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 Abstract: Dextrose Monohydrate (DMH) is a bulk chemical used in the food, beverage, 
and pharmaceutical industries. The caking often appeared in the crystallization of DMH. 
Caking is an agglomeration that can affect the product quality of DMH and is dependent 
on the type of impeller. This study aimed to determine the type of impeller to avoid the 
caking during the DMH crystallization and identify the DMH caking. The results showed 
that caking did not occur on the helical ribbon and anchor impeller, while caking 
appeared on the Rushton turbine impeller. Computational fluid mechanics (CFD) 
analysis showed that caking occurs due to uneven homogeneity of stirring. Fourier 
transform infrared (FTIR) and X-ray diffraction (XRD) studies showed that DMH caking 
and non-caking had the same peak pattern. Meanwhile, optical microscope and scanning 
electron microscope (SEM) analysis showed that the DMH caking seen agglomerate. 
Density analysis showed that DMH with caking was 1.257–1.350 kg/L, while the non-
caking was 0.504–0.780 kg/L. Caking phenomena during the DMH crystallization can be 
avoided by using a helical ribbon and anchor impeller. FTIR and XRD analysis cannot 
be used to identify DMH caking products; meanwhile, optical microscope, SEM, and 
density analyzes can be used to identify DMH caking products. 
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■ INTRODUCTION 

Dextrose Monohydrate (DMH) is a bulk chemical 
used in the food, beverage, and pharmaceutical industries. 
In the food and beverage industry, DMH is used as an 
alternative sweetener to sucrose. Meanwhile, in the 
pharmaceutical industry, DMH is an active ingredient or 
an additive (excipient) to pharmaceutical products, such 
as tablets and capsule syrup. DMH food-grade refers to 
Indonesian National Standard (SNI) 4591-2010 [1], DMH 
pharmaceutical-grade refers to Indonesian Pharmacopoeia 
Volume V [2], and United State Pharmacopeia (USP) [3]. 
Dextrose is a monosaccharide derived from polysaccharides 
(amylose and amylopectin in starch). Srisa-Nga et al. [4] 
reported that dextrose has three forms, which is α-
dextrose monohydrate ((-5)–50 °C), α-dextrose anhydrous 
(50–115 °C), and β-dextrose anhydrous (115–150 °C). 
Dextrose has three forms due to the influence of 

temperature during the crystallization process. The 
chemical structure of DMH is C6H12O6·H2O, and dextrose 
anhydrous is C6H12O6. Zheng et al. [5] reported DMH 
had a monoclinic crystal form with a primitive axis 
vector a = 8.803 Å, b = 5.085 Å, c = 9.708 Å, with angle 
α = γ = 90° ≠ β. Dextrose anhydrous had an orthorhombic 
crystal form with a primitive axis vector a = 10.366 Å,  
b = 14.851 Å, c = 4.975 Å, with angle α = β = γ = 90°. 

DMH production went through the dilution 
process, the crystallization process, the separation 
process, and the drying process. Crystallization is a 
crucial process in DMH production. It determines the 
size, morphology of the crystal shape, and quality of 
DMH products (Table 1). Crystallization is the process 
of forming crystalline solids from saturated solutions 
that have high purity. Many scientists reported the 
crystallization  process.  Frawley  et al.  [6]  reported  the  
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Table 1. Standard requirements for dextrose monohydrate 
Parameters Unit Food grade* Pharmaceutical grade** 
Description - Powder, white, sweet Powder, white, sweet 
Solubility - Soluble in water Soluble in water 
Optical rotation - +52.6° to +53.2° +52.6° to +53.2° 
Acidity - 3.2 to 6.5 3.2 to 6.5 
Amylum test - Negative Negative 
Pyrogen free - - Negative 
Dextrose equivalent % (w/w) 95 to 105 95 to 105 
Water content % (w/w) 7.5 to 9.5 7.5 to 9.5 
Sulphate mg/kg Max. 250 Max. 250 
Chloride mg/kg Max. 180 Max. 180 
Metal contamination 
- Lead (Pb) mg/kg Max. 0.5 Max. 0.5 
- Copper (Cu) mg/kg Max. 10 Max. 10 
- Zinc (Zn) mg/kg Max. 25 Max. 25 
- Arsenic (As) mg/kg Max. 1 Max. 1 
Microbial contamination 
- Total plate count colony/g Max. 100 Max. 100 
- Mold and yeast colony/g Max. 10 Max. 10 
- Escherichia coli colony/g Negative Negative 
- Salmonella colony/g Negative Negative 

*   = Refer to SNI 4591-2010 [1] 
** = Refer to Indonesian Pharmacopeia Volume V [2] and the United States Pharmacopeia [3] 

 
development of supersaturation, temperature, agitation, 
and seeds on the nucleation of paracetamol. Acevedo and 
Nagy [7] had observed the effect of crystallization without 
seed on the size and form of the crystal. El-Yafi and El-
Zein [8] reported several factors that influence the 
crystallization process of pharmaceutical bulk. Jha et al. 
[9] and Besenhard et al. [10] reported the modeling and 
controlling of the crystallization process. Sormoli et al. 
[11] and Tappi et al. [12] reported crystallization behavior 
during water induced. Parimaladevi and Srinivasan [13] 
reported the influence of supersaturation solution on the 
crystallization process. On the other hand, many studies 
on the crystallization of DMH have been reported. They 
include the effect of impurities during the crystallization 
process [14], the impact of initial solution concentration, 
seed, and cooling profile [15], growth kinetics of the 
crystallization [16], modeling and controlling system of 
the crystallization process [17], as well as the 
crystallization of starch [18]. 

The caking often occurs in the crystallization process.  

Caking is an agglomeration process that influences the 
quality of products, size, and crystal morphology. 
Carpin et al. [19] reported the lactose caking; Langlet et 
al. [20] reported the caking in sodium chloride (NaCl); 
Freeman et al. [21] reported the measurement of caking 
durability; Afrassiabian et al. [22] reported the capillary 
condensation in caking; Zafar et al. [23] reviewed the 
bulk powder caking; Chen et al. [24] reported the 
prevention of caking, Chen et al. [25] reported the 
amorphous and humidity caking, and Lipasek et al. [26] 
reported the effect of anticaking agent and storage on 
caking phenomena. Chen et al. [25] have discussed 
amorphous caking and humidity caking. Amorphous 
caking occurs in amorphous particles and appears when 
the ambient temperature is higher than the temperature 
of the glass transition material. It causes a sintering 
bridge, which is a bridge connecting the amorphous 
particles. It is also reported that humidity caking occurs 
in amorphous and crystalline particles. Humidity caking 
occurs due to differences in relative humidity (RH). RH 
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causes capillary condensation or deliquescence. Capillary 
condensation causes a liquid bridge between particles; 
meanwhile, deliquescence causes a liquid bridge between 
particles and coats at the particles. Capillary condensation 
and deliquescence absorb water from the environment 
[25]. 

This study aimed to determine the type of impeller 
to avoid the caking during the crystallization of DMH. 
The crystallization can produce DMH, which complied 
with the standard requirements in Table 1. This study 
used three types of the impeller. They were Rushton 
turbine, helical ribbon, and anchor impeller. The selection 
of those three is based on the type of impeller, often used 
on an industrial scale. Based on the preliminary research, 
homogeneity of stirring had the most significant effect on 
the caking phenomenon. Sinnott [27] reported that the 
shape and size of the impeller affected the homogeneity of 
the stirring. This study also aimed to identify the DMH 
caking use some analyzes. The analyzes were analysis 
process, computational fluid mechanics (CFD) analysis, 
optical microscope analysis, scanning electron 
microscope (SEM) analysis, density analysis, Fourier 
transform infrared (FTIR) analysis, and x-ray diffraction 
(XRD) analysis. 

■ EXPERIMENTAL SECTION 

Materials 

The bulk chemical was used DMH food-grade 
(C6H12O6·H2O) from PT Qinhuangdao Lihua Starch-
China with a purity of 99.7% and a moisture content of 
8.20%. The seed was used DMH pharmaceutical grade 
with a purity of 100.3% and a moisture content of 9.57%. 
It was from the Center for Pharmaceutical and Medical of 
Technology, Agency for Assessment and Application of 
Technology. The seed size was 63–177 µm (630–80 mesh 
size). Reverse Osmosis (RO) water was used as the solvent. 

Instrumentation 

The tool used for the dilution and crystallization 
process was a double jacketed crystallizer. The double 
jacketed system was used for the temperature of the 
crystallizer. The crystallizer has 37 cm in diameter, 40 cm 
in height and was curved at the bottom. There are three 

types of impeller used in this study, Rushton turbine, 
helical ribbon, and anchor. The Rushton turbine has a 
diameter of 15.5 cm and a 6-sided baffle. Each baffle was 
4.8 cm long and 3.3 cm high. The helical ribbon was  
36 cm long and 20.5 cm tall, while the anchor was 36 cm 
long and 39.5 cm high. Crystallizer and three types of 
impeller were made of stainless steel (SS) 316. The 
equipment used for the separation process is a centrifuge 
with a filter system, with a capacity of 60 L and an 
agitation speed was 1,200 rpm. The tools used for the 
drying process were a vertical fluidized bed dryer (FBD) 
with a capacity of 17 L and a milling device with a 
capacity of 5 L with a filter size of 1190 µm (16 mesh 
size). 

The Atago refractometer measured the Brix value 
of glucose solution with a 0–85% measurement range. 
The Solidworks software was used for computational 
fluid mechanics. The optical microscope was used by the 
Axiostar Plus brand and the Axiocam 105 Color camera. 
SEM was used FEI Quanta model 650. The Thermo 
Scientific Nicolet iS10 used FTIR spectroscopy with iD7 
attenuated total reflectance (ATR) mode. The XRD was 
used by the Malvern Panalytical Benchtop brand, the 
Aeris Research model. 

Procedure 

Crystallization process 
DMH food-grade from China (22.6 kg) was 

dissolved using RO water (5.4 kg) at 80 °C. The result of 
the dilution was glucose solution with a Brix value of  
± 70%. The crystallization process used three types of the 
impeller: Rushton turbine, helical ribbon, and anchor. 
Crystallization began when the seed was added, an 
agitation speed of 40 rpm, at room temperature (29– 
30 °C) for 24 h. The seeds were added 1% (280 g) by the 
weight of the glucose solution. The selection of 
crystallization conditions was based on Markande et al. 
[12-14] and Flood and Srisanga [28]. The crystallization 
on each impeller was twice. Sampling was carried out 
every four hours during the crystallization process. 
Crude DMH and mother liquor were separated using a 
centrifuge laboratory scale with a rotation speed of  
2,300 rpm, temperature 20 °C for 30 min. Crude DMH 
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was analyzed using an optical microscope. Sampling every 
four hours was carried out to see the movement of the size 
and morphology of the crystals in DMH caking and non-
caking during the crystallization process. 

DMH caking cannot be continued to the separation 
and drying process due to the rigid structure. Slurry DMH 
(non-caking) was treated in the separation and drying 
process. The centrifuge is used to separate crude DMH 
and mother liquor. DMH slurry was put into a centrifuge 
with a rotating speed of 1,200 rpm, room temperature 29–
30 °C for 30 min. The weight of crude DMH was 
measured. The mother liquor was measured by weight 
and Brix value. Crude DMH dried using a fluidized bed 
dryer (FBD) at a temperature of 50 °C for 60 min. FBD 
was used to reduce water content in crude DMH. Crude 
DMH was processed using milling. Milling is used for 
producing DMH products of uniform size. The 
production of the DMH process was described in Fig. 1. 

Analysis 
DMH products were analyzed using process 

analysis, density analysis, optical microscope analysis, 
SEM analysis, FTIR analysis, and XRD analysis. The 
DMH products analyzed were DMH caking after the 
crystallization, and DMH non-caking had been separated 
and dried. The crystallization process yield analysis was 
calculated using Eq. (1), where Mc represents the weight 
of DMH crude (kg), Ms is the weight of seed (kg), and Mr 
is the weight of DMH raw material (kg). The yield 
calculation is based on the weight of the crude DMH, 
seed, and raw material. 

c s

r

M M
Yield 100%

M
−

= ×  (1) 

Computational fluid mechanics (CFD) analysis was 
used to simulate the solution's movement in DMH 
crystallization. The CFD used the same conditions during 
the crystallization of DMH, including the impeller's 
dimensions and the crystallizer, the impeller material and 
the crystallizer chamber, the agitation speed, the height of 
the glucose solution, and the impeller position. An optical 
microscope and SEM analysis were used to determine the 
morphology of DMH crystals. DMH samples were 
analyzed by using an optical microscope with a 
magnification  of  100 times.  The  preparation  sample for  

 
Fig 1. Flow chart of Dextrose Monohydrate production 

SEM analysis was coated using gold for 80 sec. SEM 
analysis was performed with the magnification of 100 
and 500 times. Density analysis of DMH solid was 
measured by dividing the weight (g) by the volume (mL). 
Five grams of DMH solid were put into a graduated 
cylinder containing 10 mL of ethanol. The difference in 
volume value was calculated as the volume of DMH 
solid. According to Indonesia Pharmacopeia Volume V 
[2], DMH was insoluble in ethanol. Density 
measurements were done twice, and the average value 
was taken. 

FTIR was used for functional group vibration 
analysis. FTIR has used the ATR method with a 
wavenumber range of 400–4000 cm–1 and a resolution of 
8 cm–1. Fifty mg of DMH samples were used for each 
FTIR analysis. XRD was used for crystallinity analysis. 
DMH samples were prepared in powder. It was 
measured in the range of 2θ between 5–90 with λ(Κα1) = 
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1.540598 Å. The anode material was used copper (Cu) 
with a scan step size of 0.022°/step and time per step  
23.97 s/step. The XRD analysis was compared with the 
XRD by Hough et al. [29] from the Cambridge 
Crystallographic Data Center (CCDC) using the Rietveld 
Refinement method Reitica software. 

■ RESULTS AND DISCUSSION 

Process Analysis 

DMH production has been carried out in six 
crystallization experiments, three variations of the 
impeller, and two repetitions of each impeller. Fig. 2 is an 
analysis of the crystallization of DMH. Fig. 2(a) shows 
that the Rushton turbine produces DMH caking. DMH 
caking due to an agglomeration process. DMH caking 
could not proceed to the separation and drying process. It 
is due to its rigid structure. The helical ribbon and anchor 
impeller (Fig. 2(b) and Fig. 2(c)) produce DMH non-
caking. DMH non-caking is marked by unprecedented 

agglomeration (slurry DMH). DMH non-caking (helical 
ribbon and anchor) can proceed to the separation and 
drying process. 

Table 2 summarizes the experimental data for the 
crystallization of DMH. The results show that the caking 
only occurs on the Rushton turbine impeller. In 
contrast, the anchor and helical ribbon impellers do not 
cause caking. DMH caking is marked by having no yield 
and mother liquor. It is due to agglomeration during 
crystallization (Fig. 2(a)). Table 2 shows that the anchor 
and helical ribbon impellers do not cause caking, 
marked by having any agglomeration (Fig. 2(b) and Fig. 
2(c)). DMH non-caking had a yield between 45.00–
49.46%. DMH non-caking has proceeded to the 
separation process so that a by-product was obtained in 
the form of mother liquor. The anchor's yields are 47.86% 
and 46.07%. The mother liquor are 49.68% (Brix 
62.20%) and 47.21 (Brix 62.10%). The helical ribbon's 
yields  are  49.46%  and 45.00%.  The  mother  liquor is  

 
Fig 2. The appearance of the crystallization of DMH; (a) Rushton turbine 1st (caking), (b) helical ribbon 1st (non-
caking), and (c) anchor 1st (non-caking) 

Table 2. Experimental data for crystallization of dextrose monohydrate 
Code Impeller Caking Yield (%) ML* (%) Brix ML (%) 

K.02.02 Rushton turbine 1st Caking - - - 
K.01.03 Rushton turbine 2nd Caking - - - 
K.04.02 Anchor 1st Non-caking 47.86 49.68 62.30 
K.02.03 Anchor 2nd Non-caking 46.07 47.21 62.10 
K.03.02 Helical ribbon 1st Non-caking 49.46 46.68 61.10 
K.03.03 Helical ribbon 2nd Non-caking 45.00 52.86 60.00 

* = Mother liquor % (w/w) 
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46.68% (Brix 61.10%) and 52.86% (Brix 60.00%). The 
yielding process and mother liquor were added. It is less 
than 100% due to the loss of the process when taking the 
slurry DMH. It is left in the crystallizer chamber due to 
the slurry DMH is sticky. 

Computational Fluid Mechanics Analysis 

Computational fluid mechanics (CFD) analysis uses 
SolidWorks software. It aims to simulate the movement 
of fluid in the crystallization of DMH. The CFD analysis 
uses the same conditions in the crystallization of DMH, 
which are dimensions of the impellers and crystallizer 
chamber, the material for impellers and the crystallizer 
chamber, the speed of stirring rotation, the height of the 
glucose solution, and the position of the impeller. The 
CFD analysis shows that the Rushton turbine impeller 
(Fig. 3(a) and Fig. 3(d)) produces uneven homogeneity of 
stirring since the Rushton turbine cannot reach all areas 
of the solution. It is indicated by the blue color area (0–
2.571 m/s) on the surface of the solution (Fig. 3(d)). 

The helical ribbon (Fig. 3(b) and (e)) and anchor 
impellers (Fig. 3(c) and (f)) show an even homogeneity of 
stirring. It is due to the impeller can reach all areas of the 
solution. The homogeneity is indicated by red (9.429–
12.000 m/s), yellow (7.714–9.429 m/s), green (4.286–

7.714 m/s), and light blue (2.571–4.286 m/s) color on the 
surface of the solution. It has a high fluid flow rate. 
According to Sinnott [27], helical ribbon and anchor are 
more suitable for use in solutions that had a high 
viscosity (> 6 × 101 Ns/m2) than the Rushton turbine 
used in a lower viscosity (100–101 Ns/m2) (Fig. 3(b) and 
Fig. 3(c)). Fig. 3(b) shows that the fluid flow is evenly 
distributed in all parts, marked in light blue. Fig. 3(c) 
shows the fastest fluid flow is only near the impeller, kept 
in red and yellow around the impeller only. So, it is 
apparent that the helical ribbon impeller has a more even 
stirring homogeneity than the anchor impeller. 

Optical Microscope Analysis 

Optical microscope analysis is used to see the 
morphology of the crystal form of DMH products. Fig. 4 
is the optical microscope analysis on six crystallizations 
of DMH. Fig. 4(a) and (d) show DMH caking, while Fig. 
4(b), (c), (e), and (f) show DMH products do not cause 
agglomeration (non-caking). Fig. 5 shows the DMH 
caking movement on the Rushton turbine 1st (K.02.02) 
from 4 to 24 h. At four hours of the crystallization 
process, a caking has occurred due to the agglomeration. 
Fig. 5 shows that caking occurs early in the 
crystallization  process,  continuing to 24 h.  Fig. 6 shows  

 
Fig 3. Computational fluid mechanics on the three impellers; side view (a) Rushton Turbine, (b) Helical Ribbon, (c) 
Anchor and Top View of (d) Rushton Turbine, (e) Helical Ribbon, and (f) Anchor 
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Fig 4. Appearance of the optical microscope with a magnification of 100 times; (a) K.02.02 (Rushton turbine 1st), (b) 
K.04.02 (anchor 1st), (c) K.03.02 (helical ribbon 1st), (d) K.01.03 (Rushton turbine 2nd), (e) K.02.03 (anchor 2nd) and (f) 
K.03.03 (helical ribbon 2nd) 

 
Fig 5. The process of caking crystal on the crystallization of DMH (K.02.02) 

 
Fig 6. Process of non-caking crystal on the crystallization of DMH (K.03.02) 
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the movement of the crystals during the crystallization of 
DMH. At four hours of the crystallization, it is seen that 
the DMH crystal is still small. It began giant crystal up to 
24 h. DMH can do growth if it does not involve 
agglomeration (non-caking). Optical microscope analysis 
can be used to identify the DMH caking due to the visible 
agglomerate. 

Density Analysis 

Table 3 summarizes the results of analysis of the 
density values of glucose solution 70% Brix (raw 
material), DMH caking (Rushton turbine 2nd), DMH non-
caking (helical ribbon 2nd and anchor 2nd), and DMH 
standard (Merck). The density of glucose solution is  
1.350 kg/L, DMH caking is 1.257 kg/L, DMH non-caking 
(helical ribbon 2nd) is 0.507 kg/L, of DMH non-caking 
(anchor 2nd) is 0.708 kg/L and DMH Merck is 0.606 kg/L. 
The density value of DMH caking is close to the glucose 
solution (as a raw material). Meanwhile, the density of 
DMH non-caking (helical ribbon 2nd and anchor 2nd) has 
a small difference from that of DMH Merck. DMH caking 
has a bigger density than DMH non-caking due to the 
agglomeration. DMH caking absorbs much water to have 
a rigid structure (see Fig. 2(a)). 

Fig. 7 shows DMH non-caking and DMH caking 
after storage in a closed container for eight weeks. DMH 
non-caking is white and powdery (Fig. 7(a)), while DMH 
caking is a yellow color, agglomerate, and grows fungus 
(Fig. 7(b)). Based on Table 1, DMH caking does not 
qualify since it is not powdery (agglomerate), has a yellow 
color, and grows fungus. The appearance of fungus is 
due to the high-water content of DMH caking, so that 
the density analysis can be used to identify DMH caking. 

SEM Analysis 

Based on the process analysis, CFD analysis, and 
optical microscope analysis, two experimental samples 
were selected, representing DMH caking (Rushton 
turbine 2nd) and DMH non-caking (helical ribbon 2nd). 
SEM analysis can be used to identify the DMH caking 
due to the agglomeration process. Fig. 8 is SEM analysis 
on DMH caking and non-caking with the magnification 
of 100 and 500 times. Fig. 8(b) and (d) show that DMH 
caking and non-caking have the same crystal form. It is 
monoclinic [5] (vector a ≠ b ≠ c, with the angle of α = γ = 
90° ≠ β). However, the agglomeration process occurred 
(see Fig. 8(a)). Meanwhile, on DMH non-caking, 
agglomeration did not occur (Fig. 8(c)). 

Table 3. Density measurement of dextrose 
Dextrose Impeller Density (kg/L) 

Glucose solution Brix ± 70% - 1.350 
DMH caking Rushton turbine 2nd 1.257 

DMH non-caking 
Helical ribbon 2nd 0.504 

Anchor 2nd 0.780 
DMH standard Merck - 0.606 

 
Fig 7. The appearance of (a) DMH non-caking K.03.03 and (b) DMH caking K.01.03 after storage in a closed container 
for eight weeks 
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Fig 8. Appearance of crystal by SEM; DMH caking K.01.03 (a) magnification of 100 times, (b) magnification of 500 
times, and DMH non-caking K.03.03 (c) magnification of 100 times, and (d) magnification of 500 times 
 
FTIR Analysis 

Fig. 9 shows the FTIR spectrum on DMH K.02.02 
(Rushton turbine 1st), K.03.02 (helical ribbon 1st), K.04.02 
(anchor 1st), K.01.03 (Rushton turbine 2nd), K.02.03 (anchor 
2nd), and K.03.03 (helical ribbon 2nd). The six samples have 
the same peak pattern. The FTIR spectrum of DMH caking 
has a higher intensity than DMH non-caking. This is due 
to the density value of DMH caking (1.257–1.350 kg/L) is 

higher than DMH non-caking (0.504–0.780 kg/L) (Table 
3). A higher density value produces a higher concentration 
so that the intensity of the DMH caking spectrum is 
higher than DMH non-caking. In DMH caking, a new 
peak appears at a wavenumber of 1643 cm–1. Wiercigroch 
et al. [30] reported that wavenumbers 400–1500 cm–1 is 
the fingerprint area with a single bond from C–O, C–C, 
and C–N. The  wavenumbers of  1500–2000 cm–1 are the  

 
Fig 9. FTIR spectra on DMH caking of Rushton turbine 1st (K.02.02) and Rushton turbine 2nd (K.01.03), DMH non-
caking on helical ribbon 1st (K.03.02), helical ribbon 2nd (K.03.03), the anchor 1st (K.04.02) and anchor 2nd (K.02.03) 
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double bond area of C=O and C=C. Meanwhile, Tokoro 
et al. [31] reported that the new peak on the wavenumber 
1643 cm–1 corresponds to the water residue (H2O). Chen 
et al. [25] that the liquid bridge between the particles 
appears by absorbing much water. The water residue 
which appears in the DMH caking spectrum is due to the 
agglomeration. FTIR analysis cannot identify DMH 
caking because DMH caking and DMH non-caking have 
the same peak pattern. 

XRD Analysis 

Fig. 10 compares the XRD diffractogram on DMH 
caking (K.01.03) and DMH non-caking (K.03.03). DMH 
caking and non-caking have the same diffractogram peak 
pattern, which differs in some high-intensity peaks. They 
are at 2θ = 9.5°, 12.9°, 18.7°, 19.9°, 20.4°, 23.0°, and 28.5°. 
Significant differences are observed at 19.9° and 20.4°. 
DMH non-caking has a higher peak than DMH caking. 
Hough et al. [29] reported that DMH had the three 
highest peaks at 19.7° (high), 20.2° (high), and 22.8° 
(medium). XRD of DMH caking and non-caking have the 
same peak pattern due to the SEM analysis (Fig. 8(b) and 
Fig. 8(d)). XRD analysis cannot identify DMH caking 
because DMH caking and DMH non-caking have the 
same peak diffractogram pattern. 

The XRD of DMH analysis using the Rietveld 
refinement. The XRD DMH caking (K.01.03) and non-
caking (K.03.03) were compared to XRD DMH from 

Hough et al. [29]. The XRD pattern of DMH in Ref. is 
taken from Cambridge Crystallographic Data Center 
(CCDC) in a crystallography information file (CIF). The 
Rietveld refinement uses Rietica software. Fig. 11 and 
Fig. 12 are the Rietveld refinement analysis results 
between DMH caking and non-caking compared to 
XRD from Hough et al. [29], which has the highest peaks 
at 2θ = 19.9° and 20.4°. The Rietveld refinement analysis 
results show that DMH caking and non-caking had the 
same peak pattern as the DMH from Ref. [26]. Thus, it 
is clear that DMH caking and non-caking have the same 
crystal form (monoclinic with vector a ≠ b ≠ c, and the 
angle of α = γ = 90° ≠ β) as DMH from Hough et al. [26]. 

Sujiono et al. [32] reported standard value of the 
goodness of fit value (GoF) is below 4, and the 
refinement profile (Rp) are below 20. Table 4 is crystal 
data and structure refinement for DMH. The value Rp, 
Rwp, and GoF on Table 4 was the best fitting provided 
by the writer, although it is still above the standard. 
DMH caking have Rp = 21.33, Rwp = 29.01 and GoF = 
207.12%. Meanwhile, DMH non-caking have Rp = 
25.03, Rwp = 33.11 and GoF = 266.86%. It means that 
DMH caking and non-caking are not exactly the same as 
DMH Hough et al. [29]. Table 4 shows the cell parameters 
of DMH Hough et al were a = 8.803000 Å, b = 5.085000 
Å, c = 9.708001 Å and α = ɣ = 90.00°, β = 97.67°. The cell 
parameters of DMH caking were a = 8.774318 Å, b = 
5.087790 Å, c = 9.719185 Å and α = ɣ = 90.00°, β = 97.76°. 

 
Fig 10. XRD analysis on DMH caking (K.01.03) and DMH non-caking (K.03.03) 
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Fig 11. Rietveld refinement analysis of XRD DMH caking (K.01.03) compared to the XRD DMH by Hough et al. [29] 

 
Fig 12. Rietveld refinement analysis of XRD DMH non-caking (K.03.03) compared to the XRD DMH by Hough et al. [29] 
 
The cell parameter of DMH non-caking were a = 8.816746 
Å, b = 5.098714 Å, c = 9.731324 Å and α = ɣ = 90.00°, β = 
97.71°. Based on the vector (a, b, c), angle (α, β, ɣ), 
volume, and density (Table 4), DMH caking and non-
caking are almost similar to DMH Hough et al. [29], and 
they have the same peak XRD pattern. 

Caking Phenomenon Analysis 

The caking phenomena occur due to the capillary 
force between DMH particles during on crystallization 
process [25]. The capillary force is due to the uneven 

homogeneity of stirring. It is due to the selection of 
impeller (Rushton turbine) (Fig. 2(a)). Based on the 
CFD analysis, uneven stirring homogeneity is indicated 
by low fluid movement (0–2.571 m/s) with blue color on 
the sample solution's surface (Fig. 3(d)). After storing in 
a closed container for eight weeks, DMH caking grows 
fungus (Fig. 7(b)). It is due to the high water content. It 
is due to the liquid bridge on DMH caking. DMH caking 
does not meet the standard requirements for DMH food 
and pharmaceutical grade (Table 1) as it is not powdery 
(agglomerate), yellow in color, and grows fungus. 
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Table 4. Crystal data and structure refinement for DMH 
Sample Hough* Caking Non-caking 
a (Å) 8.803000 8.774318 8.816746 
b (Å) 5.085000 5.087790 5.098714 
c (Å) 9.708001 9.719185 9.731324 
α (°) 90.00 90.00 90.00 
β (°) 97.67 97.76 97.71 
ɣ (°) 90.00 90.00 90.00 
Volume (Å3) 430.673787 429.910490 433.503845 
Density (g.cm–3) 1.527 1.530 1.518 
GoF (%) - 207.12 266.86 
Rwp - 29.01 33.11 
Rp - 21.33 25.03 
*       : DMH reference by Hough et al. [29] 
GoF : The goodness of fit 
Rwp : Refinement weighted profile 
Rp   : Refinement profile 

Optical microscope analysis shows that the caking 
occurs within four hours of the crystallization process 
(Fig. 5). DMH caking does agglomeration, while DMH 
non-caking does not occur agglomeration (powdery) 
(Fig. 4). SEM analysis shows that both DMH caking and 
non-caking have a monoclinic crystal form morphology 
(vector a ≠ b ≠ c, with angle α = γ = 90° ≠ β), but in DMH 
caking does agglomeration (Fig. 8(a)). Density analysis 
shows that DMH caking has higher than DMH non-
caking (Table 3). FTIR analysis indicates that DMH caking 
and non-caking have the same peak spectrum pattern, but 
in DMH caking, the intensity increases at all peaks (Fig. 
9). It is due to the DMH caking density value being higher 
than DMH non-caking (Table 3). The higher density 
value results in a being higher dextrose concentration. It 
results in higher intensity of the FTIR spectrum. XRD 
analysis shows that DMH caking and non-caking have the 
same peak diffractogram pattern (Fig. 10). The caking 
phenomenon in DMH crystallization can be avoided by 
selecting the impeller (helical ribbon and anchor). The 
optical microscope, SEM, and density analysis can be used 
to identify DMH caking, while FTIR and XRD analysis 
cannot be used to identify DMH caking. 

■ CONCLUSION 

The impeller selection (helical ribbon and anchor) 
will produce an even stirring homogeneity to avoid the 

caking phenomenon. The optical microscope, SEM, and 
density analysis can identify DMH caking products due to 
the agglomeration (material density is 1.257–1.350 kg/L), 
while DMH non-caking does not seem agglomerate 
(material density is 0.504–0.708 kg/L). FTIR and XRD 
analysis cannot identify DMH caking products cause 
they have the same peak pattern due to DMH non-
caking. 
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