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Abstract—I ndonesianPorang flour (Amorphophallus muelleri Blume) is made into glucomannan flour because of its beneficial health
effects. However, the challenge in producing flour is calcium oxalate which must be eliminated, because it can irritate the skin and
may cause a kidney stones if the flour is consumed. Over the past 10 years, several batch grinding methods have been used to produce
good quality Porang flour. However, there has been no research on the continuous method of grindiRgrang flour using a ball mill.
Both the stamp mill and batch type ball mill processes had low production capacities. Therefore, the aim of this work is to design a
Continuous Porang Flour Mill (CPFM) machine and test its performance for Poranglour production. The CPFM machine consists of

a continuous ball mill and a cyclone separator. The experiments were carried out at a ball mill rotation speed of 65 + 1 rpm, with a
capacity of up to 780.67 g / h input of chip material, producing an output of 33.1 - 57.1%. The CPFM meets the low-temperature
grinding requirements but is still needed to provide acoustic hearing protection for the operator due to the high level of loudness.
CPFM produces Porang flour with glucomannan levels ranging from 80.79% to 87.79% and calcium oxalate ranging from 0.12% to
0.29%. The calcium oxalate content overall was under 0.3%, which is better compared when compared to other milling methods.

Keywords— porang powder; glucomannan powder; ball mills grinding; calcium oxalate.

irritation, and if it is consumed, may form kidney stone
I. INTRODUCTION crystals [8], [9]. It is generally shaped like a needle with a

There are two essential components to be considered inlgngth of approximatgly_ 2.pm [10]. I_—Iowever, over the last
the Porang flour production. The first is glucomannan five years, more variations of calcium oxalate shapes have

which is a high viscous water-soluble hetero-polysaccharide _been found in. various parts pf tiorang plant. _These
which consists oB-D-glucose (G) and3-D-mannose (M) mc;luded raphide or needle-like crystals, styloid, drafts,
with a ratio of G/M from 1 to 1.6 [1]. This has beneficial pnsmsl, and a range of small crystals (1 -ub%) and larger
effects on health including anti-obesity, anti- cr):os:ta S d(zo'l- 2(150'm) [1h1]. £ C o Food
hyperglycaemic, anti-hyper cholesterol, its use as a ch S Ietalg d n IiCeC ur(szez;\ln Cr(])_mmlss;\(/l)_n,_ oof
prebiotic, and has the potential for use in the food and non-A e_mllcas 13 6;4( P ), a;|1 the m_es;; nistry o
food industry [2]-[4]. It is usually extracted from konjac griculture [12]-[14], orang flour 1S required as a raw
bulbs @morphophalius konjac) and konjac glucomannan material for a standardized glucomannan and konjac flour.
has a molecular weight of 1.34¥1[8]. Over the last ten Research has be_en pondupted:’orang glucomannan flour
years in Indonesia, an alternative source of glucomannan hag" order to establl_sh its purity and meet comme_rual standard
come fromPorang bulbs (Fig. 1).Porang glucomannan has requirements. This was conducted using multilevel ethanol
a molecular weight of 1.27x10[6]. Commercial grade leaching and ultrasonic maceration [6], [15], [16]. The
glucomannan has an average size particle of 112.83 + 0 soultrasonic maceration process was found to increase the
um [7]. The second component of thRorang flour  9lucomannan purity in the flour from 67.02 % to 84.37 %
production is the small amount of calcium oxalate, which 8”(?6 4reo>jucles th_?h caIC|urc;1 gxalgte c_cf)_gttgnt frcf)lm Oh398 to
must be eliminated. It is harmful to health, may cause skin = 6 [15]. The standardized purifi€drang flour has
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been applied to various food products for their physical
property’'s improvement such as sausage [17] and
restructured meat [18].

Fig 1.Porang (Amorphophallus muelleri Blume)

When design an efficiefRorang flour mill it is important
to consider several factors. These will include production
capacity, yield, glucomannan content, and calcium oxalate
content. The production of flour frorRorang chips is
usually done using a stamp or a hammer mill [10]. It was

reported that a typical stamp mill has a production capacity

of 2.34 kg per 15 hours, with 50-60% yield of flour [10],

[19], [20] with a glucomannan content of 67.20% and
calcium oxalate content of 0.398% [15], [16]. However, a
hammer mill had a high calcium oxalate content of 0.800%
[10].

Over the last 5 years, there has been an increase in the use

of a batch type ball mills with a fixed ball to chip mass ratio,
which processed 1.5 kg &forang chips in 4 hours [21]-
[23]. The glucomannan content was 71.34% and calcium

oxalate content 3.23 % [22]. It should be noted that both the

stamp mill and batch type ball mill processes had low
production capacities. This study aims to design a
Continuous Porang Flour Mill (CPFM) and to test its
performance for producingorang flour.

Il. MATERIALS AND METHODS

A. Materials

The raw material properties and chip preparation were
carefully considered. ThBorang bulbs were more than 2
years old and originated from Pajaran Village, Saradan,

length 2 and 65 mm in diameter. This was filled with 17 kg
of 3 different types of stainless-steel balls. The diameters of
the balls and their ratios are presented in Table Il. Three
lifters set at an angle of 120° and 1cm in height, were
located inside the inner cylinder. The ball mill rotation was
driven by an electric motor and regulated using Toshiba
inverter VF-S11. The ball mill inlet blower provided fresh
air supply for cooling and bleworang chips from the inlet
hopper into the milling body. A 500m filter was installed
in the outlet of the ball mill body. An on-off periodic
pressurized air supply was introduced into ball mill outlet at
a rate of 1 second on and 5 seconds off to clean the filter and
to push the flour into cyclone separator unit. The cyclone
separator unit was made of fiberglass and constructed in the
form of 1D3D cyclone [24]. The blower was installed in the
top part of the barrel of the cyclone separator and the
Toshiba inverter VF-S15 regulated the suction velocity.
Filtered particles of flour from the ball mill outlet were then
separated using a 1D3D type of cyclone separator with D =
cm.

Air Chip I
suction &  Inlet Ball mill unit CyC|0n_?jeparat0f
A A
Light
4 = — fraction
i —— mil i . collector
—— i I |1 i
! !
Heavy
—» fraction
— collector
Fig 2. Design of CPFM
TABLE I
DIAMETER AND RATIO OF STAINLESS-STEEL BALL
No Ball Diameter (mm) Ratio
1 244+ 0.4 4
2 36.1+ 1.0 2
3 44,7+ 0.3 1

C. Experimental Setup

Madiun, East Java, Indonesia. The diameter of the bulbs was

220 + 51 mm. These were washed, sliced to a thickness of

511 mm, and oven-dried at 70°C for 20 hours. Finally, the

1) Pre-test of the ball mill operation: In order to ensure
the optimal milling for the ball mill, a pre-test of the ball

properties of the bulb and chip samples were analyzed andmill rotation was conducted. The pre-test was conducted

the results as shown in Table I.

TABLE |
INPUT MATERIAL PROPERTIES

Water Glucomannan Calcium

Input Materials Content Content (%) Oxalate
(%) Content (%)

Fresh porang | g5 05+ 0.19 3.70£0.10
bulb
Porang chip 8.60 +1.27 48.65 + 0.64 10.38 £ 0.7

B. Design of the Porang Continuous Flour Mills (CPFM)

The CPFM consisted of two main units which wére
ball mill unit and cyclone separator unit as shown in Fig. 2.
The cylindrical body of the ball mill unit was made of
stainless steel. The ball mill inner body was 300 mm in
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with the balls andPorang chips volume of 25% of the total
inner body volume, and the ball mill rotational velocity was
determined. The determination of optimal rotational velocity
was based on a calculation and visualization method. Firstly,
a calculation was conducted to obtain the optimal value of
rotational velocity for the ball mill, which was set at 65-80%
from critical rotational speed [25] or at 70-80% from critical
rotational speed [26]. Equation 1 was used for critical
rotational speed calculation.

N=223

D2

N = Critical rotational velocity (rpm)
D = Cylinder diameter (m)

(1)



The visualization method capturégtle mass trajectory  B. Pre-Test of the Ball Mill Operation

inside the ball mill body by using a 10.1 MP Sony camera  The pre-test of the ball mill operation was conducted to
DSC-S3000 with and without flour load to record the getermine its optimal rotational velocity using two methods.
milling process. The first used Equation 1 to calculate the critical speed

2) The performance of the CPFM: To study the cyclone  rotation of a 265 mm ball mill which resulted in 82.2 rpm.
particle collection characteristic of the flour, the This was followed by the calculation of th% optimal
performance othe CPFM was measured at three levels of rotational velocity and was found to be 80% of the
cyclone suction velocity: 5 + 0.1 m/s, 7 + 0.1 m/s, and 10 + calculated critical rotational speed which was 65.7 rpm. The
0.1 m/s. The heavy fraction of flour collected at the bottom S€cond method used a visualization method of the mass
part of the cone, while the light fraction collected at the top trajectory experiments during the milling process using
part of the barrel of the cyclone unit. In addition, important several rotational velocities with the results presented in
physical and chemical performance parameters were Table IV. These show that below optimal rotational
measured. The physical performance parameters consistedf@locities (25 and 48 rpm) optimal milling did not occur. At
of chip compressive strength, temperature distribution, this point, friction forces were more dominant than collision
cyclone suction velocity, sound loudness level, particle size, forces. On the other hand, above optimal rotational
yield, production capacity, particle size, and distribution. Velocities (83 and 100 rpm), critical rotational velocity
The chemical performance parameters included water occurred with centrifugal forces dominant while collision
content, glucomannan, and calcium oxalate content. and friction forces were reduced. In order to achieve

There were several instruments used for physical oPtimal milling conditions, both collision and friction forces
analysis. For example, chip compressive strength was Should be present. It is interesting to note in Table IV that
measured using an Imada Digital Force Gauge model zp-both the calculation and visualization methods confirmed

200N. The cyclone suction velocity was measured using athe optimal rotational velocity was 651 rpm.

CMM/CFM Thermo-Anemometer VA893. The temperature TABLE IV

at the inlet, outlet, and ithe environment was measured by CAPTUREDMILLING BALLS TRAJECTORIESBASED ONROTATIONAL
a K type thermocouple and recorded in a GRAPHTEC midi VELOCITY

logger GL820. The level of sound during the milling Rotational Flours and Balls
process was recorded using an EXTECH sound level meter] Velocity (rpm) Balls Only Loaded

type 407732. Finally, the light and heavy fractions of the - Gl
collectedPorang flour were analyzed for their particle size ' .
distribution using a CILAS 1090-dry particle size analyzer.
As noted above, three types of chemical analyses were
conducted to measure the water content, glucomannan, and
calcium oxalate content. Water content was measured using
a standard oven analysis [27]. The analysis of glucomannan
content was based on [12], and levels of calcium oxalate
content used a volumetric analysis method [20]. Leaching of
Porang flour uses three-level of ethanol concentration [20].

25+1

48+1

I1l. RESULTS ANDDISCUSSION

A. Porang Chip Compressive Srength

Compared to potato or cassava chiarang chips have 65+1
approximately four times higher compressive strength with
approximately the same water content and thickness level
(Table IIl). Therefore, more energy in the CPFM was
required for milling the chips. Unlike potato or cassava 83+1
chips which consist mainly of starch, the higher compressive
strength ofPorang chips was more predictable due to the
glucomannan present. It was confirmed that Boeang
glucomannan particles were bigger and harder than its

; ... . . . 1001
impurities which included starch and calcium oxalate.
Therefore, the glucomannan granules could not easily be
smashed into fine particles in the milling process [6].
TABLE Ill .
PHYSICAL PROPERTIES OFAGRICULTURAL CHIP COMMODITIES C. The Physical Performance Parameters
Agricultural | Water Contentl Chip Thickness Compressive Th(_a d'SCl_JSS'On of ph}’s'ca' parameters of t_he_ CRFM
Commodity (%wb) (mm) Strength(MPa) machine (Fig. 3) comprises of temperature distribution,
Porang Chip —+1:41+0.12 2.75£0.23 416£1.13 sound loudness level, particle size distribution, yield, and
9P 732+ 0.21 2.00%0.12 270+1.24 production capacity.
Potato Chip 9.33+0.87 1.62 +0.16 0.89 + 0.36
Cassava Chip|  8.47 £0.25 2.85 +0.05 0.81 +0.04)
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Fig 3. The CPFM

1) Temperature distribution: Milling temperature was
monitored at three locations in the ball mill unit: the
environment, the inlet, and the outlet (Table V). The

temperature differences in the three locations were less than

5°C and did not exceed %5. Due to the blower’s heat
produced from its electric coils, the inlet temperature was
3°C higher than in the outlet. The collision and friction
forces acting inside the miling body may have also
contributed to the temperature increase.
increase was no more thafC3 it suggests that the milling
process had an insignificant effect on overall processing
temperature. The regulation of the temperature for the
milling process is essential as a low-temperature could
preserve the glucomannan granules in the flour. According
to previous research, decomposition may occur in the
glucomannan’s constituent molecules. For example, the
glucose molecule starts to degrade at 235[28] or to
decompose at 308C [29]. In addition, a caramelization
process may occur if the temperature reaches’Cl60
Therefore, it is important for efficient CPFM operation that
the temperature parameters are within the range to produc
Porang flour.

TABLE V
TEMPERATUREPROFILE OF THECPFMOPERATION
Cyclone Temperature

\?;gtéi; Position Average Min Max

(m/s) (°C) (°C) (°C)
Environment 28.8+0.5 275 29.4
51+0.1 Inlet 33.7+1.7 28.1 35.5
Outlet 329+23 28.5 37.1
Environment 295+0.2 28.6 30.1
7.0+£0.1 Inlet 33.7+0.8 315 35.0
Outlet 343+21 30.5 37.5
Environment 29.8+0.9 274 31.1
10.0+0.2 Inlet 348+1.6 29.6 37.1
Outlet 32.7+21 28.3 36.4
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However, as the

e

2) Sound loudness level: The source of the milling sound
from CPFM processing originated from friction and balls
colliding with each other and the walls of the mill. Its level
was considered high with an average level of 97.8 + 1.5 dB
which is a similar sound threshold as a motorcycle or a
diesel locomotive [30]. Operator to long-term exposure to
high levels of sound may cause long-term health effects
such as sensory-neural hearing deficit or hearing loss.
However, this can be overcome using acoustic—hearing
protectors. Moreover, it is believed that mediation using
sound and vibration isolation techniques to the mill and its
location, can contribute to a reduction in milling sound
levels.

3) Particle size distribution: The mechanism of course
and fine particle production was observed in the collision
and friction forces. The forces existed among the balls as
well as the balls to the mill's wall. The resultant forces from
the rotation of the ball mill caused the chips to break into
coarse and fine particles. Friction forces also occurred
among the flour particles themselves.

The cyclone separation process was based on molecular
weight classification and the centrifugal forces acting on the
particles inside the cyclone separator unit. During the
continuous milling processPorang flour was constantly
transferred by air flowing from the electric blower to the
milling body through a 50@Qm screen filter and then to the
1D3D cyclone separator.

Inside the cyclone separator unit, the separation between
glucomannan and calcium oxalate occurred. Calcium
oxalate has a lower molecular weight (+126.07 Dalton) than
glucomannan (200-2000 kDalton) [21]. Therefore, more
Porang glucomannan granules were expected in heavy
fraction of the flour and calcium oxalate particles and other
impurities in a light fraction of the flour. The numerical
simulation study by using Fluent 6.1 CFD software showed
that the heavy large particles were dominantly found in
cyclone walls whereas light small particles were in the
central region of the cyclone [31]. The heavy and the light
fractions of thePorang flour particle size distribution
separated by 1D3D cyclone are consecutively shown in Fig.
4 and Fig. 5. The particle size distribution of the heavy and
the light fractions for the three levels of cyclone suction
velocity is given in Table VI.

The heavy particle collection of the suction velocity of 5
m/s had a higher particle collection rate especially in the
range 95um to 300 um compare to the other suction
velocities. It means the suction velocity of 5 m/s can collect
more heavy particles on that specific range which made the
average diameter of the suction velocity of 5 m/s (324.83
um) is smaller than the 7 m/s and 10 m/s.

The Porang flour particles consisted mainly dforang
glucomannan granules which their average diameter 324.83
um to 348.71um. It is identified in the previous research
that the glucomannan granules have an egg-like shape with a
diameter ranging from 25Qm to 750 pum [6], with
impurities located in its shell. It was also identified that the
Porang glucomannan granules were in the range of 283
to 500um [16].
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TABLE VI
THE HEAVY AND LIGHT FRACTION OF THEPORANG FLOUR

Fig 4. The heavy fraction giorang flour particle size distribution

The Heavy Fraction The Light Fraction
Cyclone Particle Particle
Suction ' Average ! Average
: Size . Size .
Velocity Diameter Diameter
(m/s) Range (um) Range (um)
(nm) (1m)
5.1+0.1 95 - 500 324.83 0.1-50D 131.76
7.0+0.1 80 - 500 348.71 0.1-50pD 144.85
10.0+0.2| 75-500 345.65 0.3-500 179.1p

The heavy fraction of flour
categorized into the whole glucomannan granule (200-500
um) and broken glucomannan granule (< 20@). The
maximum particle size of the heavy fractionRufrang flour
was 500um due to the filter application. A 5Q0n filter had
effectively enabled both the whole and brokBorang
glucomannan granules to pass through
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separator. The use of the filter decreased the possibility of
transferring double or more glucomannan particles. The
cyclone separator was employed to collect them at the
bottom of the cyclone separator as the heavy fraction of
Porang flour.

The starting particle size at the heavy fraction collector
depended on the suction velocity. The higher the suction
velocity has made the stronger centrifugal force acting on
the flour particles so that the smaller light particles were
pushed to the cyclone wall and collected at a heavy fraction
collector at the bottom of the cyclone. In contrast, the lower
the suction velocity created the weaker centrifugal force so
that the smaller light particles floating in the center of the
cyclone and sucked into the light fraction collector at the top
of the cyclone. Therefore, the cyclone suction velocity of 5
m/s produced larger starting particle diameter than the 7 m/s
and the 10 m/s which was @8 for 5 m/s, 8Qum for 7 m/s,
and 75 um for 10 m/s..
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Fig 5. The light fraction of porang flour particle size distribution
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Corresponding to the SEM figure [15], the calcium oxalate blower to the outlet. As a result, the milling process is more
particles which are needle shape and attached themselves tefficient as there is less resistance. Secondly, the CPFM
the surface oPorang glucomannan particles were observed process has a higher production capacity due to the
in the range of + 20um. The cyclone separator was continuous input and output materials. The CPFM technique
employed to clean and collect them at the top of the cyclone can improve the milling time period of a stamp mill and

separator as the light fraction &brang flour. The light

fraction of Porang flour mainly consisted of impurities

batch type of ball mill as a result, it increased the milling
production capacity. In order to become a commercial

including starch and calcium oxalate with smaller particle product in the market, purification is needed to eliminate the

sizes.

However,

lightweight big particles, such as dri@drang skins, could

there was a possibility that some calcium oxalate content.

TABLE IX

be categorized in light fraction flour. Moreover, the higher

COMPARISON OFVARIOUS MILLING TECHNIQUES FORPORANG FLOUR

cyclone suction velocity produced the larger average particle

diameter of the light fractioRorang flour (Fig. 5). Milling Glucomannan %f)i(';:;t”;
4) Yields and Production Capacity: The heavy fraction of Techniques | FUrification Cc()or};)ent Content
flour was considered as cleanedrang flour and was used (%)
in the yield and production capacity calculations which are | Hammer mill [10] | Unpurified - 0.80
presented in Table VII. It can be observed that the suction| Ball mill (batch Unpurified 43.99 22 72
velocity of 5 m/s had higher heavy fraction yields reaching | type) [23] P
57.1 % of the given chip input. If the suction velocity was ?all mg|3(batch Purified 70.35 323
increased, it gradually reduced the flour yield collected at Sytpe)[ ]_” 5] G =d 503 0398
the heavy fraction collector due to the more significant [-=:amP Ml npurme : '
centrifu a)f force 9 Stamp mill [20] Unpurified 64.80 2.10
9 : Stamp mill [20] Purified 81.70 0.19
TABLE VII CPFM* Purified 80.79-87.79 0.12-0.29
YIELDS AND PRODUCTION CAPACITY Commercial
The Heavy product standard | Unpurified >70 0.08
Cyclone . f h [12]
Suction Chip Input Fraction o The Heavy * Current research
- Porang Flour | Fraction Yield
Velocity (g/hour) ducti o
mis) Production (%)
( (g/hour) IV. CONCLUSIONS
5.120.1 697.33 398.00 57.1+5.3 The CPFM using a ball mill and cyclone separator can
17(500i+0612 ;gg'gg gigg?; ggiigi produce 248.67 to 398.00 gram/hour of cleafedang
e : : = flour with glucomannan content ranging from 80.79% to

87.79% and calcium oxalate ranging from 0.12% to 0.29%,
which is close to commercial product standard. The 5 m/s
cyclone suction velocity had the highest vyield and
production capacity but had the lowest glucomannan
content. The calcium oxalate content overall was under
S0.3%, which is better compared when compared to other
dnilling methods.

D. The Chemical Performance Parameters: Water Content,
Glucomannan, And Calcium Oxalate Content

As can be seen from Table VI, the three different
cyclone suction velocities used during the separation proces
resulted in different chemical characteristics of the flour.
The highest glucomannan content was obtained using the 1
m/s cyclone suction velocity.

TABLE VIII

WATER CONTENT, GLUCOMANNAN CONTENT, CALCIUM OXALATE
CONTENT OFPORANG FLOUR
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