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ABSTRACT

Sweet potatoes have various physical characteristics
based on their flesh colors. Two selected sweet potato
(SP) with white (WF) and yellow-fleshed (YF) colors
were collected from local market and analyzed their
textural characteristics using an Uniaxial compression
and Texture Profile Analysis (TPA) test. The study was
conducted at the Food Processing Technology Laboratory,
Faculty of Food Science Technology, University of Putra
Malaysia. All textural attributes were collected from the
samples treated with steaming for 5, 10, 15 and 20
min. The moisture content of the samples were
determined before and after steaming. The results showed
that the moisture content of WF was lower than YF
both before and after steaming, which could be declared
as a typical moisture content for each flesh color. This
resulted in a greater peak deformation or firmness of
the fresh tuber found in WF relative to YE Steaming
SP for 5 min exhibited the “raw” properties tissue, whereas
steaming for more than 10 min would generate the
“cooked” tissue that significantly affected the textural
characteristics. The hardness level decreased considerably
along with the time of steaming and was similar for
both flesh colors after 15-min steaming. The WF was
less adhesive and less elastic; however, it had less
chewiness than that of YE This suggests that the use
of WF as a raw material for mashed products would
have advantages, such as easiness to mash, less tendency
to stick with the cooking tools, and less elastic.
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ABSTRAK

Ubijalar memiliki sifat fisik yang berbeda berdasarkan
warna daging umbinya. Dua jenis ubijalar masing-masing
mempunyai daging umbi berwarna putih dan kuning
yang diperoleh dari pasar lokal, dianalisis karakteristik
teksturnya menggunakan uji kompresi Uniaksial (Uniaxial
compression test) dan Analisis Profil Tekstur (Texture
Profile Analysis TPA). Penelitian dilakukan di
Laboratorium Prosesing dan Teknologi Pangan, Fakultas
[Imu dan Teknologi Pangan, Universitas Putra Malaysia.
Sampel dikukus selama 5, 10, 15 dan 20 menit dan
selanjutnya diuji karakteristik teksturnya. Kadar air umbi
segar dan umbi kukus juga diamati. Hasil penelitian
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menunjukkan bahwa kadar air umbi putih lebih rendah
dibandingkan umbi kuning baik pada umbi segar
maupun umbi setelah dikukus. Hal ini menunjukkan
tipikal kadar air alami atau genetis dari masing-masing
kultivar yang diuji. Perbedaan kadar air tersebut
menyebabkan nilai deformasi puncak ataupun
kekompakan (firmness) umbi segar dari ubijalar yang
berwarna putih lebih besar dibandingkan dengan umbi
kuning. Pengukusan umbi selama 5 menit menunjukkan
karakteristik jaringan umbi yang “mentah”, sedangkan
pengukusan lebih dari 10 menit menghasilkan jaringan
“matang” yang berpengaruh nyata terhadap karakteristik
tekstur umbi kukusnya. Tingkat kekerasan umbi menurun
secara signifikan seiring dengan lama waktu pengukusan
dan nilai keduanya relatif sama setelah pengukusan
selama 15 menit. Umbi kukus dari kultivar ubijalar putih
memiliki daya rekat dan nilai kekenyalan lebih rendah
dibandingkan dengan ubijalar kuning, juga kurang elastis.
Hal ini menunjukkan bahwa penggunaan ubijalar putih
sebagai bahan baku produk pasta memiliki keunggulan,
antara lain mudah dihaluskan, tidak mudah lengket
pada peralatan masak yang digunakan, dan
elastisitasnya rendah.

Kata kunci: daging ubi, pengukusan, tekstur, ubi jalar

INTRODUCTION

Cooking is a generic term for all hydrothermal
treatments. Cooked products present a large diversity
of structural, sensory and functional properties
according to the methods and intensity of cooking.
Such effects were reported on sweet potato tubers
(Bahado-Singh et al. 2011; Ellong et al. 2014;
Owusu-Mensah et al. 2016; Ogliari et al. 2020), in
relation to a wide characteristic variation of the flesh
colors. Different heat treatment methods, such as
open cooking, pressure cooking, and baking, gave
different profiles of sweet potato texture (Nwosisi
et al. 2019). Blanching sweet potato at 62°C for
30-45 min before canning was beneficial in
improving sensory acceptability, and retaining
firmness and wholeness of canned sweet potato
(Truong et al. 1998). On baking, the texture profile
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parameters were influenced by the storage period
of tubers (Ando et al. 2018), whereas roots baked
at 180, 200, and 230 °C were significantly less
resistant to compression than at 150 °C (Losh et al.
1981). Controlling the pH of sweet potato strips
prior to frying using acid and base treatments were
reported as an attempt to increase the firmness of
cooked sweet potato sticks and chips (Utomo 2009,
Fadhil 2018).

The texture is an essential factor of the food quality
attribute of many foods, including tuber crops. It is
an important factor in consumers’ perception of
quality and acceptability (Tunick 2011; Sajeev et
al. 2012; Lillford 2018). A great deal of research
has been conducted on potato to explain the causes
of textural differences among varieties and processed
products (Fauster et al. 2018; Park et al. 2020; Halim
2020). Similar studies were also performed for sweet
potato (Nafeesa et al. 2012; Sajeev et al. 2012;
Laryea et al. 2019; Nwosisi 2019), as well as the
effect of cooking, such as steaming and boiling on
the texture of sweet potato (Rosanna et al. 2015).

Uniaxial test and Texture Profile Analysis (TPA)
were employed to determine textural properties of
most solid foods and to establish a correlation
between instrumental and sensory measurements
(Goldner et al. 2012; Brenner and Nishinari 2014;
Li et al. 2020). The parameters of TPA were
correlated with sensory texture attributes of
restructured products from sweet potato puree
(Utomo and Rahman 2015). Different cooking times
may result in different texture profile characteristics
of sweet potato tubers (Shaliha et al. 2018). The
textural properties of cooked tubers also significantly
vary between white, cream, and orange sweet potato
(Sajeev et al. 2012). Therefore, this study was
performed to determine the texture profile
characteristics of sweet potato having yellow-fleshed
and white-fleshed colors treated with different
steaming times. This information would be useful
for food processing industries, particularly those
which use steamed and mashed sweet potato tubers
as ingredients for the products.

MATERIALS AND METHODS

The yellow-fleshed (YF) and white-fleshed (WF)
sweet potatoes were purchased from Pasar Borong
Selangor, Malaysia. These cultivars are usually
available throughout the year. The research activity
was conducted at the Food Processing Technology
Laboratory, Faculty of Food Science Technology,
University Putra Malaysia.

A middle portion of each raw tuber was cut
transversely to the long axis into 3.5 cm thick slab.

Using a cork borer with 1.35 cm diameter (No. 10,
Cork borer, Ambala, India) cylindrical samples were
taken from each slab. Samples were taken at the
inner tissue of the tubers at an approximately 1 cm
distance from the tuber skin. The cylinders were
then steamed at 100 °C for 5, 10, 15, and 20 min
using a universal steamer (CPC 61, Rational,
Germany). The steamed cylindrical specimens were
trimmed to 2.2 cm height before texture
measurement.

The moisture content of both raw and cooked
samples was determined using an oven method
(AOAC 2005). Approximately 4 g of samples were
dried at 105 °C in an aluminum cup overnight or
until a constant weight was achieved. The percentage
of weight loss was calculated as the moisture content.
The determination was repeated three times for each
individual sample.

An uniaxial compression test was performed using
a Texture Analyzer TA.TX2i (Stable Microsystems,
Godalming, Surrey, United Kingdom). The steamed
cylindrical pieces were compressed longitudinally.
A cylindrical flat-end probe with 50 mm diameter
(P/50 probe) was used. The constant test speed was
1 mm/s, and the compression traveled 75% of its
initial height. The peak force-deformation curves
were obtained for 15 replicates per sample.

Texture profile analysis (TPA) was performed using
a Texture Analyzer TA.TX2i (Stable Microsystems,
Godalming, Surrey, United Kingdom). The
instrument was fitted with a TA-50 probe (50 mm
diameter cylinder). The specimens were compressed
longitudinally for two cycles. The test conditions were:
pre-test speed 2 mm/s, test speed 1 mm/s, post-
test speed 2 mm/s, the time between two cycles 5
seconds, and degree of compression 35% of its initial
height. TPA parameters were then calculated
(Nishinari et al. 2013).

Data collection and analysis were accomplished
by the EXTRAD Dimension Software that was
supplied with the Texture Analyzer. For the Uniaxial
compression test, the data of peak force or firmness,
was obtained from the force deformation curves.
Hardness, adhesiveness, springiness, and chewiness
were measured by the Texture Profile Analysis (TPA)
method (Nishinari et al. 2013).

The study was performed using the factorial
completely randomized design with two factors,
the first factor was the sweet potato flesh color (white
and yellow), while the second factor was steaming
time of 5, 10, 15, and 20 min and the study was
repeated 15 times. The data collected were analyzed
using an analysis of variance (ANOVA), and
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significant differences among means were determined
by Duncan’s Multiple Range Test (DMRT) using
MSTAT-C statistical software.

RESULTS AND DISCUSSION

Force Deformation of Fresh Tubers

The force-deformation curve of the uniaxial
compression test for two fresh sweet potato flesh
colors is shown in Fig. 1. Regarding the uniaxial test,
the data obtained is the peak force-deformation when
the sample breaks. This value shows the force
required for deforming the sample and expressed
in Newton (N). The fresh sweet potato generated
curves with a steep slope and a sharp peak force at
fracture. The peak force-deformation of WF was
found to be higher than that of YE The maximum
force needed to deform the specimen of WF was
349.36 N, whereas it was 298.15 N for YE Sajeev
et al. (2012) also noted a higher firmness of white-
fleshed varieties (90.19-106.01 N) relative to cream-
fleshed varieties (88.47-89.76 N). The differences
in peak force-deformation values might be affected
by moisture content or the structure of internal cell
of sweet potato flesh tissue.

Fig. 1 exhibits a typical deformation pattern of
rigid plant materials under loading. The fracture was
the shear-type along 45° rupture plane (Truong et
al. 1997). It has been recognized that in raw plant
tissue, cell turgor pressure and cell wall strength
account for tissue stiffness and the mode of failure
(Singh et al. 2014, Nwosisi et al. 2019). Similar force-
deformation curves and fracture type under uniaxial
compression have been reported in fresh apples and
potatoes (Khan and Vincent 1993). In raw sweet
potato, the thickness of cell walls is about 838 nm,
and it is approximately half of carrot cell walls thickness
(Zhang et al. 2018). The cell walls show extensive
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folding, and the primary cell wall consists of fibrous
substructure, probably cellulose fibrils, which are
loosely woven together in a pattern and embedded
in an amorphous matrix (Harris and Smith 2006).

Numerous intercellular spaces were observed,
and the lower the number of intercellular spaces,
the lower the water filling the space, and the firmer
the tissue. Sweet potatoes with high dry matter
content or low moisture content (both are
negatively correlated) normally have a firmer and
harder texture than those with higher moisture
content (Nwosisi et al. 2019). This fact probably
supported the consequence that WF generated a
higher peak force-deformation than YF due to its
lower moisture content. Based on the laboratory
analysis, the moisture content of WF and YF fresh
tubers was 73.35% and 78,04%, respectively.
Lower moisture contents in the white-fleshed
varieties (70.16-73.02%) were also recorded by
Sajeev et al. (2012) than those of the cream-fleshed
varieties (76.47-76.77%), suggesting the typical
moisture content of sweet potato based on the flesh
color.

Moisture Content
of Steamed Sweet Potato

Changes in moisture contents of both sweet
potatoes treated with different steaming times are
presented in Table 1.

The moisture content showed a significant
difference (P<0.05) between WF and YE WF had
lower moisture contents both for the fresh and
steamed tubers than those of YE Even though there
was a tendency for the moisture content to increase
along with the steaming time, however, the effects
were not significant (P>0.05) within each flesh
color.
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Figure 1. Force-deformation curve of uniaxial compression test for fresh sweet potato derived from two flesh colors.
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Table 1. Interaction between flesh color and steaming time
on moisture content and peak force deformation
of steamed sweet potato

Flesh color Steaming Moisture Peak force
time (%) deformation
(min) (N)
White (WF) 5 72.82 ¢ 1981 @
10 73.59 © 6.98 ¢
15 73.43 © 6.28 ¢
20 74.84 ® 5.07 ¢
Yellow (YF) 5 75.97 & 12.94 ®
10 76.95 2 5.09 ¢
15 76.87 @ 5.08 ¢
20 76.31 @ 471 ¢
CV (%) 0.77 35.67
DMRT 1.00 5.59

Means within a column followed by different letters are significantly
different at P<0.05, N = Newton

A similar pattern of moisture content during
steaming was observed for both flesh colors, except
after 15 min of steaming. A slight decrease in moisture
content occurred during the first 5 min of steaming
that might be due to evaporation, especially in the
surface of the specimen that took place immediately
when it was subjected to steaming. The moisture
content of WF decreased from 73.35% to 72.82%,
whereas it was 78.04% to 75.97% for YE This case
was in agreement with the previous study proofing
that water evaporation occur during steaming,
resulting in a slight increase in dry matter content
of cooked sweet potato (Truong et al. 1997).

The increase in moisture content after 5 to 10
min of steaming indicated that hydration and
gelatinization were undergoing, even though it was
not significantly different (P>0.05). The moisture
content slightly increased, suggesting that the starch
molecules continued to swell by absorbing water,
and the gelatinization process was initialized (Li et
al. 2013). The moisture content was increased by
0.77% and 0.99% for WF and YF, respectively.
Steaming the sweet potato specimens for another
5 min might result in continued swelling and
gelatinization of the starch granules. At the end of
15-min steaming, the moisture content was found
to decrease slightly for both flesh colors. However,
at the end of steaming (20 min), WF showed a
significant (P<0.05) change of moisture content.
This condition might be due to a higher dry matter/
starch or amylose content of WF than YF, thus it
required more external water throughout the
gelatinization process. Absorption of external water
would be stopped once the cellular water was
sufficient for the gelatinization process (Li et al. 2013).

The previous study also noted an increase in
moisture content of sweet potato tuber from 75.95%
to 79.65% after steaming for 10 min and becoming
83.10% after boiling for 15 min (Eke-Ejiofor and
Onyeso 2019).

Peak Force-deformation
of Steamed Tubers

Texture attributes of samples were evaluated by
two methods of measurement i.e. uniaxial
compression test and TPA test. Uniaxial compression
test was conducted to identify the hardness of the
specimens when it was compressed until completely
deformed. TPA was a non-destructive compression
test producing rheological characteristics of solid
samples (Nishinari et al. 2013; Nishinari and Fang
2018). Table 1 shows the changes of peak force-
deformation in the samples during steaming. The
decreasing of peak force-deformation occurred after
the first 5-min of the heating process, however,
prolonged the steaming time to 10 min up to 20
min did not significantly (P>0.05) affect the peak
force-deformation for both flesh colors. WF
generated a higher peak force deformation value
in the first 5 min of steaming than YE The peak
force-deformation values of WF samples steamed
for 10, 15, and 20 min were 3-fold lower relative
to 5-min steaming, whereas it was 2.5-fold lower
for YE Incomplete gelatinization process until 5 min
of steaming might be attributed to such differences;
thereby, the texture of the tubers was yet firm.

The force-deformation graphs of the steamed
tubers are shown in Fig. 2 and Fig. 3. The curve
was dissimilar compared with that of the fresh tuber
(Fig. 1). Unsharp peak force-deformation indicated
that no fracture was detected, and modification of
cell and tissue occurred. The heat treatment on the
specimens disrupted cell integrity and cell adhesion,
resulting in a decrease in tissue rigidity. Steaming
for 5 min remarkably decreased the peak force-
deformation, indicating that physical changes
occurred. Furthermore, the peak force-deformation
continuously declined until 10 min of steaming due
to major changes in texture for both flesh colors.
The decline in textural attributes is composed of
two first-order mechanisms, a quick and a slow
softening (Farahnaky et al. 2012, Aamir et al. 2013,
Dekker et al. 2014) that is caused by a decrease in
cell stiffness as starch gelatinized and the cell wall
bonding is weakened due to swelling pressure.
Complete deformation of cell structure is
accompanied by a considerable cellular collapse and
disorganization of interface cells (Sajeev et al. 2012;
Wang and Copeland 2013; Ai and Jane 2015). The
proportion of amylopectin and amylose in the tuber
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Figure 2. Force deformation curves of uniaxial compression test of WF (white flesh color) at different steaming time.
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Figure 3. Force deformation curves of uniaxial compression test of YF (yellow flesh color) at different steaming time.

starch may thus account for the texture attributes
in food products, including stickiness, resistance
against shear stress, swelling of starch granules due
to heat, solubility, tackiness, stability of gel, cold
swelling, and retrogradation (Satin, 1998). Besides,
the structure of starch granules is a major
determinant of textural traits in the tuber and root
crops (Charoenkul et al. 2011).

Texture Profile Analysis (TPA)

The TPA values, including hardness, adhesiveness,
springiness, and chewiness of steamed tubers for 5
min up to 20 min are listed in Table 2. The interaction
effects of flesh color and steaming time were
significant, suggesting that both factors are essential
in dictating the texture profiles of steamed sweet
potato.

The hardness of both sweet potato flesh colors
sharply declined during steaming. The hardness of
WF was significantly (P<0.05) greater than YF for
the first five and 10-min steaming, however afterward
no significant difference was observed. Also,
steaming for 5 min showed a significant hardness
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(P <0.05) compared to other steaming times within
flesh color. The decrease in hardness was parallel
with the increase in moisture content (Table 1); the
lower the moisture content, the higher the hardness/
firmness (Nwosisi et al. 2019). Nicoletto et al. 2018
recorded 40% decrease in firmness/hardness after
steaming the fresh tubers for 30-35 min. Greater
hardness values relative to this study finding were
noted for white and cream flesh colors originated
from Kerala, India, c.a. 17.23-26.84 N and 9.36-
16.06 N, respectively after 20 min-steaming (Sajeev
et al. 2012). In the present study, a positive
correlation (r = 0.92) between hardness and peak
force-deformation was obtained, suggesting
considerable textural changes of the tubers during
the steaming process (Fig. 4). Yoon et al. 2018
revealed a positive correlation between the hardness
of the cooked sweet potato tubers with the starch
content (r = 0.64).

The adhesiveness changes were affected by
different steaming times for both flesh colors. YF
showed significantly greater adhesiveness (P<0.05)
than that of WF, particularly after 10 min and 20-
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Table 2. Interaction between flesh color and steaming time on texture profile of steamed sweet potato

Flesh color Steaming time (min) Hardness (N) Adhesiveness (Ns) Springiness (%) Chewiness (N)
White (WF) 5 18.17 @ 0.073 4 91 2 294.01 ®
10 1155 b 0.104 4 83 « 201.65 ¢
15 7.18 ¢ 0.143 « 82 o 120.47 «
20 496 ¢ 0.129 o 80 4d 69.22 d
Yellow (YF) 5 16.78 2 0.136 « 86 ab 321.30 2
10 6.35 ¢ 0.201 b 90 2 155.91 ¢
15 448 ¢ 0.264 2> 88 2 114.25 «
20 448 ¢ 0.287 @ 86 ab 115.38 «
CV (%) 33.67 16.70 50.08 54.24
DMRT 2.78 0.09 7.45 60.77

Mean within a column followed by different letters are significantly different at P<0.05. N = Newton, Ns = Newton second
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min steaming, while it was similar for 5 and 10-min
steaming. The adhesiveness of YF increased
significantly (P<0.05) during steaming. In contrast,
it was not significant for WF, even though the values
tended to increase when steamed for 10 min and
15 min and decreased at 20 min (Table 2).
Adhesiveness was defined as “the work necessary
to overcome the attractive forces between the surface
of the samples and the surface of other materials
with which the sample comes in contact” (Nishinari
et al. 2019). In terms of sweet potato, adhesiveness
relates with the stickiness of the tuber surface after
cooking as a result of starch gelatinization. The level
of adhesiveness might be linked to the dry matter
content (Nicolette et al. 2018), which is associated
with the components of starch (amylose and
amylopectin). This may group sweet potato as dry
or mealy, intermediate, and moist after cooking
(Truong et al. 1997). The increase in adhesiveness
was in line with the steaming time following the step
of the gelatinization process. Negative adhesiveness
values were reported by Sajeev et al. (2012) for
white and cream flesh colors that ranged from

20.00

15.00
Peak force-deformation (N)

Figure 4. Correlation between hardness and peak force-deformation of two sweet potato flesh colors at different steaming
time.

25.00

-0.23 Ns up to -0.63 Ns and -0.33 Ns up to -0.47
Ns, respectively, suggesting that multiple breaks or
fractures occurred, and no inherent stickiness was
detected, thus giving a negative value of
adhesiveness (Nishinari et al. 2019). The negative
adhesive value written in this case may be due to
the TPA adhesiveness image, which is depicted at
the bottom of the X axis. However, the adhesiveness
value is an absolute power required to remove the
sample from the probe surface; thus the negative
sign can be ignored.

Springiness relates to “how well a product springs
back after it has been deformed or to its un-
deformed condition after the deforming force is
removed”, which indicates the elasticity of the product
(Razavi and Karazhiyan 2012; Zhu and Sun 2019).
Steaming for 5 min up to 20 min obviously had no
significant effect (P>0.05) on springiness, particularly
for the YF, while the effect was only seen at 5 min-
steaming for WF (Table 2). Springiness did not differ
for each flesh color when steamed for 10 min up
to 20 min. This may relate to the gelatinization
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Figure 5. Correlation between chewiness and hardness of two sweet potato flesh colors at different steaming time.

process that occurred after 5 min of steaming.
Furthermore, prolonged steaming time caused no
significant change in moisture content, except it slightly
increased at 20 min-steaming for WF (Table 1). This
resulted in no significant differences noted in
springiness (Table 2). Sajeev et al. (2012) also
reported a similar springiness for both white and
cream sweet potato varieties that ranged from 91.9-
96.4%, slightly greater than the values obtained at
the present study.

The chewiness was measured as the energy
required masticating a solid food involving
compressing, shearing, piercing, grinding, tearing,
and cutting (Sajeev et al. 2012). The chewiness of
both WF and YF was significantly (P<0.05) affected
by the time of steaming (Table 2). Table 2 shows
that the chewiness of WF decreased almost linearly
during steaming, while it declined sharply for the
first of 10 min for YF and slightly went down
thereafter. Chewiness is a mathematical calculation
of hardness, cohesiveness and springiness. In this
study, chewiness was highly affected by hardness (r
= 0.84), as presented in Fig 5, and hardness is closely
related to moisture content of the steamed tubers
as discussed previously. Smaller values of chewiness
were previously reported in white and cream flesh
colors, c.a. 4.56-5.89 and 1.80-4.21, respectively
(Sajeev et al. 2012).

CONCLUSIONS

Both white (WF) and yellow (YF) sweet potato
flesh colors exhibited different textural characteristics.
The moisture content of WF was lower than YF,
which could be declared as typical moisture content
for both flesh colors. Steaming of the tubers for 5
min performed the “raw” properties tissue, whereas
steaming for more than 10 min would generate
“cooked” tissue that significantly affected the textural
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characteristics. The level of hardness decreased
considerably along with the time of steaming and
was similar for both flesh colors after 15-min
steaming. The WF was less adhesive and less elastic
but was less chewiness than YE The use of WF as
a raw material for mashed products would give
several advantages, such as easiness to mash, less
tendency to stick with the cooking tools, and low
elasticity.
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