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ABSTRACT

Sweet potatoes are one of the major tuberous roots consumed around the world. The objective of the
present study was to determine the nutritional composition, glycaemic indices and glycaemic loads of selected
Sri Lankan sweet potato varieties, in order to address the inadequacy of information and the controversial
findings on glycaemic indices. Nutrient composition (moisture, ash, digestible carbohydrates, dietary fiber,
crude protein and fat) of boiled sweet potatoes, Gl and glycaemic loads (GL) of nine varieties were determined
using standard methods. Digestible carbohydrate content ranged between 29-88% on dry weight. Ash, crude
protein and crude fat contents of the varieties ranged between 3.1-5.0%, 3.0-5.9% and 2.6-5.3% on dry weight
basis (DW) respectively. The total dietary fiber content was above 9.5% DW in the studied varieties. Moisture
content of boiled sweet potato tubers were 72-81% on fresh weight basis and both the Gls (86-119) and GLs
(>20) were high. However, the GL reduced to medium or low when considering an actual edible portion for all
the varieties except for two varieties. Sweet potatoes are a good source of highly available carbohydrates
which elicit high Gls.
© 2021 International Formulae Group. All rights reserved.
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INTRODUCTION

Sweet potatoes (Ipomoea batatas L.),
ranked as the seventh most important food
crop in the World in terms of the production
are one of the major tuberous roots consumed
in over hundred countries around the world
(Doussoh et al., 2016; Mussoline and Wilkie,
2017). Sweet potatoes belong to family

© 2021 International Formulae Group. All rights reserved.

DOI: https://dx.doi.org/10.4314/ijbcs.v15i4.9

Convolvulaceae and are large, starchy and
sweet tasting. Currently sweet potatoes are
widely grown in many tropical, subtropical
countries and in different ecological regions
(FAO, 2016), as these tubers could withstand
many stressful conditions under many farming
conditions with low pesticides requirement.
The tubers can be harvested over a long
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period of time and thus considered as a typical
food security crop (Chandrasekara and
Kumar, 2016).

Carbohydrate is the major
macronutrient present in sweet potatoes. Low
crude fat (0.02- 4%) (Ukom et al., 2009;
Oluwalana et al., 2012; Ellong et al., 2014),
with wide variation of crude protein (1- 20%)
(Kamal et al., 2013; Senanayake et al., 2013)
and crude fiber (0.3- 15%) (Rose and
Vasanthakaalam, 2011; Ellong et al., 2014)
are present on dry weight basis. Sweet potato
varieties with white, yellow, orange and
purple flesh are rich sources of bioactive
compounds and antioxidants (Djinet et al.,
2014; Wang et al., 2018).

As one of the starchy roots consumed
by people in different regions of the World
including Sri Lanka, the knowledge on
glycaemic response of sweet potato tubers, in
terms of glycaemic index (Gl) and glycaemic
load is important. Such data on Sri Lankan
sweet potatoes are not available and other
reported data on glycaemic indices are
contradictory. Medium glycaemic indices
resulted for steamed (63 * 3.6), baked (64 +
4.3) and micro waved (66 = 5.7) sweet
potatoes (Allen et al., 2012) whereas some Gl
values for boiled sweet potatoes were low
(Foster-Powell et al., 2002; Bahado-Singh et
al.,, 2011) or ranged from low to high
(Atkinson et al., 2008).

Even though Sri Lanka produces a
variety of sweet potatoes reaching an annual
production of 40,000 tons in year 2017
(FAOSTAT, 2017), data on glycaemic indices
of the many varieties of sweet potatoes have
not been determined. Similarly, there are
limited data on nutritional composition of the
boiled ready to eat sweet potato varieties
available in Sri Lanka. Boiled sweet potatoes
are the commonest form of preparation by
many Asians. Therefore, the objective of the
present study was to determine the nutritional
composition of selected Sri Lankan sweet
potatoes prepared by boiling, and determine
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the glycaemic indices and glycaemic loads in
order to fulfill the lack of information for the
benefit of people.

MATERIALS AND METHODS
Sweet potatoes

The nine sweet potato varieties
selected for the study were Ama, Dhawala,
Wariyapola White (WW), Wariyapola Red
(WR), Hordi Malee (HM), CARI 273,
Ranabima, Gannoruwa White (GW), and
Makandura Purple (MP). Sweet potato
samples were collected from Plant Genetic
Resource Center Gannoruwa, Sri Lanka and
Agricultural Research Center, Makandura, Sri
Lanka.

Sweet potato flour and food preparation
for Gl study

Sweet potato samples were washed,
hand peeled (minimal removal of peel) and
trimmed to remove defective parts. The tubers
were chopped into medium sized pieces and
boiled as per home cooking by adding water
and boiling for 10-20 minutes as required for
each variety. The boiled sweet potatoes were
mashed and dried in the oven at 55 °C for 3-4
days. Dried samples were milled (IKA ® A1l
basic, New Zealand), sieved and stored (-20
°C) in tightly closed containers until subjected
to the nutrient composition analyses.

Boiled sweet potatoes for the GI study
was prepared as mentioned above. Boiled
sweet potato portion was served with onion
sambol (50 g prepared by grinding red onion
(35 g), pieces of dry red chilies (10 g), pepper
(2 g) and salt (1 g) mixed with (2 mL) lime
juice). Sample portion sizes of four sweet
potato varieties are presented in Figure 1.

Determination of nutrient composition
Flour made from boiled sweet potatoes
was used for the analyses. Moisture (AOAC,
1984), ash (AOAC, 2000), crude protein
(Kjeldhal method with the conversion factor
of 6.25) (AOAC, 1984), crude fat (method
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described by Croon and Guchs (1980) with
modification),  digestible  carbohydrates
(AOAC, 2005) (using enzymatic assay with
Megazyme total starch assay procedure
(amyloglucosidase/ a-amylase method; K-
TSTA-50A/K-TSTA-100A 06/17; Megazyme,
Ireland, without washing off simple sugars
present in the samples) were determined.
Dietary fiber contents including insoluble and
soluble dietary fiber determined using the
total dietary fiber assay kit (TDF 100A-1KT,
SIGMA ALDRICH, USA).

Determination of glycaemic response and
glycaemic index

Apparently healthy (n = 10, age 20-30
years) volunteers with BMI in the range of
18.5-23 kg/m? and not on any medical
treatment were selected for the GI and GL
determination study. As the portion size of a
50 g available carbohydrate portion was too
large to be consumed, the test meal of boiled
sweet potatoes containing an available 25 ¢
carbohydrate portion was used in the Gl
study. Glycaemic index was determined using
WHO standard procedure (FAO/WHO, 1998;
Brouns et al., 2005), after 8-10 hour fast for
each subject. Glucose was used as the
reference  food (25.000 g, gskGlaxco

Welcome Ceylon Ltd, Sri Lanka). Test meal
of boiled sweet potatoes was given to be
consumed within 15 minutes with 250 mL of
water to each volunteer. GI values of ten
individuals were averaged to calculate the Gl
of each variety. Glycaemic load of sweet
potato samples were calculated with available
digestible carbohydrate content (g) in a
serving size and the sample’s GI (Venn et al.,
2006).

Statistical analysis

Proximate data are presented as
meanxSD. Significances were calculated at
95% confidence interval. The glycaemic index
data are presented as meantSEM. The data
were analyzed using the statistical software
(SPSS) and Microsoft Office Excel 2010.

Ethical clearance

Ethical clearence for the study was
obtained from the Ethical Review Committee
of the Faculty of Medical Sciences, University
of Sri Jayewardenepura (ERC no: 48/15).
Informed written consent was obtained from
each volunteer prior to the study and they
were informed that they can withdraw from
the study at anytime.

(© (d)

Figure 1: Sample portion sizes of some sweet potato varieties ((a) Ranabima (b) Wariyapola Red

(c) Ama (d) Gannoruwa White).
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RESULTS
Nutrient composition

The moisture, ash, crude protein and
fat contents, digestible carbohydrate contents
determined using enzymatic assay procedure
and total dietary fiber contents, including
soluble and insoluble dietary fiber of sweet
potatoes are presented in Table 1.

The moisture content of boiled sweet
potatoes ranged from 71.5% - 80.6%. The
contents of ash, crude protein and crude fat
each were less than 6% (dry weight basis)
with the highest (P < 0.05) crude protein
found in MP variety. Carbohydrate was the
major nutrient present in all the tested sweet
Digestible
content of sweet potatoes ranged from 29% -
88% (dry weight, DW) with Makandura
Purple variety having the highest (P < 0.05)
digestible carbohydrate whereas CARI 273
contained the lowest (P < 0.05). Total dietary
fiber content of all the sweet potatoes were
above 9.5% on DW, with higher contribution
from insoluble dietary fibers.

potato varieties. carbohydrate

Glycaemic index and glycaemic load
Portion sizes provided for glycaemic
index determination, glycaemic indices, and
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glycaemic loads of selected sweet potato
varieties are presented in Table 2. Blood
glucose peaked at 30 min after consuming
majority of sweet potatoes and the peaks were
lower or similar (123-138 mg/dL) to glucose
(132-143 mg/dL) except
variety. All the sweet potato varieties elicited
high GI values (86-119) and high glycaemic
load values (> 20) for the portion used to

for Ranabima

determine the GI. Among the varieties studied
Ama had a comparatively lower GI (86)
followed by HM (89) compared to other
varieties.

The GL of the given portion was high
(>20) for the
according to the participants the portions
given to determine the GI (containing 25 g of
digestible carbohydrate) were too large to be

all varieties. However,

consumed except for MP variety (Table 2).
When the portion sizes were reduced to actual
edible portion sizes, all the varieties had
medium or low glycaemic loads except
Wariyapola White and Makandura Purple
Thus consumption in moderate

quantity would not produce high glycaemic

varieties.

response.
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Table 1: Moisture, ash, crude protein, fat, digestible carbohydrate, insoluble, soluble and total dietary fiber contents of boiled sweet potato on dry weight (g/100g)

basis.
Sweet Moisture % Ash% Crude Crude fat Digestible Dietary fiber (DF)%
potato Boiled tubers Flour protein % % carbohydrate  Insoluble DF  Soluble DF  Total DF %
variety (fresh weight)
Ama 77.2+1.0° 5.5+0.12 4.8+0.32 3.0+£0.32 2.6 +0.3? 39.4+0.6° 11.1+0.12 3.8+£0.12¢ 14.940.12
Dhawala 72.9+1.2° 7.2+0.2° 3.7£0.13b 3.8£0.1° 4.7+0.4 47.7+0.8° 9.1+0.1° 0.6+0.1° 9.70.1°
WW 71.5+1.6° 5.0£0.2° 3.1+0.1° 4.5+0.2° 4.1+0.20¢ 61.8+0.5°¢ 9.7+0.1° 3.6+0.12¢ 13.3£0.12°¢
WR 77.5+1.42 7.3+0.3° 3.5+0.12b 3.0+0.12 4.4+0,5 34.3+0.5¢ 8.7+0.1° 2.6+0.1° 11.3+0.1°
HM 74.9+2.0° 4.4+0.1° 3.7£0.12 3.0£0.12 3.8+0.2°¢ 43.8+0.3° 10.1+0.12 2.5+0.1° 12.6+0.1°
CARI 273 78.5+1.52 6.0£0.12 4.0£0.12 3.0£0.12 3.60.5°¢ 29.0+0.7¢ 10.1+0.12 2.9+0.1° 13.0+£0.1 3¢
Ranabima 81.3+1.0° 7.7+0.1° 4.2+0.32 3.3+£0.22 5.3+0.4° 31.4+0.79¢ 10.4+0.12 2.5+ 0.1° 12.940.13¢
GW 78.6+1.52 9.8+0.1¢ 5.0£0.12 4.5+0.2° 4.5+0.3" 39.9+0.6° 9.0£0.12 9.1+0.1¢ 18.140.1°
MP 72.4+1.4° 8.8+0.2 3.3+0.12  5.9+0.2 3.8+0.20¢ 88.4+0.99 6.9+0.1¢ 2.7+0.12 9.6+0.1°

Data presented as mean = SD; FW- Fresh weight; n=5; In each column, different superscripts indicate varietal significant differences at P < 0.05. (Wariyapola White (WW), Wariyapola Red (WR), Hordi

Malee (HM), Gannoruwa White (GW), Makandura Purple (MP)).
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Table 2: Portion sizes given for glycaemic index determination, glycaemic indices, glycaemic load
values, average estimated edible portion sizes and glycaemic load values for edible portion sizes of

sweet potatoes.

Variety Portion Glycaemic Glycaemic Edible Estimated Glycaemic

name size (g) index load proportion from  edible portion  load for edible
(= SEM) given portion size (9) portion

Ama 287 869 22 (H) 1/2 144 11 (M)

Dhawala 194 103+9 26 (H) 3/4 146 19 (M)

Ww 144 119+7 30 (H) 3/4 108 22 (H)

WR 324 100+7 25 (H) 1/2 162 13 (M)

HM 224 89+9 22 (H) 1/2 112 11 (M)

CARI 273 407 104+7 26 (H) 1/4 102 7 (L)

Ranabima 416 119+6 30 (H) 1/4 104 7(L)

GW 311 11148 28 (H) 1/2 156 14 (M)

MP 106 104+9 26 (H) 1 106 26 (H)

N=10; SEM = standard error of the mean; H-high glycaemic load (GL[>20]); M-medium GL [>10-19]; L-low GL [1-10];
(Wariyapola White (WW), Wariyapola Red (WR), Hordi Malee (HM), Gannoruwa White (GW), Makandura Purple (MP)).

DISCUSSION

Moisture content of boiled varieties
comprised more than two third of the weight
irrespective of variety. The protein contents of
the studied tubers were similar to that of
Jamaican varieties while comparatively higher
in fat contents (Bahado-Singh et al., 2011).
Differently processed sweet potatoes (raw,
baked, steamed, and dehydrated sweet
potatoes) contained 1.0 + 0.7% fat and 7.6 +
0.9% protein (Allen et al., 2012) where the fat
content was lower and protein was higher
compared to present study. However,
compared with boiled manioc (Hettiaratchi et
al.,, 2009; Famurewa et al., 2013), sweet
potatoes had higher protein and fat contents
thus nutritionally better. Digestible starch
contents of Nigerian sweet potato varieties
(Afolabi et al., 2016) were within the range of
present study results. Considering the dietary
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fiber contents reported in the present study,
comparatively higher total dietary fiber
contents (31 + 14%) were found in raw,
baked, steamed, and dehydrated sweet
potatoes (Allen et al., 2012). Thus sweet
potatoes could be a source of prebiotics which
promote the action of probiotics in human
gastrointestinal tract since the tubers contain
considerable amount of dietay fiber (Park and
Floch, 2007).

Based on the Gl determination, the
decline in blood glucose following peaking
was slower for all sweet potato varieties when
compared to glucose response (Figure 2)
indicating that high blood glucose levels were
maintained for an extended period. The rapid
peaking may be due the presence of free
maltose and rapidly digestible starch in the
tubers (unpublished data). The slower decline
in blood glucose may be due to slower gastric
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emptying rate contributing to maintain
extended exposure to enzymatic digestion
releasing glucose to maintain higher blood
glucose. This was further confirmed by the
response received from the volunteers who
said that they were not feeling hungry even
after 2 hours. The high insoluble dietary fibre
may have contributed to the slower gastric
emptying rate. The heat stable alpha and beta
amylases in sweet potatoes (Hagenimana et
al., 1994) contributing to increase the maltose
(Eo et al.,, 2016) content in boiled sweet
potatoes may also contribute to high peak and
high Gls. The dietary fiber contribution in
boiled tubers thus is not adequate to overcome
the effects of above factors to reduce the Gl
(Monnier et al., 1978).

Glycaemic index of boiled potatoes
from different countries ranged between 56 to
118 against glucose (Atkinson et al., 2008).
The estimated in vitro glycaemic index (Gl)
value of sweet potato was 62.37% (Afolabi et
al., 2016). The GI of boiled Jamaican sweet
potatoes were 41+5 —50+3 and comparatively
lower than the GI reported for other different
cooking methods such as frying (63+2-77+4),
baking (82+3-94+3) and roasting (79+4-
93+2) (Bahado-Singh et al., 2011). In the
above study the portion sizes for the Gl
determination had been calculated based on
the  available  carbohydrate  contents
(calculated by difference) and for boiled
samples portion sizes were reported as 218 g
— 346 g (50 g available carbohydrate portion)
(Bahado-Singh et al., 2011). The portions of
the present study in comparison to other

studies were large as the digestible
carbohydrate contents were lower than
carbohydrate contents reported in many

studies which were calculated by difference,
except for MP variety (Bahado-Singh et al.,
2011; Ellong et al., 2014; Afolabi et al., 2016)
and the high amount of moisture (72- 81%) in
boiled tubers.

Although there were no published data
on Gl of Sri Lankan sweet potato varieties,
when compared with some reported data on
sweet potatoes from different countries
(Foster-Powell et al., 2002; Atkinson et al.,
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2008; Bahado-Singh et al.,, 2011),
comparatively higher Gl values were
observed. This could be due to overestimation
of available carbohydrate content in all above
studies as it was calculated by difference. The
overestimation of available carbohydrates will
inevitably lead to an underestimation of
portion sizes eliciting lower glycaemic
response and Gls. In addition, the agro-
climatic differences and varietal differences
may also contribute the nutrients present in
the tubers (Ukom et al., 2009).

The high GI values which indicate
high digestibility and maximum glucose
release to blood stream and maintenance of
high levels for an extended period makes
these sweet potatoes ideal for consumption by
individuals such as athletes who are
recommended to consume high glycaemic
index foods during period of exercise to
ensure rapid digestion and absorption, leading
to elevated blood glucose levels during
exercise. Post exercise meals should also
consist of high glycaemic index carbohydrate
foods as low glycaemic foods do not induce
adequate muscle glycogen re-synthesis
compared with high glycaemic index foods
(Walton and Rhodes, 1997). Similarly high
Gl energy dense foods which are easily
digested are beneficial to fulfill the energy
and nutritional  requirement  of  the
malnourished individuals, including elderly
(Fatima and Khan, 2015) and growing
children who have lower food intakes, as high
Gl foods are more palatable (Warren et al.,
2003). Therefore, incorporation of boiled
sweet potato in the meals or using flour in
producing food for children, elderly and
athletes who require energy dense foods with
added provision of vitamins, minerals, fibers
and antioxidants can be highly recommended.
For others who desire to consume any variety
of sweet potato, a low GL portion can be
calculated using the data (Gl and available
carbohydrate) obtained in the present study.
This data thus will also be useful to
nutritionists and dieticians.
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Figure 2: Glycaemic curves of sweet potato varieties and standard glucose.
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