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Abstract. The objective of the study is to determine the characteristic of moisture sorption
isotherm from fermented cassava flour by red yeast rice using various modeling. This research
used seven salt solutions and storage temperature of 298K, 303K, and 308K. The models used
were Brunauer-Emmet-Teller (BET), Guggenheim-Anderson-de Boer (GAB) and Caurie model.
The monolayer moisture content was around 4.51 — 5.99% db. Constant related to absorption
heat in the multilayer area of [GAB model was around 0.86-0,91. Constant related to absorption
heat in the monolayer area of GAB model was around 4.67-5.97. Constant related to absorption
heat in the monolayer area of BET model was around 4.83-7.04. Caurie constant was around
1.25-1.59. The equilibrium and monolayer moisture content on fermented cassava flour by red
yeast rice was decreasing as increasing temperature. GAB constant value indicated that the
process of moisture absorption on the fermented cassava flour by red yeast rice categorized in
type II.

1 Introduction

The fermented cassava flour by red yeast rice is flour made from cassava made by the fermentation
process by red yeast rice. In the process of making fermented cassava flour, cassava undergoes the
drying process. Dehydrated food products are susceptible to damage due to rising moisture content. The
moisture content in the food product will form the equilibrium with relative humidity. The relationship
between equilibrium moisture content and relative humidity is illustrated in a moisture sorption isotherm
curve. This curve is then modeled for further study. Earlier research suggests that GAB modeling is the
most suitable model to illustrate the relationship between equilibrium moisture content and the relative
humidity of cassava flour fermented by red yeast rice [1]. The purpose of this research is to determine
the characteristics of cassava flour fermented by red yeast rice using GAB, BET, and Caurie models in
depth.

2 Material and method

2.1 Material

The materials used were cassava and red yeast rice originally from Salatiga, aqua dest, NaOH, MgCl,,
K>COs, Mg(NO3),, KI, NaCl, and KCI. The tools used were drying cabinet, grinder, 61 mesh strainer,
incubator, sorption container, and moisture analyzer Ohaus BM 25.

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
BY

of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOIL.
Published under licence by IOP Publishing Ltd 1



The 12th Joint Conference on Chemistry IOP Publishing
IOP Conf. Series: Materials Science and Engineering 349 (2018) 012038 doi:10.1088/1757-899X/349/1/012038

2.2 Method

The flour was made based on the previous research conducted by earlier study [2]. The cassava was
peeled and then washed. Cassava is steamed for approximately 60 minutes, then drained and cooled
until cassava reaches room temperature. Cassava is cut and weighed as much as 1 kg then inoculated
with red rice yeast with a concentration of 12%, then fermented for three days at room temperature. The
fermentation product was dried at 55 © C until dry and then mashed and sieved with mesh sieve 61.

The measurement of equilibrium moisture content was done based on the method by Budijanto et al. [3]
which had been modifying the type of salt and the storage temperature. This research used seven kinds
of saturated salt such as NaOH, MgCl,, KoCO3, Mg(NO3),, KI, NaCl, and KCI. It was done to form
certain RH and storage temperature of 303K, 308K, and 313K.

The models used in this research were Brunauer-Emmet-Teller (BET), Guggenheim-Anderson-de Boer
(GAB) and Caurie. The equation for each model can be seen in Table 1.

Table 1. Equation of GAB, BET, and Caurie model

Model Equation Description
aw : water activity
m : equilibrium moisture content (% db)

GAB mokpCay, my : monolayer moisture content((% db)
m = .
(1- kbaw)(l - kya, + Ckbaw) c and ks, : constant
(a)
aw : water activity
m : equilibrium moisture content (% db)
BET qw 1 (C - 1) my : monolayer moisture content (% db)
v
(1 _ aw)m m,cC mec/ W C : constant
(b)
1 m : equilibrium moisture content (% db)
) 1 2C Bw C :Caurie Constant
Caurie In—=-1In(Cmy) + —In :
m Mg a,, mo : monolayer moisture content (% db)

ay : water activity

Monolayer moisture content can be determined from the equilibrium sorption isotherm data by fitting
BET, GAB, and Caurie model. Monolayer moisture content is one of the important parameters.
Estimates of monolayer moisture content are related to the stability of food products physically and
chemically. In the range below the monolayer moisture content, various food damage reactions are
infrequent. This is due to a very strong bound water with food products, and water does not participate
in the reaction. Determination of monolayer moisture content can be used to calculate the surface area
of solid from food product using BET and GAB model based on Equation 1.

Surface area of solid = my x 35.53 (1)
Monolayer moisture content in Caurie model and Caurie constant can be used to determine the properties
of sorbed water. Number of the adsorbed monolayer can be calculated by Equation 2 and bound water
content can be calculated by Equation 3. The density of adsorbed water in the monolayer calculation is
done by Equation 4 and surface area by Equation 5.

Number of adsorbed monolayer = ? 2)
Bound water content = my x Number of adsorbed monolayer 3)
Density of adsorbed water in the monolayer =Caurie Constant 4)
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mo

Surface area of adsorption = %)

C x diameter of a water molecule x108

3 Result and Discussion

The equilibrium moisture content of fermented cassava flour by red yeast rice has been published earlier
[1]. It is known that the equilibrium moisture content shows a decrease as the storage temperature
increases. At high temperatures, the molecules are in a state of excitation, thereby increasing the distance
between the water and the surface of the product that causes a decrease in attractiveness between them
[4]. Another reason is that higher temperatures give higher energy to water molecules that cause water
molecules tend to move and not bind to food products [5]. It was precisely correlated with the previous
research about the equilibrium moisture content of dry merunggai leaves in several temperatures [6] and
the research about moisture sorption isotherm on dry mung beans [5].

The data of equilibrium moisture content and water activity was then applied in the GAB, BET, and
Caurie equations to get description about absorption process on the sample. The valuable constants from
GAB, BET, and Caurie equations were shown in Table 2.

Table 2. GAB, BET, and Caurie constants on several storage temperatures.

Model GAB BET Caurie
Constant mo C ke mo c mo C
Temperature Article Article II Article I Article Article V Article Article®
303K 556 52641 0.8835 4.53 64751 598 1.2905
308K 554 59704 0.8593 451 7.0381 599 1.2494
313K 553 4.6685 09117 499 48345 506 1.5859

Dried Cassava (303K)”!  6.16 12.9004 0.8939 5.55 15.1463 - -
Cassava Flour (303K)® 728 15.550 0.8329 - - - -
Cassava Flour (308K)®  6.32  30.390 0.8677 - - - -

Gari (303K)"! 59 3864 0811 - - - -
Enriched Gari (303K)” 3.2 5.76  0.900 - - - -

Monolayer moisture content for GAB model was around 4.51-5.99% db and for BET model was around
4.51-4.99% db. Monolayer moisture content of fermented cassava flour by red yeast rice lower than
another cassava product except enriched gari using soy melon. The monolayer moisture content changed
as the composition changed as well. Commonly, monolayer moisture content of starchy food supply in
GAB model was around 3.2-16.3% [10]. In areas of low water activity, proteins and carbohydrates are
preferred sites of absorption at lower temperatures than higher temperatures. Proteins and carbohydrates
are preferred sites of absorption at lower temperatures is because proteins and carbohydrates have a
polar hydrophilic part with a high water binding capacity in it. Water also forms hydrogen bonds with
certain groups causing hydrophobic hydration [11]. But with rising temperatures, there is a decrease in
the number of hydrophilic groups, and hydrophobic hydrogen biopolymers also begin to break at higher
temperatures. It may cause a decrease in monolayer moisture content.

Constant (c) on GAB and BET models were connected to absorption heat in monolayer area. BET
constants were related to absorption heat in accordance with an algorithm in a monolayer area. Whereas
in accordance to algorithm BET constants were related to chemical potential differences of the water
molecule in the form of pure liquid in a monolayer area. GAB constants were related to variation in the
energy value in the monolayer area and the layers above [12]. BET constants score tended to be higher
than the score of GAB constants. It was the same with the research of Koua et al. [7] which used samples
from dry cassava. The decrease of ¢ was an indication of more enthalpy and a gain in kinetic energy
resulting in the loss of more moisture at higher temperature [13].
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The ky constant was a constant related to absorption heat in the multilayer area [14]. The ks, score was
around 0.8593-0.9117. Increase in k, was an indication that at higher temperature, the multilayer
molecules became more entropic [13].

The ko score was around 0.8593-0.9117, while the ¢ score was around 4.6685-5.9704. Those two
constants indicated that sorption isotherm on ”gaplek” flour fortified by protein from red bead tree flour
was following isotherm type II. Blahovec[15] said that if 0<k<1 and ¢>2, the sorption isotherm followed
type II. Type Il had a graphic about the relation of aw and m which is similar to letter S.

Once the monolayer moisture content was known, the solid surface area of the samples could be
determined. The solid surface based on GAB and BET model for each temperature shown in Table 3.

Table 3. The Solid Surface Based on GAB and BET Model

Model GAB BET Cassava
Temperature Article IX. Article X. Article XI.
303K 196.27 159.91 217.55
308K 195.56 159.20 -
313K 195.21 176.15 -

Monolayer moisture content in Caurie model and Caurie constant can be used to determine the properties
of sorbed water. The properties of sorbed water based on Caurie model shown in Table 4.

Table 4. The Properties of Sorbed Water Based on Caurie Model

Constant mo C N Density  Surface area of Adsorption ~ Bound water
303K 5.98 1.2905  4.6339  1.2905 126.1602 27.7107
308K 599  1.2494 47943  1.249%4 130.5282 28.7179
313K 5.06 1.5859 3.1906 1.5859 86.8668 16.1444

A larger surface area means a large number of exposed polar groups, resulting in increased water
absorption. Table 3 and Table 4 show the higher the temperature, the lower absorption surface area. This
is in line with previous research conducted by Koua et al. [7] using cassava as a sample.

The highest density is achieved at the highest temperature. Possibly at higher temperatures, the rate of
chemical reactions at the multimolar phase and capillary water condensation in region III also increased
which may have led to the increased solubilization of sugars present in considerable amounts in food.
This intermingling of the sugars with the water molecules may have caused an increase in the density
of the sorbed water as adding sugar or salt to water increases its density [7].

4 Conclusions

The equilibrium and monolayer moisture content on fermented cassava flour by red yeast rice was
decreasing as increasing temperature. GAB constant value indicated that the process of moisture
absorption on the fermented cassava flour by red yeast rice categorized in type II.
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