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A study was carried out to determine the retention of vitamins A and C in native 
and pregelatinized starches extruded under fixed conditions in the making of 
extruded dried noodles. Two percent vitamin A or C was mixed with starch and 
moisture content of the mixture was adjusted to 20% before extrusion. The 
extrusion conditions were temperatures of 80 °C for zone 1 and 100 °C for 
zones 2, 3 and 4 of the barrel, 30 rpm of feeder speed, and 60 rpm of screw 
speed. Native starches used were waxy corn (99.1% amylopectin), regular corn 
(26.2% amylose), high amylose corn (70.0% amylose), waxy potato (99.1% 
amylopectin), regular potato (30.1% amylose), waxy or glutinous rice (92.6% 
amylopectin), regular rice (19.4% amylose), tapioca (25.9% amylose), sweet 
potato (29.9% amylose) and sago (30.4% amylose) starches. The 
pregelatinized starches included pregelatinized waxy corn, regular corn, high 
amylose corn, waxy potato, regular potato, waxy or glutinous rice, regular rice, 
tapioca, sweet potato and sago starches. The retention of vitamins A and C, 
after extrusion, was analysed by reversed-phase high performance liquid 
chromatography (RP-HPLC). The results obtained showed that the extrusion 
conditions employed were able to retain high levels of vitamins A (86.7 to 
93.4%) and C (88.4 to 98.6%) in all the extruded native starches. Within similar 
group of native starch source of corn, potato and rice, vitamins A and C 
retention was significantly higher in extruded waxy corn, potato and rice than in 
their extruded regular and high amylose starches. In extruded pregelatinized 
starches, the retention of vitamins A and C was significantly improved 
compared to that of their extruded native starches counterparts. Vitamin A 
concentration in extruded pregelatinized starches was the highest in extruded 
pregelatinized waxy corn (11.363±0.25 mg/g) and the lowest in extruded 
pregelatinized regular potato (8.447±0.13 mg/g). Extruded pregelatinized waxy 
corn also retained the highest vitamin C concentration (19.376±0.16 mg/g) 
while the lowest concentration was found in extruded pregelatinized high 
amylose corn starch (16.467±0.27 mg/g). Storage stabilities and determination 
of degradation kinetics of vitamins A and C in extruded native and 
pregelatinized starches were conducted at 25 °C in aluminium and nylon 
packagings. Degradation constant (k) of vitamin A was lower in pregelatinized 
starches as compared to that in their native counterparts, ranging from 5.18 to 
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8.67×10-2/week in aluminium packaging and 5.43 to 10.02×10-2/week in nylon 
packaging. Similar pattern was observed for vitamin C with its degradation 
constant (k) ranging from 3.55 to 5.56×10-2/week in aluminium packaging and 
3.94 to 5.77×10-2/week in nylon packaging. It was observed that vitamins A and 
C in extruded starches were more stable in aluminium packaging than in nylon 
packaging as represented by the smaller degradation constant (k). It can be 
concluded that in all the extruded starches, the stability during extrusion and 
upon storage was significantly higher for vitamin C than vitamin A. The findings 
provided information on the application of the fixed extrusion conditions for 
better retention of vitamin A or vitamin C in starches. Their stabilities in 
aluminium packaging and pregelatinized starches suggested that both vitamins 
were sensitive to light and air present in porous pregelatinized starch 
extrudates respectively. 
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Sebuah kajian telah dijalankan bagi mengenal pasti pengekalan vitamin A dan 
C dalam hasil penyemperitan kanji natif dan pragelatin menggunakan keadaan 
penyemperitan mee kering. Dua peratus vitamin A atau C dicampur dengan 
kanji dan kandungan lembapan diselaraskan kepada 20% sebelum 
penyemperitan. Keadaan penyemperitan adalah pada suhu 80 °C di zon 1 dan 
100 °C bagi zon 2, 3 dan 4 barel, 30 rpm kelajuan penyuap, dan 60 rpm 
kelajuan skrew. Keupayaan pelbagai kanji natif dan pragelatin dalam 
pengekalan vitamin A dan C semasa proses penyemperitan telah dianalisis. 
Kanji natif yang digunakan adalah jagung berlilin (99.1% amilopektin), jagung 
biasa (26.2% amilosa), jagung tinggi amilosa (70.0% amilosa), ubi kentang 
berlilin (99.1% amilopektin), ubi kentang biasa (30.1% amilosa), beras pulut 
(92.6% amilopektin), beras biasa (19.4% amilosa), ubi kayu (25.9% amilosa), 
ubi keledek (29.9% amilosa) dan sagu (30.4% amilosa). Kanji pragelatin 
termasuk jagung berlilin, jagung biasa, jagung tinggi amilosa, ubi kentang 
berlilin, ubi kentang biasa, beras pulut, beras biasa, ubi kayu, ubi keledek dan 
sagu. Ketahanan vitamin A dan C selepas penyemperitan, telah dianalisis 
menggunakan kromatografi cecair prestasi tinggi fasa terbalik (RP-HPLC). 
Keputusan yang diperolehi menunjukkan keadaan penyemperitan yang 
digunakan mampu mengekalkan vitamin A (86.7 hingga 93.4%) dan C (88.4 
hingga 98.6%) yang tinggi dalam semua hasil penyemperitan kanji natif. Dalam 
kumpulan sumber kanji yang sama bagi jagung, ubi kentang dan beras, vitamin 
A dan C menunjukkan pengekalan yang signifikan dalam hasil penyemperitan 
kanji jagung berlilin, ubi kentang berlilin dan beras pulut berbanding hasil 
penyemperitan kanji biasa dan tinggi amilosa mereka. Bagi hasil 
penyemperitan kanji pragelatin, ketahanan vitamin A dan C telah meningkat 
dengan signifikan berbanding hasil penyemperitan kanji natifnya. Kepekatan 
vitamin A dalam hasil penyemperitan kanji pragelatin adalah tertinggi bagi hasil 
penyemperitan kanji pragelatin jagung berlilin (11.363±0.25 mg/g) dan 
terendah dalam hasil penyemperitan kanji pragelatin ubi kentang biasa 
(8.447±0.13 mg/g). Hasil penyemperitan kanji pragelatin jagung berlilin juga 
mengekalkan kepekatan vitamin C tertinggi (19.376±0.16 mg/g) manakala 
kepekatan terendah didapati dalam hasil penyemperitan kanji pragelatin jagung 
tinggi amilosa (16.467±0.2 mg/g). Kestabilan penyimpanan dan penentuan 



© C
OPYRIG

HT U
PM

iv 
 

degradasi kinetik bagi vitamin A dan C dalam hasil penyemperitan kanji natif 
dan kanji pragelatin dijalankan pada suhu 25 °C di dalam pembungkusan 
aluminium dan nilon. Pemalar degradasi (k) vitamin A lebih rendah dalam kanji 
pragelatin berbanding kanji natif, dari julat 5.18 hingga 8.67×10-2/minggu dalam 
pembungkusan aluminium dan 5.43 hingga 10.02×10-2/minggu dalam 
pembungkusan nilon. Pemerhatian yang sama didapati bagi pemalar degradasi 
(k) vitamin C dari julat 3.55 sehingga 5.56×10-2/minggu dalam pembungkusan 
aluminium dan 3.94 to 5.77×10-2/minggu dalam pembungkusan nilon. Keadaan 
ini menunjukkan bahawa vitamin A dan C dalam hasil penyemperitan kanji 
adalah lebih stabil dalam pembungkusan aluminium berbanding nilon yang 
diwakili oleh nilai pemalar degradasi (k) yang lebih kecil. Kesimpulannya, 
dalam semua hasil penyemperitan kanji, kestabilan semasa penyemperitan 
dan sepanjang penyimpanan adalah lebih tinggi secara signifikan bagi vitamin 
C berbanding vitamin A. Hasil kajian ini memberikan maklumat tentang 
penggunaan keadaan penyemperitan yang tetap untuk pengekalan vitamin A 
dan C yang lebih baik dalam kanji. Kestabilan vitamin-vitamin dalam 
pembungkusan aluminium dan hasil penyemperitan kanji pragelatin 
mencadangkan bahawa vitamin-vitamin adalah sensitif kepada cahaya dan 
udara dalam hasil penyemperitan kanji pragelatin yang berongga, masing-
masing. 
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CHAPTER 1 
 
 

INTRODUCTION 
 
 

Micronutrient deficiency with a focus on vitamin A, iron, iodine and zinc has 
been reported worldwide. The most affected groups of people are children, 
young women, and pregnant women with vitamin A deficiency (VAD) being the 
most common deficiency in many developing countries (Hussain et al., 2014). 
In Asia, Africa and Latin America, especially in the lower-income to middle-
income countries, a large number of their population are facing undernutrition 
and suffer from poverty-related diseases. Deficiency in micronutrients can 
cause many health problems; most of them related to physical and cognitive 
developments (Khambalia et al., 2012).  
 
 
In Malaysia, iron deficiency has been reported to be the most frequent cause of 
anaemia especially in pregnant women and women in reproductive age 
(Milman, 2015). Besides iron deficiency, anaemia was also mentioned to be 
caused by lack of hematinic vitamins such as folate and vitamin B12 among 
these groups of women. A study by Poh et al.(2013) on dietary intake among 
Malaysian children aged between 6 months to 12 years old compared the 
nutrient intakes by these children to Malaysian Recommended Daily Intakes 
(RDI) and the finding revealed that one-third of the children were insufficient in 
energy, calcium and vitamin D.  The study also found that most of the children 
were more prevalent towards overnutrition than undernutrition.  
 
 
Food fortification is widely used as an effort to overcome malnutrition problems. 
Fortification of selected and targeted nutrients in suitable food vehicles is a 
cost-effective and sustainable effort because through this, the target group of 
people can easily obtain access to their fortified staple food. Food vehicles can 
be varied according to population background and staple food. In Asia, the 
population consumes a lot of rice and noodles, providing opportunity to fortify 
these vehicles so as to overcome micronutrient deficiency. Ultra Rice® is an 
example of a reconstituted rice product fortified with vitamin A, iron, and vitamin 
B1 (Li et al., 2011) and serves as a staple food for more than half of the world’s 
population.  
 
 
Since fortified rice has already been developed, noodles, which are popular in 
Asia, can also be considered as vehicles for fortificants. There are several 
types of commercial noodles available, which are cereal- or legume-based with 
starch added as a binder. They are sold fresh or in dried form. The production 
of dried noodles via the conventional method involves forming the noodles, 
cooking of the noodles in water or by steaming followed by drying. Dried 
noodles produced by machines require a mixer working at low or normal 
pressure, a press with a forming die, a boiling, steaming or frying unit, a drying 
unit, and a packaging device (Wójtowicz, 2011).  
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For noodles made via extrusion cooking, the press with a forming die unit is 
replaced by a single or twin screw extruder. The conventional method of dried 
noodle production applies a high degree of starch gelatinisation at higher 
moisture and temperature in the steaming, boiling or frying process. The drying 
of these noodles takes longer time to reach the final desired moisture content. 
Extrusion helps improve the production of dried noodles especially in terms of 
cooking and drying time compared to the conventional method because of the 
low moisture required in the heating process. The dried noodles prepared by 
extrusion require a shorter time for production and drying. Plus, it is easy to 
prepare and serve afterwards. The combinations of the barrel zone 
temperatures ranging from 40 to 110 °C, screw speeds of 20 to 150 rpm, 
feeder speeds from 20 to 60 rpm with a moisture content of 30 to 35% have 
been employed in the extrusion of various cereal- and legume-based noodles 
(Charutigon et al., 2008; Sereewat et al., 2015; Wang et al., 2014). 
 
 
Due to the extrusion conditions, fortification of dried noodles as part of the 
effort to overcome malnutrition could be conducted. A study on the fortification 
of rice noodles prepared using the conventional method and fortified with 
vitamin A, folic acid, and iron had been carried out (Malahayati et al., 2014). It 
was found that iron was more stable than vitamin A and folic acid after several 
heating and processing conditions of the rice noodle. The retentions of the 
fortificants were not only dependent on their stability (the minerals were more 
stable during processing) but also dependent on properties of the macro-
components present in the noodles (such as starch, protein, and fibre) with 
noodle’s major component is starch.  
 
 
Therefore, the objectives of this study were: 
 

1. To determine the vitamin A and C retention in native starches extruded 
using conditions for the production of dried noodle.  

2. To study the effects of pregelatinized starches on vitamin A and C 
retention during extrusion.  

3. To conduct storage stability tests of vitamin A and C in extruded native 
and pregelatinized starches.  

4. To evaluate degradation kinetics of vitamins in extruded native and 
pregelatinized starches.  

 
 
The significance of this study was to provide information on the application of 
fixed extrusion conditions for better retention of vitamin A or vitamin C in 
starches. The selection of vitamins A and C was to represent the model system 
of fat-soluble and water-soluble vitamins.  
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