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Purple-flesh sweet potatoes (Ipomoea batatas L.) are commonly consumed as boiled
tuber, traditional cakes and crispy snacks. Developing instantized purple sweet potato
powder (IPSPP) from this tuber serves as a vehicle for adding value to this local
commodity. Most of studies related to the production of powder from tubers focused
only on the antioxidant and physical properties and not much research has been done
on the resistant starch. Therefore, this study was carried out to evaluate the effects of
processing methods and storage temperatures on the antioxidant, physical and resistant
starch contents of IPSPP. IPSPP was produced using a double drum drier (set at 2 rpm
and steam pressure of 3 bars). The first part of the research involved studying the
effects of two preheating treatments which were boiling and steaming prior to drum
drying on the antioxidant, physical and resistant starch properties of IPSPP. It was
found that IPSPP pretreated by steaming process had significantly higher (p<0.05) total
anthocyanin (121.71 mg/100 g), moisture content (3.21% db), powder yield (243.02
g/kg) and resistant starch content (3.06 g/100 g) than boiling pretreatment. There was
no significant difference (p>0.05) between boiling and steaming in terms of antioxidant
capacity (101.35 to 101.75 umol TE/g and 134.35 to 134.40 umol TE/g for DPPH and
FRAP, respectively), physical properties such as water activity (0.49 to 0.50), color
values, water solubility index (21.76 to 25.54) and non resistant starch content (51.68
to 60.94 g/100 g). The results showed that steaming of raw tuber is recommended as
preheating treatment prior to drum drying. In the second part of the research, an
attempt was made to increase the resistant starch content of IPSPP by pretreatment of
the steamed-mashed tuber with pullulanase enzyme. Effects of the enzyme
concentration and hydrolysis time on the resistant starch and total anthocyanin contents
were evaluated. The optimum hydrolysis conditions for production of the maximum
amount of resistant starch and total anthocyanin contents at 60°C were 0.5% v/w
pullulanase at 8 h of incubation period. Hydrolysis of purple sweet potato (PSP) puree
with pullulanase enzymes significantly (p<0.05) increased the resistant starch content
(5.44 ¢/100 g), but concurrently reduced the antioxidant capacity of the IPSPP (5.20
pumol TE/g). The latter effect could probably due to long period of incubation and
additional heating process required for enzyme inactivation that destroyed the



antioxidants in the IPSPP. The final part of the study focused on the storage stability of
IPSPP at different storage temperatures. The total anthocyanin, DPPH radical
scavenging activity, moisture and resistant starch contents of the samples were
evaluated at every two month intervals for a duration of 12 months. The result showed
that storage periods had significant effects (p<0.05) on the total anthocyanin (185.32
and 197.61 mg/100 g at ambient and chilled storages, respectively), scavenging activity
(74.16 and 77.48 umol TE/g at ambient and chilled storages, respectively), moisture
(6.35 and 8.10 % db at ambient and chilled storages, respectively) and resistant starch
content (1.57 and 1.73 g/100 g at ambient and chilled storages, respectively) of IPSPP.
The antioxidant, physical and resistant starch properties of IPSPP at 12 months of
storage were compared with the control sample. The physicochemical properties of
IPSPP changed remarkably after 12 months of storage at ambient (25+2°C) condition.
Sample stored at chilled storage (4+2°C) had similar properties to the control sample.
The most suitable storage temperature for IPSPP is at chilled condition (4+2°C)
because at this condition the antioxidant, physical and resistant starch properties
product was stable for 12 months with significant increment in the total anthocyanin
content. Based on these findings, it can be concluded that processing methods and
storage conditions influence the antioxidant, physical and resistant starch contents of
IPSPP.
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Pada kebiasaannya, ubi keledek ungu (Ipomoea batatas L.) sering dinikmati sebagai
ubi rebus, kuih tradisional dan snek rangup. Pembangunan serbuk segera ubi keledek
ungu (IPSPP) dari ubi keledek ini berfungsi sebagai cara untuk menambah nilai kepada
komaoditi tempatan. Kebanyakan kajian yang berkaitan dengan penghasilan serbuk dari
ubi memberi fokus hanya kepada sifat antioksidan dan sifat-sifat fizikal dan kajian
terhadap kanji resistan adalah terhad. Oleh itu, kajian ini dijalankan untuk menilai
kesan kaedah pemprosesan dan suhu penyimpanan keatas nilai antioksidan, sifat fizikal
dan kandungan kanji resistan IPSPP. IPSPP dihasilkan menggunakan pengering drum
ganda (diset pada 2 rpm dan tekanan stim 3 bar). Bahagian pertama kajian ini adalah
untuk melihat kesan dua kaedah prapemanasan iaitu perebusan dan pengukusan
sebelum proses pengeringan drum keatas sifat antioksidan, sifat fizikal dan kanji
resistan IPSPP. IPSPP yang telah melalui proses praolahan pengukusan mempunyai
antosianin total (121.71 mg/100 g), kandungan kelembapan (3.21% db), hasil serbuk
(243.02 g/kg) dan kandungan kanji resistan (3.06 g/100 g) yang lebih tinggi dan
signifikan (p<0.05) berbanding yang melalui proses praolahan perebusan. Tiada
perbezaan yang signifikan (p>0.05) antara perebusan dan pengukusan dari segi kapasiti
antioksidan iaitu DPPH (101.35 - 101.75 pumol TE/g) dan FRAP (134.35 - 134.40 pumol
TE/g) dan sifat-sifat fizikal iaitu aktiviti air (0.49 - 0.50), nilai warna, indeks
keterlarutan air (21.76 - 25.54) dan kandungan kanji bukan resistan (51.68 - 60.94
g/100 g. Keputusan kajian ini menunjukkan bahawa pengukusan ubi mentah adalah
disarankan sebagai proses prapemanasan sebelum pengeringan drum. Dalam bahagian
kedua kajian ini, usaha bagi meningkatkan kandungan kanji resistan IPSPP melalui
praolahan ubi yang dikukus dan dilecek menggunakan enzim pullulanase telah
dijalankan. Kesan kepekatan enzim dan tempoh hidrolisis keatas kanji resistan dan
jumlah kandungan antosianin total telah dinilai. Keadaan hidrolisis optimum bagi
penghasilan kandungan kanji resistan dan antosianin total yang maksimum pada 60°C
ialah dengan 0.5% v/w pullulanase selama 8 jam inkubasi. Hidrolisis puri ubi keledek
ungu menggunakan enzim pullulanase telah meningkatkan kandungan kanji resistan
secara signifikan (5.44 g/100 g), tetapi dalam masa yang sama telah mengurangkan
kapasiti antioksidan IPSPP (5.20 pumol TE/g). Kesan kedua dapat mungkin disebabkan



oleh tempoh panjang inkubasi dan proses pemanasan tambahan yang diperlukan untuk
pengnyahaktifan enzim yang memusnahkan antioksidan IPSPP. Bahagian akhir kajian
ini pula memfokuskan kestabilan penyimpanan IPSPP pada suhu penyimpanan yang
berbeza-beza. Jumlah antosianin total, aktiviti memerangkap radikal, kandungan
lembapan dan kanji resistan sampel telah dinilai pada setiap dua bulan selama 12 bulan.
Keputusan menunjukkan bahawa tempoh penyimpanan memberi kesan yang signifikan
(p<0.05) keatas jumlah antosianin total (185.32 dan 197.61 mg/100 g pada keadaan
ambien dan dingin), aktiviti memerangkap radikal DPPH (74.16 dan 77.48 umol TE/g
pada keadaan ambien dan dingin), kandungan lembapan (6.35 dan 8.10 % db pada
keadaan ambien dan dingin) dan kanji resistan (1.57 dan 1.73 ¢g/100 g pada keadaan
ambien dan dingin) IPSPP. Sifat antioksidan, fizikal dan kanji resistan IPSPP
sepanjang 12 bulan penyimpanan telah dibandingkan dengan sampel kawalan. Sifat-
sifat fizikokimia IPSPP berubah dengan ketara selepas 12 bulan pada keadaan ambien
(25+2°C). Sampel yang disimpan pada keadaan dingin (4+2°C) mempunyai sifat yang
sama dengan sampel kawalan. Suhu penyimpanan yang paling sesuai untuk IPSPP
adalah pada keadaan dingin (4+2°C) kerana pada keadaan ini sifat antioksidan, fizikal
dan kanji resistan produk adalah stabil untuk 12 bulan dengan peningkatan ketara bagi
kandungan antosianin total. Berdasarkan dapatan ini, dapat disimpulkan bahawa
kaedah pemprosesan dan keadaan penyimpanan mempengaruhi kandungan
antioksidan, fizikal dan kanji resistan IPSPP.
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CHAPTER 1

INTRODUCTION

Purple sweet potato (Ipomoea batatas L.) has received considerable attention from
researchers recently. It is due to the health benefits from their antioxidant content,
particularly anthocyanins which give them strong purple color. Besides their great
potential as natural food colorants, the anthocyanins of purple sweet potato (PSP) also
have various nutraceutical properties such as anti-mutagenicity, scavenging activity,
antihypertensive effect and anti-carcinogen activity (Oki et al., 2002) which is found to
be better than that of elderberry, red cabbage, purple corn and grape skin (Rumbaoa et
al., 2009).

Unfortunately, storage of fresh sweet potatoes generally requires controlled relative
humidity (85-95%) (Padda and Picha, 2008; Mortleyl et al., 1994) and temperature (13-
15°C) (Reesa et al., 2003), which is not only energy consuming but also requires
advanced and expensive equipments. In some countries, for example Malaysia and
Indonesia, about 12.3 and 15.2 t/ha of sweet potatoes were produced (Ministry of
Agriculture and Agro-based Industry Malaysia, 2012; Ministry of Agriculture
Indonesia, 2014). However, as perishable tubers, sweet potatoes losses are usually
caused by bruising, sprouting, rotting (bacteria and fungi) and senescence when they
are stored in unsuitable conditions (FAO, 1983). In term of consumption, PSP could be
directly consumed as boiled tubers, fried cakes or fried crisps. It can also be sliced and
dried before converting it into flour or powder to avoid the abovementioned loss.
Convertion of PSP tubers into PSP flour or powdered form will contribute to several
advantages such as a longer shelf life, less space for storage and ready to be used.

There are several drying methods which can be used to produce the instantized PSP
powder (IPSPP). Among these, the drum dryer is generally used for drying of
commercial starchy food products with different feed flow rates. It is because this
drying technique can be applied for samples with a wide range of viscosities, such as
sample in the form of pastes, suspensions and solutions. Many heat sensitive products
are also suitable to be drum dried because high temperature drying process is limited to
a few minutes (Pua et al., 2007). During the production of IPSPP, preheating
treatments prior to drum drying such as boiling and steaming on the PSP tubers are
necessary because PSP undergo browning which will affect the final quality of the
products.

Instant or instantized powder in this study refers to a finely-ground powder that has
gone through pregelatinization stage, a process that involves heating the flour with hot
water or steam, then drying it out. It is formulated to dissolve rapidly in either hot or
cold liquids, making it an ideal thickening agent in creating lump-free sauces and
gravies (Bowman, 2014).

Resistant starches (RS) are starches which are not digested in the human small intestine
and were reported to have desired combination of functional and physiological
properties compared to natural fiber (Hodsagi, 2011). RS have been reported to be



beneficial for health in preventing colonic cancer and reduction of gall stone formation,
improving lipid and glucose metabolism, reducing the risk of colorectal cancer and
other gastrointestinal disorders as well as diabetes mellitus type-2, coronary and heart
diseases (Hodsagi, 2011; Nugent, 2005). IPSPP is low in RS, but it is high in
anthocyanin. If the RS content of IPSPP which is high in anthocyanin can be increased,
a new product with improved functional properties can be developed from PSP. Several
methods can be employed to increase the RS content of IPSPP. An enzymatic treatment
using debranching enzyme (in this case, pullulanase enzyme) could be one of the
appropriate methods to prevent or minimize the loss of anthocyanin during heating -
cooling processes. The usage of pullulanase had been reported to increase the RS
content in food starch (Leong et al., 2007; Lehmann et al., 2003). However, to date, no
study has been reported on the production of IPSPP that is high in both the anthocyanin
and RS contents. The production of IPSPP with antioxidant and RS properties will
offer more health benefit to the consumers.

Moreover, the intense purple color, flavor, natural sweetness and nutrients as well as
granulation property of PSP powder (i.e water absorption capacity and water solubility)
made it suitable to be used as an ingredient with an instantized property or an instant
powder, a thickener in soup, as gravy, in bakery products and fabricated snacks
(Ahmed et al., 2010a). Thus, IPSPP is highly potential to be used as one of the
functional ingredients in the food industries.

This study was carried with the following objectives:

(i) To determine the effects of preheating treatments (boiling and steaming) on the
antioxidant, physical and resistant starch properties of IPSPP,

(ii) To determine the effects of pullulanase pretreatment on the resistant starch and total
anthocyanin contents, and scavenging activity of IPSPP, and

(iii) To evaluate the stability of IPSPP in terms of antioxidant, physical and resistant
starch properties during storage at different temperatures.
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