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Abstract

Resistant starch is the non-digestible portion of starch that reaches the colon and act as a prebiotic 
to stimulate the activity and growth of beneficial gut microbiota. In the present study, resistant 
starch content of native (lemantak), commercialized and retrograded sago and starch was 
analysed, and the in vitro fermentability with known probiotics were investigated. Retrograded 
starch was produced through two cycles of autoclaving and cooling steps. The resistant starch 
content of each modified starch were measured based on the method approved by AOAC 
2002.02. The in vitro batch fermentation was carried out with inoculation of Lactobacillus 
acidophilus and Bifidobacterium animalis at 37°C for 24 hours in anaerobic condition. Total 
bacteria was enumerated at 0, 6, 12 and 24 hours. Highest resistant starch content was shown 
in lemantak (native sago starch) at 62.61%. Lemantak was also shown to be the most preferred 
fermentation substrate with the highest number of total bacterial count at all sampling hours. 
These findings suggest the potential of lemantak as a prebiotic.

Introduction

Sago and tapioca starch are two of the main locally 
sourced starch marketed in Malaysia. Traditionally 
processed sago starch, commonly known as 
lemantak, are extracted manually from the trunk of 
sago palm (Metroxylon sagu), followed by processes 
of washing, sedimentation and drying. Meanwhile 
tapioca starch are extracted from its tuber. Sago and 
tapioca starch are used widely in food preparation, 
and are often interchangeable. There is an interest 
in diversifying the usage of both local starches to 
shift consumer preference from other internationally 
sourced starch flour such as wheat and maize. One of 
new perspective in its starch utilisation is as dietary 
fibre through their resistant starch (RS) content.

Resistant starch is defined as the fraction of 
starch that was not hydrolysed by the pancreatic 
and brush border enzyme within the 120 minutes 
after consumption (Englyst et al., 1992). They 
resist upper gastrointestinal digestion and reach 
the colon where they might be utilized by the gut 
microbiota. Beneficial RS would be the starch 
that could selectively stimulate the growth and/or 
activity of one or more number of the good bacteria, 
which includes lactobacilli and bifidobacteria, and 
positively influence host health. This can be known 
as the prebiotic effect.

Previous study has investigated the digestibility 

of sago starch by known probiotic. However, there 
are no study conducted on lemantak. Lemantak is a 
type of native sago starch that are extracted through 
traditional processes and are often extracted on the 
sago plantation. They are the most common native 
sago starch marketed in Sarawak. On the other hand, 
tapioca starch was chosen because there are still 
limited study on its resistant starch, and even fewer 
study on its fermentability by probiotic.

Thus, the objective of this study is to quantify 
and compare resistant starch content of native and 
commercialized source of sago and tapioca. The 
native starches were then subjected to physical 
modification process to produce retrograded starch. 
The starches were then fermented with probiotics to 
investigate their preferential as fermentation substrate 
by the probiotic microorganisms.

Materials and Methods

Materials
Unless stated otherwise, all reagents and 

chemicals used were purchased from Sigma, Sigma 
laboratories (Gillingham, Dorset, UK). Commercial 
sago starch (Alini brand, Jakarta, Indonesia) and 
tapioca starch (ABC brand, Penang, Malaysia) were 
purchased from local market. 
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Inoculum preparation
The probiotics i.e. Lactobacillus acidophilus and 

Bifidobacterium animalis were isolated from dietary 
supplement capsules (Blackmores, Singapore) using 
selective agar of De Man Rogosa and Sharpe (MRS) 
and Bifidus Selective Medium (BSM), respectively. 
All plates were incubated at 37°C under anaerobic 
conditions. After incubation for 48 h, colony count 
were performed. A single colony of bacterial culture 
from the respective agar was then transferred into 
MRS broth and incubated overnight at 37°C for use 
as inoculum.

Starch extraction
Lemantak extraction was done on site at the sago 

palm plantation (Sungai Talau, Mukah, Sarawak, 
Malaysia). Trunks that are considered to be fell-ripe 
were cut, and their bark were removed. The soft and 
fibrous pith is then rasped using bush knives. The 
rasped pith was then washed with groundwater and 
left for an hour to allow the starch sedimentation. The 
resulting starch is then dried under direct sun for 4 
hours.

Tapioca was purchased from the local market. 
The skin were peeled and the flesh of the tapioca 
were grated. The grated tapioca were then washed 
thrice with tap water and left for an hour to allow the 
starch to sediment. The resulting starch are then dried 
at 40°C for 2 days, grinded using a blender and sieved 
through a 0.3 mm sieve (ABSS, Victoria, Australia).

Preparation of retrograded starch
The retrograded sago and tapioca starch were 

produced through repeated heating and cooling 
processes. The retrograded starches were prepared by 
suspending 20% of native starch in 400 ml distilled 
water. The suspensions were then heated in a boiling 
water bath for 15 minutes with stirring prior to 
autoclaving for 90 minutes at 121°C. The autoclaved 
starch suspensions were allowed to cool down to 
room temperature before being autoclaved again. 
Then, the starch suspensions were refrigerated at 4°C 
for 16 hours and subsequently heated at 95°C for 72 
hours followed by another refrigeration at 4°C for 
24 hours. The resulting starch was then rinsed with 
distilled water before drying at 40°C for 24 hours, 
grinded using a blender and sieved through a 0.25 
mm sieve (ABSS, Victoria, Australia).

Determination of resistant starch content
Resistant starch portion was analysed using 

resistant starch assay kit (Megazyme, Wicklow, 
Ireland) based on the method of AOAC 2002.02 
and AACC 38-40.01. First, the samples undergone 

digestion where the non-resistant portion of the 
starch were solubilised and hydrolysed to D-glucose. 
The digestion steps consist of incubation in a 
shaking water bath with pancreatic α-amylase and 
amyloglucosidase (AMG) for 16 hours at room 
temperature. The reaction was terminated by the 
addition of an equal volume of ethanol and the 
resulting RS were recovered as the pellets following 
centrifugation. The pellets were then dissolved in 2 M 
potassium hydroxide by vigorously stirring in an ice 
water bath over a magnetic stirrer. The solution was 
then neutralised with acetate buffer and the starch is 
quantitatively hydrolysed to glucose with AMG. The 
RS content of the sample was measured as D-glucose 
with glucose oxidase/peroxidase reagent.  

In vitro fermentation
Fermentations were carried out in 50 ml Schott 

bottles for 24 hours. The bottles were placed in a jar 
containing GasPak Envelopes (Becton Dickinson, 
New Jersey, United States) at 37°C in a shaking 
water bath. The fermentation medium consists of 
0.5% NaCl, 1% peptone, 1% test substrates and 0.5% 
inoculum. Samples were taken at 0, 6, 12 and 24 
hours, and subsequently cultured on nutrient agar for 
24 hours at 37°C after which the bacterial colonies 
were enumerated. 

Statistical analysis
Each experimental process was done in triplicate. 

Statistical analysis was performed using SPSS 
for Windows, version 20.0. One-way analysis of 
variance (ANOVA) and post-hoc Tukey’s test were 
used to determine the significant difference among 
the substrates. 

Results and Discussion

Resistant starch content
Resistant starch is the starch fraction that 

can withstand upper gastrointestinal digestion in 
a human host. Physically or chemically altering 
starch composition will influence its digestibility. 
Retrograded starch produced in present study are a 
type of physically modified resistant starch. The RS 
content of native and commercialized starch, and 
retrograded starch are illustrated in Figure 1 and 2, 
respectively.

High percentage of RS content is attributed to 
the proportion of amylose and amylopectin in the 
starch structure (Li et al., 2015; Lin et al., 2016). 
Amylose are often linked linearly with RS content. 
High amount of tightly packed linear amylose resist 
digestion more than highly branched amylopectin 
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(Sievert and Pomeranz, 1989; Leszczyñski, 2004; 
Li et al., 2008). Sago has a relatively low content 
of amylose with a significantly high portion of 
amylopectin (Flach, 1997). Amylose content in 
sago starch is in the range of 21.7 to 31% with the 
other 69 to 78.3% accounts largely for amylopectin. 
Tapioca, on the other hand, has 15 to 18% of amylose 
content, much lower than sago starch (Noomhorm 
and Tokiwa, 2006; Tongdang et al., 2008). Amylose 
to amylopectin ratio are closely linked to the different 
growth stages in which sago were harvested, and can 
also be influence by the method of starch extraction 
(Flach, 1997; Uthumporn et al., 2014). 

Lemantak showed a significantly high RS 
content than commercialized sago and native and 
commercialized tapioca starches. This is significantly 
higher than resistant starch content of rice and maize 
starch at 7.98% and 46.29%, respectively (McCleary 
et al., 2002; Mir et al., 2013). Interestingly, both 
starches also had a significantly higher amylose 
content than sago and tapioca starch at the range 
of 29.1-33.8% and 67.4%, respectively (Mir et al., 
2013; Maaran et al., 2016). This shows contradicts 
the pattern of positive correlation between amylose 
and RS content. However, several studies has showed 
the role of amylopectin in starch indigestibility 
(Eerlingen et al., 1994; Srichuwong et al., 2005). 
Study with bakery products showed an increase RS 
content during their storage time due to amylopectin 
retrogradation (Eerlingen et al., 1994). Native tapioca, 
having a lower amylose and a higher amylopectin 
content than sago, showed a lower amount of RS 
content at 47%. The higher amylopectin did not 
contribute to a higher RS content. Previous study on 

retrograded tapioca starch also showed a reduction in 
RS content by two times (Wronkowska et al., 2011). 

Several studies has shown that amylopectin’s 
structure effect on starch digestibility is dependent 
upon its branch-chains length distribution (Eerlingen 
et al., 1994; Jane et al., 1999; Srichuwong et al., 
2005). Previous study has investigated the effect 
of amylopectin’s branch-chains length of various 
botanical origin starches on susceptibility of the 
starch towards enzymatic hydrolysis. Among taro, 
rice, tapioca and corn starches, sago starch showed 
the highest resistance towards enzyme hydrolysis, and 
the highest distribution of high DP unit-chains (DP 
25-30). Rice starch showing the highest distribution 
of low DP unit-chains showed highest susceptible to 
enzymatic hydrolysis followed by tapioca starch and 
corn starch (Srichuwong et al., 2005). The author 
postulated that longer chains would make longer 
helices and strengthen the hydrogen bond formed 
between chains. Inversely, short chain will form 
weak and short double helices (Jane et al., 1999). 

Commercialized sago starch showed a much 
lower RS content than its native counterpart, 
lemantak. This might be due to the various chemicals 
and/or physical processes during starch extraction 
and industrial processing. Commercialized starch 
are often bleached to obtain the white appearance 
to suit consumer preference (Bobrow-Strain, 2008). 
Chemical modification are usually used to enhance 
the amylose content of starch as amylose plays an 
integral part in starch physicochemical properties. 

Figure 1. Resistant starch content of the native and 
commercialized sago and tapioca starch. (L-lemantak, NT-
native tapioca starch, CS-commercialized sago starch, CT-
commercialized tapioca starch). Significant differences 
among substrates (P < 0.01) were indicated with different 
letters above bars. Error bars represent standard deviation 
of the mean (n = 3).

Figure 2. Resistant starch content of the retrograded 
sago and tapioca starch. (10% S-10% initial sago 
starch concentration, 15% S-15% S initial sago starch 
concentration, 20% S-20% initial sago starch concentration, 
10% T-10% initial tapioca starch concentration, 15% 
T-15% initial tapioca starch concentration, 20% T-20% 
initial tapioca starch concentration). Significant differences 
among substrates (P < 0.01) were indicated with different 
letters above bars. Error bars represent standard deviation 
of the mean (n = 3).
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However, in certain case, manufacturing processes 
will contribute to an increase in RS content (Koo et 
al., 2010). Commercialized cross-linked corn starch 
often used in bread production showed increase RS 
content with increasing cross-linking reagent (Koo 
et al., 2010). In the present study, commercialized 
tapioca starch showed a significantly higher RS 
content than its native starch. Nevertheless, it is 
important to note that different manufacturers will 
have different starch processing process, thus RS 
content will differ with each manufacturer. 

All retrograded sago starch showed a significantly 
high RS content than retrograded tapioca starch. 
Amylose undergoes retrogradation much faster 
than amylopectin due to their linear structure 
(Jiamjariyatam et al., 2015). However, rate of 
retrogradation did not correlate directly towards RS 
formation. In the present study, RS are produce via 
retrogradation process to produce RS type 3. During 
gelatinization, the starch granules are disrupted 
as water is absorbed. This causes the leaching of 
polymer molecules amylose and amylopectin as 
random coils (Ashwar et al., 2016). Upon cooling or 
retrogradation, the role of amylose and amylopectin 
in RS formation differs (Kiatponglarp et al., 2015). 
The leached amylose rearrange into double helix 
structure and hydrogen bond were formed to 
stabilize the resultant RS, while RS is formed from 
amylopectin by the increase molecular entanglement 
in the gel network and/or helix formation in a three 
dimensional crystalline structure (Sajilata et al., 
2006).

The formation of the new starch structure renders 
retrograded starch more resistant. However, in the 
present study, both retrograded sago and tapioca 
starch showed a decrease of RS content than their 
native counterpart. The differences between current 
study and past studies might be due to the different 
initial RS content of each starch. The structural 

structure of native sago and tapioca starch, with 
relatively high RS content, might also interfere with 
the formation of the double helix and crystalline 
structure in the retrograded starch. Previous study with 
retrograded potato starch also showed a reduction of 
RS (Xie et al., 2014). The author postulated that the 
retrogradation increases the swelling power of the 
starch, where the swelling of the amorphous region 
increases their susceptibility to enzymatic digestion. 
In another study, extruded maize starch also showed 
significantly reduced RS content from 48% to 1.1% 
in which the author suggested might be due to 
retrogradation process involving short amylose chain 
produced during the extrusion (Robin et al., 2016).

Bacterial enumeration
Lactobacilli and bifidobacteria are well known 

probiotic microorganims, and are predominant 
members of human gut microbiota of a healthy human 
being (Turroni et al., 2008). They are beneficial 
saccharolytic bacteria which produces beneficial 
end products from their utilization of carbohydrate, 
which include short chain fatty acids (Guarner 
and Malagelada, 2003). In the present study, we 
investigate the ability of native, commercialized and 
retrograded sago and tapioca starch in influencing the 
growth of the two beneficial bacteria. The data are 
presented in Table 1. 

Native sago starch was the best substrate 
supporting the growth of probiotic microorganisms 
as exhibited by having the highest viable bacterial 
cell counts in every fermentation sampling hour. 
Commercialized sago starch also showed high 
bacterial numbers. This result is supported by a recent 
study that compares the utilization of sago starch 
by various probiotic bacteria. The result showed 
that native sago starch could not be fermented by 
the bacteria cultures with exception of lactobacilli 
and bifidobacteria, which showed higher growth 

Table 1. Average total bacteria (log10 cells per ml fermentation sample) at 0, 6, 12 and 24 
sampling hours (h).

Substrates tested were coded as following example: L-lemantak, NT-native tapioca starch, CS-
commercialized sago starch, CT-commercialized tapioca starch, 10% S-10% initial sago starch 
concentration, 15% S-15% S initial sago starch concentration, 20% S-20% initial sago starch 
concentration, 10% T-10% initial tapioca starch concentration, 15% T-15% initial tapioca starch 
concentration, 20% T-20% initial tapioca starch concentration. *Significant difference from 0 h 
value, P < 0.05.  Significant differences (P < 0.05) among treatment as indicated with different letter 
from the same row of data. Standard deviation is shown in parentheses (n = 3).
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percentage in native sago starch media (Zi-Ni et al., 
2015). Native and commercialized tapioca starch 
also showed capability in positively influencing the 
growth of both bacteria. Tapioca starch are often used 
in the production of lactic acid via fermentation with 
lactobacilli (Xiaodong et al., 1997; John et al., 2006). 

All retrograded starch showed a low bacterial 
cell count. This contradicts previous fermentation 
studies with retrograded sago starch but in agreement 
with fermentation studies of retrograded tapioca 
starch (Wronkowska et al., 2008; Zi-Ni et al., 2015). 
Previous study compares the utilization of various 
native and modified starches by Bifidobacterium 
animalis and the result showed that the bacteria could 
utilized native tapioca starch much efficiently than 
retrograded tapioca starch (Wronkowska et al., 2008). 
On the other hand, several studies has supported the 
efficiency of retrograded sago starch as a substrate for 
lactobacilli and bifidobacteria fermentation (Siew-
Wai et al., 2010; Shima et al., 2012; Zi-Ni et al., 
2015). The difference in result might be due to the 
different retrogradation process used. Retrograded 
sago starch used in this study might not have been 
fully retrograde, especially the amylopectin portion 
of the starch that requires longer time to retrograde. 
Other study employ the use of de-branching enzyme 
to break down the highly branched amylopectin to 
facilitate the percolation of amylopectin during 
gelatinization and ensure the amylopectin are fully 
retrograded (Zi-Ni et al., 2015). 

It is important to note that the activity of 
lactobacilli and bifidobacteria to ferment non-
digestible carbohydrates tends to be strain dependent 
as different strains possess different metabolic systems 
for specific carbohydrates (Sarbini and Rastall, 2011). 
Different origin of the same type of starch, different 
extraction time and process also influence physical 
structures of the starch and will therefore affects their 
susceptibility towards bacterial digestion (Zaman and 
Sarbini, 2016). These two factors can also explain the 
discrepancies between the retrogradation effects on 
the resistant starch content of sago and tapioca starch 
in the present study with previous studies, as well 
as the utilization of the substrate by Lactobacillus 
acidophilus and Bifidobacterium animalis. 

Conclusion

Lemantak contain high amount of RS and are 
preferred as a fermentation substrate for Lactobacillus 
acidophilus and Bifidobacterium animalis. All native 
and commercialized starch showed significant high 
viable bacterial numbers than all retrograded starch, 
a pattern mirrored in RS content. This therefore 

suggest a positive correlation between RS content 
and the preference of substrate for the growth of 
Lactobacillus acidophilus and Bifidobacterium 
animalis.  Present study also provides preliminary 
insight into RS availability in commonly consumed 
ingredients. Future study can be carried out with 
a broader subject by looking at the structure and 
function relationship of the native and retrograded 
starches. Their role in manipulating the growth and 
activity of probiotic microorganisms can be further 
understood, and latter be used as prebiotic ingredients.

Acknowledgements

The authors thanked staff of the Department of 
Crop Science, University Putra Malaysia Bintulu 
Campus for their assistance. This work was supported 
by the Malaysian Ministry of Science Technology 
and Innovation via Science Fund Grant (Project No.: 
02-01-04-SF1981).

References

Ashwar, B. A., Gani, A., Wani, I. A., Shah, A., Masoodi, 
F. A. and Saxena, D. C. 2016. Production of resistant 
starch from rice by dual autoclaving-retrogradation 
treatment: In vitro digestibility, thermal and structural 
characterization. Food Hydrocolloids 56: 108-117.

Bobrow-Strain, A. 2008. White bread bio-politics: purity, 
health, and the triumph of industrial baking. Cultural 
Geographies 15(1): 19-40.

Eerlingen, R. C., Jacobs, H. and Delcour, J. A. 1994. 
Enzyme resistant starch. V. Effect of retrogradation of 
waxy maize starch on enzyme susceptibility. Cereal 
Chemistry 71: 351-355.

Englyst, H. N., Kingman, S. and Cummings, J. 1992. 
Classification and measurement of nutritionally 
important starch fractions. European Journal of 
Clinical Nutrition 46: S33-50.

Flach, M. 1997. Sago palm: Metroxylon sagu Rottb. 
Promoting the conservation and use of underutilized 
and neglected crops. Biodiversity International. 
Rome, Italy. 76 PP.

Guarner, F. and Malagelada, J.-R. 2003. Gut flora in health 
and disease. The Lancet 361(9356): 512-519.

Jane, J., Chen, Y., Lee, L., McPherson, A., Wong, K., 
Radosavljevic, M. and Kasemsuwan, T. 1999. Effects 
of amylopectin branch chain length and amylose 
content on the gelatinization and pasting properties of 
starch 1. Cereal Chemistry 76(5): 629-637.

Jiamjariyatam, R., Kongpensook, V. and Pradipasena, P. 
2015. Effects of amylose content, cooling rate and 
aging time on properties and characteristics of rice 
starch gels and puffed products. Journal of Cereal 
Science 61: 16-25.

John, R. P., Nampoothiri, K. M. and Pandey, A. 2006. 
Solid-state fermentation for L-lactic acid production 
from agro wastes using Lactobacillus delbrueckii. 



956  Arshad et al./IFRJ 25(3): 951-957

Process Biochemistry 41(4): 759-763.
Kiatponglarp, W., Tongta, S., Rolland-Sabaté, A. 

and Buléon, A. 2015. Crystallization and chain 
reorganization of debranched rice starches in relation 
to resistant starch formation. Carbohydrate Polymers 
122: 108-114.

Koo, S. H., Lee, K. Y. and Lee, H. G. 2010. Effect of cross-
linking on the physicochemical and physiological 
properties of corn starch. Food Hydrocolloids 24(6): 
619-625.

Leszczyñski, W. a. 2004. Resistant starch-classification, 
structure, production. Polish Journal of Food and 
Nutrition Sciences 13(54): 37-50.

Li, L., Jiang, H., Campbell, M., Blanco, M. and Jane, J. 
I. 2008. Characterization of maize amylose extender 
(ae) mutant straches. Part I : Relationship between 
resistant starch contents and moleculat structures. 
Carbohydrate Polymer 74: 396-404.

Li, Y., Zhang, A., Luo, H., Wei, H., Zhou, Z., Peng, J. 
and Ru, Y. 2015. In vitro and in vivo digestibility 
of corn starch for weaned pigs: Effects of amylose: 
amylopectin ratio, extrusion, storage duration, and 
enzyme supplementation. Journal of Animal Science 
93(7): 3512-3520.

Lin, L., Cai, C., Gilbert, R. G., Li, E., Wang, J. and Wei, C. 
2016. Relationships between amylopectin molecular 
structures and functional properties of different-sized 
fractions of normal and high-amylose maize starches. 
Food Hydrocolloids 52: 359-368.

Maaran, S., Hoover, R., Vamadevan, V., Waduge, R. and 
Liu, Q. 2016. In vitro amylolysis of pulse and hylon 
VII starches explained in terms of their composition, 
morphology, granule architecture and interaction 
between hydrolysed starch chains. Food Chemistry 
192: 1098-1108.

McCleary, B. V., McNally, M. and Rossiter, P. 2002. 
Measurement of resistant starch by enzymatic 
digestion in starch and selected plant materials: 
collaborative study. Journal of AOAC International 
85(5): 1103-1111.

Mir, J., Srikaeo, K. and García, J. 2013. Effects of amylose 
and resistant starch on starch digestibility of rice flours 
and starches. International Food Research Journal 
20(3).

Noomhorm, C. and Tokiwa, Y. 2006. Effect of poly 
(dioxolane) as compatibilizer in poly (ɛ-caprolactone)/
tapioca starch blends. Journal of Polymers and the 
Environment 14(2): 149-156.

Robin, F., Heindel, C., Pineau, N., Srichuwong, S. and 
Lehmann, U. 2016. Effect of maize type and extrusion-
cooking conditions on starch digestibility profiles. 
International Journal of Food Science & Technology 
51(6): 1319-1326.

Sajilata, M., Singhal, R. S. and Kulkarni, P. R. 2006. 
Resistant starch–a review. Comprehensive Reviews in 
Food Science and Food Safety 5(1): 1-17.

Sarbini, S. R. and Rastall, R. A. 2011. Prebiotics: 
metabolism, structure, and function. Functional Food 
Review 3(3): 93-106.

Shima, A. R., Salina, H. F., Masniza, M. and Atiqah, A. H. 

2012. Viability of Lactic acid bacteria in homemade 
yogurt containing Sago Starch Oligosaccharides. 
International Journal of Basic Applied Sciences 12: 
58-62.

Sievert, D. and Pomeranz, Y. 1989. Enzyme resistant 
starch. I. Charcterization and evaluation by enzymatic, 
thermoanalytical and microscopic method. Cereal 
Chemistry 66(4): 342-347.

Siew-Wai, L., Zi-Ni, T., Karim, A. A., Hani, N. M. and 
Rosma, A. 2010. Fermentation of Metroxylon sagu 
resistant starch type III by Lactobacillus sp. and 
Bifidobacterium bifidum. Journal of Agricultural and 
Food Chemistry 58(4): 2274-2278.

Srichuwong, S., Sunarti, T. C., Mishima, T., Isono, N. and 
Hisamatsu, M. 2005. Starches from different botanical 
sources I: Contribution of amylopectin fine structure 
to thermal properties and enzyme digestibility. 
Carbohydrate Polymers 60(4): 529-538.

Tongdang, T., Meenun, M. and Chainui, J. 2008. Effect 
of sago starch addition and steaming time on making 
cassava cracker (Keropok). Starch-Stärke 60(10): 
568-576.

Turroni, F., Ribbera, A., Foroni, E., van Sinderen, D. 
and Ventura, M. 2008. Human gut microbiota and 
bifidobacteria: from composition to functionality. 
Antonie Van Leeuwenhoek 94(1): 35-50.

Uthumporn, U., Wahidah, N. and Karim, A. 2014. 
Physicochemical Properties Of Starch From Sago 
(Metroxylon Sagu) Palm Grown In Mineral Soil 
At Different Growth Stages. In Ashton, A. (Eds). 
Proceedings of the IOP Conference Series: Materials 
Science and Engineering, p. 12. Ningbo, China: IOP 
Publishing.

Wronkowska, M., Juśkiewicz, J., Zduńczyk, Z., Soral-
Śmietana, M. and Krupa-Kozak, U. 2011. Influence 
of chemically-modified potato starch (RS type 4) on 
the nutritional and physiological indices of rats. Polish 
Journal of Food and Nutrition Sciences 61(2): 143-
151.

Wronkowska, M., Soral-Śmietana, M. and Biedrzycka, E. 
2008. Utilization of resistant starch of native tapioca, 
corn and waxy corn starches and their retrograded 
preparations by Bifidobacterium. International Journal 
of Food Science and Nutrition 59(1): 80-87.

Xiaodong, W., Xuan, G. and Rakshit, S. 1997. Direct 
fermentative production of lactic acid on cassava and 
other starch substrates. Biotechnology Letters 19(9): 
841-843.

Xie, Y.-Y., Hu, X.-P., Jin, Z.-Y., Xu, X.-M. and Chen, H.-Q. 
2014. Effect of repeated retrogradation on structural 
characteristics and in vitro digestibility of waxy potato 
starch. Food Chemistry 163: 219-225.

Zaman, S. A. and Sarbini, S. R. 2016. The potential of 
resistant starch as a prebiotic. Critical Reviews in 
Biotechnology 36(3): 578-584.

Zi-Ni, T., Rosma, A., Karim, A. and Liong, M. 2015. 
Functional Properties of Resistant Starch Type-III 
from Metroxylon sagu as Affected by Processing 
Conditions. Pertanika Journal of Tropical Agricultural 
Science 38(3).



Arshad et al./IFRJ 25(3): 951-957 957

Zi-Ni, T., Rosma, A., Napisah, H., Karim, A. A. and 
Liong, M. T. 2015. Characteristics of Metroxylon 
sagu Resistant Starch Type III as Prebiotic Substance. 
Journal of Food Science 80(4): H875-H882.


