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Abstract
Background: Sweet potato has a potential to be used as a raw

material for tablets. However, it needs chemical modifications to
produce derivatives with excellent pharmaceutical characteristics.
The primary purpose of this research was to use sweet potato
starch (Ipomoea batatas Lamk.) as a tablet excipient modified
through a chemical process. 

Design and Methods: This study is experimental and is divid-
ed into three stages. The first stage is the extraction process to
obtain sweet potato starch. The second stage is the chemical mod-
ification of sweet potato starch using pentanol-1 and glacial acetic
acid. The third step is the analysis of the pharmaceutical properties
of the mutated lab model compared to the control sample and
Amprotab. 

Results: The descriptive-comparative analysis showed sweet
potato starch modified with panthenol-1 had a higher hardness
value (=2.55±0.34) compared to native starch (1.00±0.08). The
particle size distribution of the modified sample with acetate acid
(=15.20±1.79) was higher than the others. 

Conclusions: In conclusion, modified sweet potato starch has
better pharmaceutical properties than native starch. Further
research needs to be conducted on the magnitude of the potential
of sweet potato starch as an excipient, both as filler, a binder, and
a crushing agent on tablet preparations.

Introduction
The majority of the pharmaceutical industry in Indonesia is

limited in the industrial manufacture of finished drugs. This caus-
es the rise in demand for imported raw materials for medicines,
where almost 90% is imported, with a large bulk originating from
China, India, and Europe.1 The high dependence on imported raw
materials makes the Indonesian pharmaceutical industry very vul-
nerable, especially with the weakening of the rupiah, which
increases production cost.1 The industry needs to transform, not
only as a formulation but also in the future, being able to be based
on research, development, and manufacturing, producing raw

materials independently.1 Physical and chemical modified starch
is a medicinal ingredient still imported in Indonesia. In various
countries such as India, China, and New Zealand, the starch mod-
ification effort has been excellent to produce various derivatives
with diverse characteristics suiting their functions in pharmacy.2-4

Several studies examined the potential of various tropical starch
from local Indonesian bulbs, especially sweet potato. Excipients
and other active components are usually added to tablet formula-
tions. 5-7 There are non active ingredients that can be directly com-
pressed into tablets without excipients.8

Starch from local sweet potato needs a chemical modification
process to produce derivatives with better specific pharmaceutical
characteristics. The modification include the use of sodium tri
polyphosphate8 and sodium acetate.9 Therefore, this research aims
to utilize local Indonesian plants, such as sweet potatoes, to devel-
op raw pharmaceutical materials. Sweet potato was chemically
modified using pentanol-1 and glacial acetic acid to improve its
pharmaceutical properties for the production of tablets.

Design and Methods
This research is experimental. It is divided into three stages.

The sweet potato varieties at hand were determined in biology lab-
oratories. The stages then involved the extraction process to obtain
sweet potato starch and the chemical modification of the starch
using pentanol-1 and glacial acetic acid. The alteration was
obtained by mixing 125 ml of pentanol-1 into 125 g of unmodified
starch, then blending for 30 minutes at room temperature. The
blend is further mixed with 375 ml of aquadest and dissolved.
Thereafter, 8 ml of glacial acetic acid is added to the solution and
heated to 45°C for 60 minutes stirring. The residue after filtration
was washed with aquadest four times. The precipitate was dried in
the oven and mashed using a sieve. The third and final step is the
analysis of the pharmaceutical properties of mutated and unmodi-
fied sweet potato starch and amprotab using a comparative
descriptive method. It included: organoleptic, microscopic, solu-
bility, iodine identification, particle size, powder flow properties,
tapping test, and compactibility.
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Significance for public health

Sweet potatoes are Indonesia native plants that have potential for use as pharmaceutical raw materials. Starch from sweet potatoes needs a modification process to
produce derivatives with better and specific pharmaceutical characteristics. We describes the development of sweet potato as excipient in tablet formulation can pro-
vide better level security for human than synthetic excipients, so it could avoid more serious side effects caused by the use of synthetic excipients.
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Results and Discussions
Based on the particle size test on the three types of sweet pota-

to starch and Amprotab, the average result was set out in Table 1.
Flow time tests on chemically modified and control starch shows
lack of flow time. Based on the tapping test on three types, the
average index obtained is shown in Table 2. Table 3 shows the
average values obtained based on the compatibility test. The
organoleptic examination shows chemically modified sweet potato
starch is a fine powder with white color and no taste or smell.
Furthermore, there was no significant difference between the mod-
ified sample, the remaining unmodified sample and Amprotab.
Microscopic examination showed a single-grained and spherical
chemically modified sweet potato starch with a hilus in the middle
of the particle. Dissolution in aquadest was meant to test the solu-
bility of the sample, and the results showed it did not dissolve in
water. Sweet potato starch and Amprotab produce purple and dark
blue colors in Iodine with a similarity in the particles analysis.

Organoleptic examination
This test was carried out to determine the shape, color, smell,

and taste. The results show the two types of chemical modified
sweet potato starch are in form of fine powders and white color.
The same was observed for Amprotab and the unmodified sam-
ple.10

Microscopic examination
A x40 magnification showed the chemically modified sweet

potato starch was spherical shape, and appeared as a single grain
with a hilus in the middle of the particle. The results remained con-
stant when the same test was carried out to compare with unmodi-
fied starch and Amprotab.10

Solubility examination
Chemical modified sweet potato starch was dissolved in

aquadest. The results show no solubility in water. The same test
findings were reached with the remaining sample materials.
According to Rowe et al., starch is insoluble in water11,12 since it
contains large amounts of amylopectin, which is insoluble.13

Iodine identification
The sweet potato starch produce purple color while Amprotab

showed dark blue pigments.  This is attributed to the larger
amounts of amylopectin than amylose in its composition.
However, Amprotab’s composition shows contrary results with
more amylose.13 The formation of a purplish-blue color is due to
the reaction of amylose and iodine forming a complex substance,
while the amylopectin from starch turns a bluish or violet color.14

Particle size analysis
The results indicated similar sizes for the test sample material.

According to Indonesian Pharmacopoeia, the microscopic exami-
nation results of starch diameter is 5-10µm and 20-35µm for small
and large grains, respectively.10 The size of particles affects the
physical and chemical properties of the drug, including the rate of
dissolution, texture, and homogeneity.15 Sweet potato starch and
Amprotab have a small and excellent particle size, which causes
variations in the weight of the tablet. Starches with particle sizes
that are too small affect the uniformity of the tablet contents.16

Powder flow properties test
This test is based on flow time and stationary angle.14 Good

flow speed requirements are >10 g/sec (free-flowing) and 4-10
g/sec (easy flowing).15 The test showed that all the sample material
do not have flow time, which means they have poor movement
properties. This condition is attributed to their small and fine par-
ticle size, which increases their cohesion power and slow down the
powder flow. Good fixed angle value of starch is 20o-40o, and
above 50o, the flow presents difficulties, and might even be impos-
sible.15 Several factors influence the stationary angle, including the
tensile and frictional forces between particles. The angle is nar-
rowed if the magnitude of the factors is reduced.17 Without the
flow time, the stationary angle cannot be measured; hence the
starches were declared not to meet the requirements of good flow
properties.

Tapping test
The test shows a decrease in the volume of granules due to

pounding and vibration. Generally, a smaller tapping index (%)
makes the flow properties better. A small compressibility value
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Table 1. Particle size test on the three types of sweet potato starch
and Amprotab.

No.   Type of starch                                                    Particle size
                                                                                  average (µm)

1.         Unmodified starch                                                                        15.80
2.         Modified starch using pentanol-1                                             12.90
3.         Modified starch using glacial acetic acid                                 15.20
4.         Amprotab                                                                                        18.25

Table 2. Tapping test on the three types of sweet potato starch and
Amprotab.

No.   Type of starch                                                Average tapping 
                                                                                      index (%)
1.         Unmodified starch                                                                         20.6
2.         Modified starch using pentanol-1                                              24.6
3.         Modified starch using glacial acetic acid                                  28.0
4.         Amprotab                                                                                         15.4

Table 3. Compatibility test on the three types of sweet potato starch and Amprotab.

No.      Type of starch                                                                                               Hardness scale
                                                                                         5                                                    6                                                     7
                                                                    Average of compactibility           Average of compactibility           Average of compactibility

1.             Unmodified starch                                                                  -                                                                 0.56                                                               1.00
2.             Modified starch using pentanol-1                                    0.62                                                              1.04                                                               2.55
3.             Modified starch using glacial acetic acid                        0.59                                                              0.84                                                               2.01
4.             Amprotab                                                                                0.72                                                              1.53                                                               4.52
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shows the granules organize themselves for tapping, leading to
volume reduction.18,19 Essentially, powders with a tapping index
lower than 20% have good flow properties.20 The results in Table
2 show the average tapping index of all sweet potato starch is more
than 20%. And, is in contrast from Amprotab’s with an index of
less than 20%. This shows that sweet potato starch has poor com-
pressibility.

Compatibility test
This test was meant to determine the ability of the powder to

form a compact mass. In general, the size of particles affects the
compactness of the tablet when printing. Small-sized and fine
powder fills the printing space well.16,21,22 In this experiment,
sweet potato starch was modified using pentanol-1, glacial acetic
acid, and Amprotab to form tablets on a hardness scale of 5, 6, and
7. Unmodified starch only forms tablets on a hardness scale of 6
and 7, showing that modified starch is more compact.

Conclusions
The physio-chemical characteristics of laboratory modified

sweet potato starch show the same features of Amprotabs.
However, mutated sweet potato and Amprotab have equal compat-
ibility strengths. Overall, modified sweet potato starch has better
pharmaceutical properties. Further research needs to be conducted
on the magnitude of the potential of sweet potato starch as an
excipient, both as a filler, a binder, and a crushing agent on tablet
preparations.

References
1. Badan Koordinasi Penanaman Modal. Peluang Investasi

Sektor Industri Bahan Baku Obat di Indonesia. Jakarta: Badan
Koordinasi Penanaman Modal; 2016.

2. Huang T, Zhou D, Jin Z, et al. Effect of repeated heat-moisture
treatments on digestibility, physicochemical and structural
properties of sweet potato starch. J Food Hydrocolloids
2016;54:202-10.

3. Babu A, Parimalavalli, and Rudra S. Effect of citric acid con-
centration and hydrolysis time on physicochemical properties
of sweet potato starches. Int J Biol Macromol 2015;80:557–65.

4. Zhu F, Wang S. Physicochemical properties, molecular struc-
ture, and uses of sweetpotato starch. Trends Food Sci Technol
2014;36:68-78.

5. Jubril IM, Mohammed GT. Effects of phosphate modified and
pregelatinized sweet potato starches on disintegrant property
of paracetamol tablet formulations. J Appl Pharm Sci
2012;02:32-36.

6. Bayor MC, Tuffour E, Lambon PS. Evaluation of starch from
new sweet potato genotypes for use as a pharmaceutical dilu-
ent, binder or disintegrant. J Appl Pharm Sci 2013;3:17-23.

7. Odeku, OA. Potentials of tropical starches as pharmaceutical
excipients: A review. J Starch‐Stärke 2013;65:89-106.

8. Haeria D, Nur S, Rahmi AA. Potensi Pati Umbi Tire
(Amorphopallus Onchopyllus) Pregelatinasi Paut Silang seba-
gai Bahan Tambahan Tablet Kempa Langsung. J Ilmiah
Farmasi Farmasyifa 2018;1:52-61.

9. Retnaningtyas DA, Putri WD. Karakterisasi Sifat Fisikokimia
Pati Ubi Jalar Oranye Hasil Modifikasi Perlakuan STPP (Lama
Perendaman dan Konsentrasi). J Pangan dan Agroindustri
2014:68-77.

10. Departemen Kesehatan Republik Indonesia. Farmakope
Indonesia, Edisi IV. Jakarta: Departemen Kesehatan Republik
Indonesia; 1995.

11. Rowe, R.C, Sheskey, P.J, Quinn, M.E. Handbook of
Pharmaceutical Exipients, Sixth Edition. London:
Pharmaceutical Press; 2009.

12. Muazu J, Musa H, Isah AB, Bhatia PG, et al. Extraction and
characterization of Kaffir potato starch: a potential source of
pharmaceutical raw material. J Nat Prod Plant Resour
2011;1:41-9.

13. Bolhuis, G. K. Formulation and Disintegration Aspect of
Tablet Prepared by Direct Compression and Wet Granulation,
Laboratory for Pharmaceutical Technology and Dispensing.
Groningen: University of Groningen; 1998.

14. Winarno FG. Kimia Pangan dan Gizi, Edisi 2. Jakarta: M Brio
Press; 2008.

15. Arisanti, CIS, Wiradewi, NMA, Wijayanti, NPAD. Pengaruh
Perbandingan Amilum Singkong (Manihot esculenta Crantz.)
Fully Pregelatinized dan Gom Akasia terhadap Sifat Fisik
Eksipien Co-processing. J Farmasi Udayana 2014;3:91-8.

16. Lachman LA, Lieberman H, Kanig, JL, et al. Teori dan Praktek
Farmasi Industri. Jakarta: Universitas Indonesia; 2007.

17. Fonner DE, Anderson NR, Banker GS. Granulation
Technology and Tablet Caracterization in Lieberman, H. A.,
Lachman, L., Kanig, J. L., (editor) Pharmaceutical Dosage
Forms: Tablets, Vol. II, New York: Marcel Dekker Inc; 1990.

18. Khaidir, Sutrisna, Murrukmihadi, Mimiek dan Kusuma, dan
Aris P. Formulasi Tablet Ekstrak Kangkung Air (Ipomoea
aquatica F.) dengan Variasi Kadar Amilum Manihot Sebagai
Bahan Penghancur. J Ilmiah Farmasi; 2015. 

19. Damayanti IP, Sulaiman TN, Bestari AN, et al. The
Formulation of Pacing (Costus speciosus) Extract Tablet by

                                                                                                    Article

Correspondence: Stefanus Supriyanto, Department of Health Policy
and Administration, Faculty of Public Health, Universitas Airlangga,
Jl. Mulyorejo, Surabaya, Jawa Timur 60115, Indonesia.
Tel: +62315920948 - Fax: +62315924618
E-mail: stefpriyanto49@gmail.com.

Key words: Modified starch; sweet potato; excipient development.

Contributions: The authors contributed equally. Prof. Stefanus
Supriyanto and Dr. Yandi Syukri heve been co-facilitator of the study.

Conflict of interest: The authors declare no conflict of interest.

Funding: The authors and Universitas Airlangga supported the work.

Acknowledgments: Appreciations go to teachers of the University for
their friendly Support.

Clinical trials: This study did not involve any clinical trial.

Conference presentation: Part of this paper was presented at the 4th

International Symposium of Public Health, October, 29th-30th 2019,
Gold Coast, Australia.

Received for publication: 6 March 2020.
Accepted for publication: 13 June 2020.

©Copyright: the Author(s), 2020
Licensee PAGEPress, Italy
Journal of Public Health Research 2020;9:1831
doi:10.4081/jphr.2020.1831
This work is licensed under a Creative Commons Attribution
NonCommercial 4.0 License (CC BY-NC 4.0).

                                                                [Journal of Public Health Research 2020; 9:1831]                                             [page 163]



[page 164]                                              [Journal of Public Health Research 2020; 9:1831]                            

Using Avicel® Ph 200 As Filler-Binder and Amylum As
Disintegration Agent. Indonesian Journal of Pharmacy
2018;29:29-36.

20. Fassihi, A.R and Kanfer, I. Effect of Compressibility and
Powder Flow Properties On Tablet Weight Variation, Drug
Development and Industrial Pharmacy. New York: Marcell
Dekker Inc;1986.

21. Kannan K, Manikandan M, Periyasamy G, et al. Design,

development and evaluation of metoprolol succinate and
hydrochlorothiazide bilayer tablets. J Appl Pharm Sci
2012;4:1827-15.

22. Sharma D, Singh G, Kumar D, et al. Formulation development
and evaluation of fast disintegrating tablets of salbutamol sul-
phate, cetirizine hydrochloride in combined pharmaceutical
dosage form: a new era in novel drug delivery for pediatrics
and geriatrics. J Drug Deliv 2015: 2015:640529.

                            Article


