the different varieties of
Dioscorea cayenensis-rotundata. After cooking, their
values fall sigmificantly within the range of
0.03+£0.00-0.04+0.00 mg/100 g db (glucose) and
0.06+0.00-0.18+0.01 mg/100 g db (fructose) in boiling

Table 1: Minerals components of the yams (mg/100 g db)

Varieties P K Na Ca
Assawa

A 102.33+£2.17 611.83+0.57° 18.6040.46° 29.77+0.40°
B 100.1341.22¢ 599.30+0.79% 16.2740.55* 28.17+1.11¢
c 83.73+0.25" 500.97+0.75¢ 6.97+0.15° 19.70+0.20°
Kangha

A 92.5740.55° 599.834+0.38* 12.1340.15° 18.80+0.44*
B 90.70+1.66° 592.67+0.06° 11.23+0.42¢ 17.43+1 46°
c 69.53+0.50°F  472.37+0.40° 4.43+0.40° 8.90+0.20°
Yaobhadou

A 82.5041.41% 595.2340.21° 10174015 23.204+0.20%
B 80.334+1.8> 586.33+0.328 9.304+0.62¢ 21.3741.292
C 63.93+0.12°  461.2341.00° 2.23+0.21% 10.87£0.15°
Kponan

A 93.33+0.31° 592.57+0.45° 14.63£0.47¢ 27.63+0.60°
B 91.63+1.40° 592.57+0.45% 14.63£0.47* 27.63+0.60°
c 72.0040.20F  499.504+0.46° 4.97+0.15° 14.97+0.15°

(Table 2). The titratable acidity was low in raw yam with
values ranging from 2.25+0.03-2.38+0.03 meq.g/100 g db.
After cooking, pH (5.144+0.64-5.504£1.10) in raw yam
increased around 6.20 on average and the titratable acidity
decreased around 1.00 m cooked yam. The oxalic acid
content of raw tubers ranged from 0.43+0.10-
0.96+0.01 mg/100 g db (Table 3). In addition, the results
showed that boiling reduced significantly oxalic acid than
baking,.

Diosgenn values m the raw samples range from
3.5140.01 mg/100 g db-3.80+0.01 mg/100 g db. Also, this
worl estimated to 33.53 mg/100 g db on average of
alkaloids (Table 4). Results showed that linamarin
contents n the samples are very weak (0.09+0.01-
0.1040.00 mg kg~ db). In general, anti-nutritional factors
in the samples are very lower and data showed that
boiling decreased significantly anti-nutritional component

than baking (Table 4).

Table 2: Alcohol-soluble sugars components of the yams (g/100 g db)

Varieties Sucrose Glucose Fructose
Assawa

A 2.21+0.01" 0.21=0.01* 0.24+0.01*
B 1.36+0.01° 0.21+0.01* 0.31+0.01*
C 0.85+0.01° 0.03+0.00° 0.18+0.01°
Kangha

A 1.05£0.01° 0.11£0.01* 0.1140.01*
B 0.71£0.01" 0.17+=0.01* 0.1840.01*
C 0.30+0.01* 0.03+0.00° 0.07£0.00°
Yaobadou

A 0.62+0.01° 0.08+ 0.01* 0.10+0.01°
B 0.37£0.01° 0.10+0.00 0.15+0.01°
C 0.20+0.01® 0.02+0.00¢ 0.06+0,00
Kponan

A 2.02+0.02 0.19+0.01= 0.20+0.01°
B 1.01£0.02" 0.20+0.01* 0.3040.01*
C 0.42+0.01= 0.04+0.00° 0.11£0.00¢

Means with the same superscripts in the same column and variety are not
significantly differ (p<0.05). A: Raw yam flour; B: Baked yam flour and C:
Buoiled v am flour

Table 3: Acid components of the vam

Titratable acidity Oxalic Acid
Varieties (meq.g/100 g db) pH (me/100 g db)
Assawa
A 2.38+0.03* 5.50+£1.10° 0.96:0.01°
B 1.17+0.05" 6.22+0.08 0.34=0.01*°
C 1.10+0.02% 6.39+1.66° 0.03=0.00°
Kangba
A 2.25+0.03 5.144+0.64° 0430100
B 1.0340.03" 6.20£0.04 0.14:£0.01%
C 0.950.03" 6.23+0.64° 0.02+0.00°
Yaobadou
A 2.25+0.03° 5.41+1.08° 0.85+0.01*
B 1.09+0.02" 6.13+0.1(F 0.25+0.00°
C 1.0040.02" 6.2240.64° 0.08+0.01°
Kponan
A 2.31+0.02¢ 5.36+0.64° 0.90+0.10°
B 1.17+0.03" 6042014 0.14=+0.00°
C 1.07+0.03" 6.54£1.09 0.02+0.00°

Means with the same superscripts in the same column and variety are not
significantty differ (p<0.05). A: Raw vam flour; B: Baked yam flour and C:

Boiled yam flour
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Means with the same superscripts in the same colurmn and variety are not
significantly differ (p<<0.03). A: Raw yam flour; B: Baked yam flour and C:

Boiled yam flour
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At weale temperature, the analysis showed that the
swelling power of boiling yam flour was higher than the
one of baked yam flour which is also higher than the raw
vam flour (Fig. 1). This trend inverted with the increasing

Table 4: Anti-nutritional components of yams

Diosgenin Linamarin Alcaloids
Varieties (mg/100 g db) (mg kg™ db) (mg/100 g db)
Assawa
A 3.51+0.01* 0.10+0.00 31.32+0.03*
B 3.33+0.08 0.03+0.00¢ 29.29+0.03*
c 2.08+0.02° 0.01£0.00F 17.81+0.04°
Kangha
A 3.64+0.03* 0.10+0.00 36.57+0.04%
B 3.41+0.01° 0.040.00F 35.02+0.02°
C 2.07+£0.01° 0.01=0.00° 23.20+0.02
Yachadou
A 3.71+0.01* 0.14+0.00 33.14+0.03*
B 3.37+0.05 0.02+0.01° 30.05+0.05*
C 2.07+£0.00¢ 0.010.00° 21.39+0.01°
Kponan
A 3.80+0.01° 0.09+0.01° 33.08+0.03*
B 3.38+0.08 0.03+0.00¢ 30.41+0.01*
c 2.09+0.01° 0,020, 00F 20.0320.03"

Means with the same superscripts in the same column and variety are not
significantly differ (p<0.05). A: raw yam flour; B: baked yam flour and C:
boiled yam flour
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of temperature. Indeed at 95°C, the swelling power of
boiled yam flours (27-30 g g~} is smaller than the one of
baked yam flours (30-36 g g) which is alsc smaller than
the one of raw yam flours (38.5-42.5g g™ ").

As far as temperature rises, the solubility of raw yam
flours also rises but this is lower than the one of baked
yam flours and both are lower than the solubility of boiled
yam flowrs (Fig. 2). This situation changes at the high
temperature. In fact, solubility in the cooking flour fraction
was higher with 17-22.5% at 95°C (boiled yam), 14-17.5%
{(baked yam) than raw yam flour (14-16% at 95°C). About
amylose, the results showed that 1t’s in high proportion in
raw yam flour and this decreased with cooking (Table 5)
within the range of 5-6% (raw vam flour), 7-8% (baked yam
flour) and 8-9% (boiled yam flour). About granules
starch size and ther distribution, data showed that
the smallest diameter of granule starch are observed in
raw yam flour. Diameter ranges from 25-75 pm with the
peak in 50 pm. Raw granules with 50 pm diameters
accounted around 90-95% of the total. In general after
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Fig. 1: Swelling power of yam flours according to temperature, A: Raw yam flour; B: Baked yam flour and C: Boiled yam

flour
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Fig. 2: Solubility of yam flours according to temperature. A: Raw yam flour; B: BAked yam flour and C: Boiled yam flour

Table 5: Least Gelatinisation Concentration (LGC) of vam flours

Varieties LGC (%)
Assawa

A 5
B 7
C 8
Kangba

A 3]
B 7
C 9
Yaobhadou

A 6
B 8
C 9
Kponan

A 5
B 6
c 8

A: Raw yam flour; B: Baked yam flour and C: Boiled yam flour

cooking granules were wregular and heterogeneous forms
with granules starch of <50 um and >150 um were the
minority (10-15%). The range for the largest diameter was
wider between 50 and 150 pm for Assawa boiled or baked
(peak =100 um corresponding to 20-25%), Yaobadou
boiled and baked (peak = 100 um corresponding to
20-30%), Kponan baked (peak = 125 um corresponding to
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30%) and Kangba baked (peak = 100 um corresponding to
30%). This diameter varied between 12.5-150 pm (Kponan
boiled) and 12.5-125 pm (Kangba boiled) with a peak
of 75 and 50 pm, respectively for 25 and 30% of the total
population (Fig. 3).

The present study aimed at characterizing the
variation of composition and functional properties of yam
during cooking from four varieties most frequently
consumed 1n yam specle (Dioscorea cayenensis-
rotundata). The results of the minerals measurements
showed that yams are moderately good a source of
minerals and potassium was the major mineral present in
raw yam tubers (Table 1). This observation has been also
reported by previous studies (Jacotot and Leparco, 1992;
Wanasundera and Ravindran, 1994, Agbor-Fghe and
Treche, 1995, Sahore and Amani, 2005). Potassium,
caleium, sodium and phosphorus contents of the samples
(Dioscorea cayenensis-rotundata) were lower than those
reported by Wanasundera and Ravindran (1994) in
Dioscorea alata. But according to FAQ/WHO (1992) for

all minerals, yams on average are richer than cassava and
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sweet potato. In general, after cooking, mmerals levels
decreased and boiling decreased significantly minerals in
vam (p<0.05) than baking whatever the method of cooking
and the variety of yam. The decrease of minerals in boiling
than baking 1s due to their great solubility in water during
hydrothermal treatment, similarly to those reported by
Akin-Tdowu et al. (2009). Also, the results of alcohol-
soluble sugars composition in raw yam showed that
alcohol-soluble sugars levels are lower and sucrose 1s the
major component (Table 2). These results corroborated
previous studies where sucrose content is considerable
and range from 0.3-2.6 mg/100 g (Agbor-Egbe and Treche,
1995) in Dioscorea cayanensis-rotundata. The levels of
glucose and fructose were similar to those marked by
researchers Agbor-Egbe and Treche (1995). After
cooking, the values obtained fall in boiling due to the
hydrolysis of sugars during cooking as mentioned by
Bornet.

The determinations of titratable acidity, pH and oxalic
acid were of interest because of their alleged adverse
effect on mineral bioavailability. Also, alkaloids, linamarin
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and diosgenin make tubers of some species inedible or
poisonous (Coursey, 1967). Data showed that titratable
acidity was low m raw yam. After cooking, pH increased
and titratable decreased. The value of pH in cooked-yams
1s similartothe values of 5.90-613 reported for yams
by Kamenan et al. (1987) and 1t’s consistent with previous
study where Omonigho and Tkenebomeh (2000) had
found pH = 6 in yam after cooking. But the titratable
acidity 1s lower than 1.10 meq.g/100 g db estimated by
Omomgbo and Tkenebomeh (2000).

The oxalic acid content of raw tubers was lower than
those reported by Bradbury (1998) estimated to 17.6 and
12.7 mg/100 g db, respectively in D. alata and D.
esculenta and those of Sahore ef af. (2006) n wild yams
(5.4-12.9 mg/100 g db). In addition, the results showed
that boiling reduced significantly oxalic acid in yams than
baking. The results agree with those of Sahore et al.
(2006) that had found that boiling reduced oxalic acid in
wild yam about 20% due to their solubility in water and
their thermal sensitivity. So, results demonstrated that
boiling decreased acidity in yams than baking. Published
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data on anti-nutritional contents in edible yams are
limited. Tn this study, dicsgenin values in raw samples are
lower than those reported by previous studies estumated
to 0.06-1.38% m wild yams (Sahore ef af., 2006). Also,
the alkaloids levels are lower than those observed by
Sahore et ad., 2006 (107.6-246.2 mg/100 g db) in wild yams.
No comparable data on linamarin content of yams are
available but results showed that linamarin content i the
samples are very weak and decreased with cooking. The
decrease of anti-nutritional factors in boiling than baking
15 probably due to their water solubility as reported by
Bevan and Hirst (1958). Thus party of study demonstrated
that varieties of Dioscorea cayenensis-rotundata tubers
have weak quantities of anti-nutritional components and
decrease with cooking. The results are consistent with
previous studies where apart from cassava, the most
cultivated varieties of tubers and edible roots do not
contained any dangerous toxins after cooking (Coursey,
1967).

Previous studies showed that the major component
of yams (Dioscorea cayenensis-rotundata) is starch with
8% of the dry matter and miners” nutritional components
such as protein, lipid and fibre (Kouassi et al., 2009).
These findings confirmed the fact that yams are wmportant
staple foods in many tropical countries because of the
starch noted by (Chien-Chun). Before eating, yams are
generally processed. Thus, in order to elucidate the
possible changes in starch due to processing which might
explains the difference observed in starch digestion, we
examined swelling power, solubility, granules size
distribution and least gelatinisation concentration of
different sample flours. Data showed that cooked yam
flours do not absorb water and do not swell well as
temperature rises. In fact, in cooked-yams flours, damaged
starch are present in greater proportion and absorb large
quantities of water but do not retain it when heated,
resulting in slow swelling values when the cooked-yams
flowrs is heated as reported by Betancur-Ancona et al.
(2003). Thus 1s also due to a tight correlation between
starch granule diameter, gelatinization temperature and
amylopectin chair length distribution and a negative
relation with amylose content (Sasaki and Matsuki, 1998).
That 13 why amylose proportion was high n raw vam flour
and this proportion decreased with cooking (Table 3). In
fact according to Ndouyang, a weak value of least
gelatinisation concentration in food is associated with
great amylose content. Thus, the increase of least
gelatimsation concentration in cooked yam flours i due
to the loss of amylose during cooking because of starch
degradation or starch gelatinization. The results confirmed
the hypothesis reported by Betancur-Ancona et al. (2003)
which said that these phenomena could result from
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exuding of amylose when the starch granules of flours are
gelatinized and since amylose content is lower in the raw
flour its solubility percentage decreases. So, the decrease
of swelling power and increased of solubility in boiled
yam flours rather than balked yam flours while temperature
rises is due to the grandly gelatinization provoled by
boiling during cooking process. During beiling, the
assoclation of high temperature and high humidity alter
easily the physical and chemical state of raw starch
granules by taking up water and swelling (e,
gelatimzation) which irreversibly disrupts the crystalline
structure of the starch, making it able to be readily
hydrolyzed as reported by Englyst and Cummings (1987).
And, the high swelling and wealk solubility of baked yam
flours rather than boiled yam flour in heating 1s due to its
weak gelatimzation of its starch because there was no
external water added during sample cooking. This
observation is confirmed by granule size distribution
where raw starch granules and damaged starch granules
are observed (Fig. 3). In fact, the higher diameter
distribution (irregular and heterogeneous forms of the
majority of granule starch population) in boiling than in
baking shows that during cooking, starch gelatinized 1s so
much in boiling than in baking. This great gelatimzation
accelerated solubility in boiling flowr than in baking and
could provoke a rapid digestion of yams. This
observation 1s corroborated by Bomet when he reported
that starch stays i food 15 an important way under a few
more resistant and slowly digestible shapes. Very
recently, Arvidsson-Lenner et al. (2004) reported that
when starch in food gelatimzed during heat treatment,
higher 1s glycaemic response and glycaemic mdex.
Similary, Brouns et al. (2005) showed that the rate of
glucose entry nto blood and the duration of elevated
blood glucose are known to induce many hormonal and
metabolic changes that may affect health and disease
parameters. In this respect, low GT foods that we could
obtain with baking could be benefit to health.

CONCLUSION

On the basis of results obtained from the present
experimental stage, it can be found that anti-nutritional
and nutritional factors in yam Dioscorea cayenensis-
rotundata is low and decreased with cooking notably by
boiling. Furthermore, a strict dependence exists between
swellmg and solubility of yam as a consequence of
gelatimization due to the starch degradation during
cooking. From the technological peint of view, boiling
considerably affects structure of starch and provokes
more gelatinization which 1s associated to the increased of
rate of gluicose during consumption than baking.
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Although, boiling decreased the nutritional components
in yams to minimize the rate of glucose into digestion and
prevent metabolic diseases, we wish people could
mtegrate baking yam in their habit because it could be
dietary health food than boiling yam.
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