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ABSTRACT

Introduction: Alginate is the most commonly used impression material
in dentistry for creating accurate impressions of soft and hard tissues in
the oral cavity. Its properties can be modified by adding starch, as both
alginate and starch contain polysaccharides. This modification affects
not only alginate's dimensional stability but also its setting time. This
study aimed to analyze cassava starch and modifies cassava starch on
the setting time of alginate. Method: This experimental laboratory
study measured the setting time of pure alginate, alginate with 40%
cassava starch, and alginate with 40% modified cassava. Analyze data
using Anova and Post Hoc LSD Test. Results: The fastest setting time
was observed in pure alginate (89+2,23 seconds), followed by alginate
with 40% modified cassava starch (150+3,01 seconds), and alginate
with 40% cassava starch exhibited the longest setting time (211+3,57
seconds). A one-way ANOVA test showed significant differences
between the setting times of pure alginate, alginate with 40% cassava
starch, and alginate with 40% modified cassava starch. The post hoc
LSD test showed that there were significant differences in each
treatment group. Conclusion: The addition of cassava starch and
modified cassava starch affects the setting time of alginate. Pure
alginate sets the fastest, followed by alginate with modified cassava
starch, while alginate with cassava starch has the longest setting time.
The addition of both natural and modified starch has a significant effect
on the setting time of alginate with different effects between the two.

Alginate, modification, cassava starch, modified cassava starch, setting time

INTRODUCTION

Alginate is the most commonly used impression material in dentistry due to its
low price, ease of use, and fast setting time.! It belongs to a group of irreversible
hydrocolloid impression materials and is widely utilized for producing study and
working models. Alginate offers several advantages, such as water-bonding, good
elastic recovery, and modifiability.2

However, alginates also have some notable disadvantages, particularly their
inferior dimensional stability compared to elastomeric impression materials. Alginate
is susceptible to dimensional changes through imbibition and syneresis if exposed to
open air for more than 12 minutes. These changes can compromise the accuracy of
the impression and reduce the reproduction of fine details.!3 Comprising
approximately 85% water, alginate is particularly vulnerable to distortion, affecting
its dimensional stability.* Imbibition (humidity absorption) and syneresis (humidity
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loss) are primary factors contributing to these dimensional changes. Alginate in
contact with water undergoes imbibition, resulting in volume expansion, while
alginate exposed to air experiences syneresis, leading to volume reduction.>:7

Alginate impression materials can be modified by adding starch to alginate
powder before the mixing process. This maodification is based on the polysaccharide
content shared by both alginate and starch.8 Alginate is a polysaccharide-type
carbohydrate composed of alginic acid polymer chains,®10 while starch is a
polysaccharide consisting of amylose and amylopectin polymer chains.112 The
amylopectin content in starch induces partial hydrolysis of alginate through cross-
linking with the carboxyl groups of alginate. Amylose, on the other hand, has the
ability to form faster hydrogen bonds with water, thus affecting the development and
absorption of water in starch granules.13:14

Alginate modification with the addition of starch affects not only the dimensional
stability but also the setting time of the alginate.1> Setting time refers to the duration
from when alginate is mixed with water until it loses its attachment and hardens. 16
Setting time is an important parameter for determining whether or not the mold is
well formed. Before setting, alginate flows to replicate the anatomy of the oral cavity.
After setting, the flowability of the alginate ceases, and it solidifies, forming a detailed
mold of the oral cavity.!> According to the ADA (American Dental Association)
specification No. 18, alginate setting times are divided into fast-setting (1-2 minutes)
and normal-setting (3-4.5 minutes) types.16

Cassava (Manihot esculenta) is the highest starch-producing plant, with a starch
content ranging from approximately 73.3-84.9%. Cassava starch is recognized by
the FAO (Food Agricultural Organization) as a consumable material and is widely
used in the food and beverage industry.17-1° The amylose and amylopectin content
in cassava starch contributes to its sticky properties and its ability to transition from
hydroxyl to hydrogel when in contact with water,20:21

In practice, cassava starch can be divided into natural cassava starch and
modified cassava starch.??2 Modified cassava starch is starch that has undergone a
series of modified processes to produce starch with better characteristics than natural
starch.23.24 One of the modification processes of starch is by fermentation using lactic
acid bacteria that results in characteristic changes such as viscosity value, gelation
ability, ease of dissolution, and rehydration power in starch.2225.26

Febriani (2012) stated that adding starch to alginate impression materials
resulted in improved dimensional stability compared to pure alginate impression after
30 minutes of exposure at room temperature.i8 Belia et al. (2023) investigated the
effects of adding 40% cassava starch and 40% modified cassava starch to alginate.
Their findings indicated that alginate with 40% modified starch exhibited the least
dimensional change, followed by alginate with 40% cassava starch, while pure
alginate showed the greatest dimensional change.?’

Although several studies have examined the influence of starch addition on the
dimensional stability of alginate, no prior research has specifically investigated how
cassava starch and modified cassava starch affect the setting time of alginate
impression materials. Understanding this relationship is essential because the setting
time directly determines the working characteristics and clinical usability of alginate-
based impressions.

The novelty of this study lies in its experimental evaluation of the effect of both
natural and modified cassava starch on the setting time of alginate impression
materials, an aspect not previously explored. By comparing the performance of pure
alginate, alginate with cassava starch, and alginate with modified cassava starch,
this study provides new insight into how starch modification influences alginate
polymerization behavior and gelation dynamics. Therefore, this study aimed to
analyze cassava starch and modifies cassava starch on the setting time of alginate.
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METHODS

This experimental laboratory study employed a post-test-only control group
design. The study was conducted in the Skills Laboratory of the Faculty of Dentistry
at Andalas University. The study included three sample groups: pure alginate as the
control group, alginate with a 40% addition of cassava starch, and alginate with a
40% addition of modified cassava starch as the treatment groups. The materials
used were Hygedent alginate (Hygedent Inc., China), Pak Tani Gunung cassava
starch (P.T. Budi Starch and Sweetener TBK, Indonesia), and Mocafine modified
cassava starch (P.T. Rumah Mocaf Indonesia, Indonesia).

Picture 1. (a) acrylic plate (b) impression tool (tray)**

This study was conducted by mixing alginate powder with pure starch powder
before stirring. Samples were prepared using an acrylic plate with a diameter of 5
mm and a height of 20 cm and an impression tool made of stainless-steel material
with a diameter of 48 mm and a height of 23 mm (Picture 1). A total of 30 samples
were prepared, divided equally among the three treatment groups. Setting times
were measured using a stopwatch, and the data were subsequently analyzed using
one-way ANOVA followed by the Post Hoc LSD test.

Table 1. Chemical Composition per 100 g of Cassava Starch and Modified Cassavastarch
(Directorate of the Ministry of Nutrition, 2017)

Composition Cassava Starch Modified Cassava Starch
Amylose 17% 21.04%-29.2%
Amylopectin 83% 79.6-78.8%

Starch 88,2 85.0

Protein 1.1 1.2

Fiber 0.9 6.0

Residue 1.1 1.3

Fat 0.5 0.6

Water 9.1 11.9

The setting time was measured from the moment alginate was mixed with water
until gelation occurred, characterized by the loss of alginate adhesion to the acrylic
plate. The mixture was prepared using a water-to-powder (W/P) ratio of 4 grams of
starch, 6 grams of alginate and 22 ml of water as prescribed by the manufacturer of
the product. The setting time was measured by inserting the tip of the acrylic plate
into the mold for two seconds and then quickly removing it. The tip of the acrylic
plate was then checked for alginate residue using a tissue.

Picture 2. Setting Time MeasurementProcess
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The setting time measurements were performed by a single operator to
minimize variability (Picture 2). Checks were conducted at 5-second time intervals
until no alginate residue remained on the acrylic plate. The measurement result data
obtained were subsequently analyzed using statistical tests.

RESULTS

The results of the research demonstrated that pure alginate exhibited the fastest
mean setting time (89.10 seconds), followed by alginate with 40% modified cassava
starch (150.00 seconds) and alginate with 40% cassava starch, which showed the
longest mean setting time (211.10 seconds).

Table 2. One-Way ANOVA of Alginate Setting Time

Groups n Mean(s) sd P-Value
100% Pure Alginate 10 89.10 2.23
Alginate with the addition 0f40% cassava starch 10 211.10 3.57 0.000
Alginate with the addition of 40% modified 10 150.00 3.01

cassava starch

Based on Table 2, the one-way ANOVA test revealed a p-value <0.05, indicating
statistically significant differences in setting time among the treatment groups. To
further analyze the differences between specific groups, a Post Hoc LSD test was

conducted.
Table 3. Post Hoc LSD Test of Alginate Setting Time
Alginate 100% Alginate with the ::fg.';?:: (‘;‘;‘;'(‘):/"e
Groups addition of 40% ft °
cassava starch modified cassava
starch
Alginate 100% 0.001" 0.001*
Alginate with the
addition of40% 0.001"

cassava starch
Alginate with the
addition of40%
modified cassava
starch

*= significant differences (p <0.05)

DISCUSSION

Alginate, a hydrocolloid impression material, is known for its relatively fast
setting time. Based on setting time, alginate is categorized into two types: Type I
(fast set), with a setting time of 1-2 minutes, and Type II (normal set), with a setting
time of 2-4.5 minutes.6:30 This variation in setting time provides dentists the option
of adjusting the type of alginate used according to the operator's workability. Setting
time in alginate can be modulated by regulating water temperature, adding
accelerators or retarders, changing the ratio of water to powder, and modifying the
material by adding other substances.!2

According to ANSI/ADA Standards No. 18, the minimum setting time of alginate
should be within 15 seconds of the manufacturer's specified working time, with an
average setting time of approximately 3-4.5 minutes for normal-setting alginate.3!
The results of this study showed that the setting times for all groups fell within the
range specified by ANSI/ADA Standards No. 18. The setting time was calculated
using a stopwatch and recorded. The study revealed the fastest setting time in pure
alginate with an average of 89.1 seconds, followed by alginate with modified cassava
starch with an average of 150 seconds, and the longest setting time in alginate with
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cassava starch with an average of 211.1 seconds. These findings suggest that the
addition of starch powder to alginate leads to a longer hardening time compared to
pure alginate.

Alginate with the addition of starch has a longer setting time because the
addition of starch to alginate causes the proportion of alginate powder to decrease,
resulting in gel formation being longer.32:33 Alginate has calcium chloride content as
a reactor for gel formation when it encounters water.!® When starch is added to
alginate, calcium ions preferentially react with the starch, and the hydroxyl groups in
starch interact more readily with water due to their hydrophilic nature.32 This would
inhibit the cross-link process of hydrogel formation in alginate, which causes a longer
setting time than pure alginate.!>18

This finding is consistent with the research by Utami et al. (2022), which
reported prolonged setting times with the addition of rice flour to alginate while
remaining within ANSI/ADA specification standards. Pure alginate undergoes a pure
gelation reaction resulting in a faster setting time, while alginate and starch addition
has a longer setting time because polysaccharide components in the starch slow down
the gelation reaction in the alginate, resulting in a longer setting time.32

Table 2 shows the average setting time of pure alginate, alginate with the
addition of cassava starch, and alginate with the addition of modified cassava starch.
Alginate with the addition of modified cassava starch exhibited a faster setting time
than alginate with the addition of cassava starch. This difference can be attributed to
the distinct physical and chemical properties of cassava starch and modified cassava
starch. Cassava starch contains 17% amylose and 83% amylopectin, while modified
cassava starch contains 21.04-29.2% amylose and 79.6-78.8% amylopectin.343> The
process of modifying cassava starch by fermenting it with lactic acid bacteria
increases the amylose content compared to unmodified cassava starch.36

Table 3 shows Post Hoc LSD test results on pure alginate, alginate with the
addition of cassava starch, and alginate with the addition of modified cassava starch.
There is a significant difference (p<0.05) in the setting time of each treatment group.
The addition of 40% cassava starch and 40% modified cassava starch resulted in
significant changes compared to pure alginate. There is a significant difference
between setting time alginate with 40% cassava starch and alginate with 40%
modified cassava starch. The addition of both natural and modified starch has a
significant effect on the setting time of alginate with different effects between the
two.

Belia et al. (2024) conducted a study on the effect of adding cassava starch and
modified cassava starch on the dimensional stability of alginate. Their study found
that alginate with modified cassava starch exhibited the least dimensional change,
followed by alginate with cassava starch, and finally pure alginate. The modified
starch causes changes in the characteristics of starch in the form of gelation ability,
increased viscosity, ease of dissolution, and rehydration of starch. The fermentation
process also causes the breakdown of starch granules so that modified starch can
bind more water than natural starch.?”

The limitation of this study is that the study only measures the alginate setting
time by adding cassava starch and modified cassava starch using acrylic plates with
5-second time intervals. The water powder ratio used in this study is a pure w/p ratio
alginate that affects not only setting time but also other physicochemical properties
of alginate.

CONCLUSION

The addition of 40% natural cassava starch and 40% modified cassava starch
significantly affects the setting time of alginate. Alginate with the addition of cassava
starch exhibited the longest setting time (211 seconds), followed by alginate with
modified cassava starch (150 seconds), while pure alginate demonstrated the fastest
setting time (89 seconds). Implication of this study can be applied in dentistry,
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namely in dental materials, by adding modified cassava starch to alginate before
printing.
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