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Abstract

The powdered food mixtures are widely consumed due to their ease of preparation and storage. Although the addition of
sucrose improves the reconstitution process of ready-to-use powdered desserts, high amounts of sucrose are undesirable
regarding the nutritional value. Therefore, present study aimed to determine the impact of the sucrose particle size and
differences in starches on the powder flow properties of powdered puddings. The caking, powder speed dependency and
cohesion tests along with the other bulk properties were grouped with the hierarchical cluster. A reverse relationship was
found between the cohesion coefficient and cohesion index values. The cake was not formed in samples which comprised
granulated sucrose and corn starch. However, the icing sugar containing puddings had considerably lower cake and mean
cake strength values. Based on the results, the icing sugar can be regarded as a good ingredient for ready-to-use dessert
considering the storage, handling and transportation conditions.
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Introduction

The use of powdered food products in nourishment became
popular in recent period because of reasons, such as ease
of product preparation and storage. Especially the mixtures
used in preparing cake and dessert, the baby food products
and the soups constitute the popular powdered product
groups. The pudding, which is in powdered dessert group
and has different varieties, is a product prepared using
sugar, starch, hydrocolloid, flavorants and colorants and
served after cooking with milk [1, 2]. Although the hydro-
colloids used in the formulation of pudding vary in terms
of their amount and variety, they constitute the texture
preferred in pudding while starch constitutes the structure
and provides the a good mouthfeel [2, 3]. Regarding this,
it is important to determine the final product’s properties
while preparing the pudding formulations.

Since there are many powdered products having differ-
ent characteristics used in powdered food mixtures, it is
not possible to estimate the properties of the final product
[4]. For this reason, it is important to determine the physi-
cal properties of powder products, their behaviors during
production, storage and delivery processes and even rheo-
logical properties [5, 6].

The powder flow is much more complex and compli-
cated than fluid flow because of the characteristics of com-
ponents and the processes they are exposed to [7, 8]. The
viscosity of powder structures is affected by the sample
composition, storage conditions, such as temperature and
relative humidity, capillary interactions within the struc-
ture and adhesive components [9-11]. On the other hand,
mass intensity, surface structure, size distribution and par-
ticle shape are called “physical properties affecting the
powder flow” [12, 13].

Depending on the flow in powdered product processing,
problems, such as degradation of product homogeneity,
crusting within the tank and pipe orifices and deficient
flow may occur in facilities [14, 15]. Determining the pow-
der flow values of the products is important in ensuring
accurate and reliable flow in process equipment design and
preventing the possible congestions in the system [14]. On
the other hand, sticking and caking cause agglomeration
in the powdered products and depending on the composi-
tion of the product, this causes the loss of quality [16]. In
the literature, powder flow characteristics of food prod-
ucts, such as baby food powders [4], rice protein powders
[17], dairy products [6], various fruit powders [18], green
tea powder [19], freeze-dried date powder [20], pectin,
maltodextrin and starch [21], honey powders [7] skim milk
powder [22] and pectin [23]. However, in these studies,
generally the powder flow was determined by calculating
the Carr index and Hausner ratio values.
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Understanding, estimating and controlling the physical
and functional properties is very important for the food for-
mulations of starch samples. The presence of starch in a
product should be planned in terms of determining the inter-
action between product components and standardizing the
formulation. On the other hand, the particle size is one of the
most important parameters affecting the product properties,
especially the powder properties [17, 24].The sugar, which
is in the product formulation of pudding and has the largest
particle size, is another parameter that should be examined
in product standardization.

In literature, the effects of starch and sugar type on the
bulk properties and final product rheology have not been
studied so far. Therefore, the present study intended to
investigate the effects of starch and sugar type variations
in formulations. The study evaluated the properties of icing
and granulated sugar in the presence of starches and their
application in ready-to-use desserts. The results from this
work would be relevant for various food products utilizing
sugars in presence of starches.

Materials and methods

Sucrose (Kayseri Sugar Fabric Co., Izmir, Turkey), icing
sugar (Pakmaya, Izmir, Turkey), skimmed milk powder
(Pinar milk and products, [zmir, Turkey), starches (TS,
MCS, CS, PS, MPS and WS) (Cargill, Co, USA), vanilla
and guar gum (Bayrak Food Co., Kayseri, Turkey) were used
for the preparation of the pudding samples.

Preparation of dessert samples

The dessert samples were prepared according to the recipe of
Toker et al. [25]. The basic recipe containing 10 g of sucrose
or icing sugar, 9 g of skimmed milk powder, 4.2 g of starch,
1.9 g of vanilla and 0.2 g of guar gum was prepared. Twelve
different powdered mixtures containing different starch and
sugar type were formulated as illustrated in Table 1. The
powder characterization was conducted with the powdered
samples. For the rheological analysis of ready-to-eat sam-
ples, the dessert was prepared by adding the solid mixture
(25.3 g) to a beaker containing distilled water (100 mL) and
stirred with a magnetic stirrer. The dispersion was heated to
85 °C in 20 min and the mixture was stirred at the same tem-
perature for 10 min. The dessert samples were then placed
in sealed glass containers and cooled to room temperature
prior to analysis.

Physicochemical analysis

The soluble solid content was determined at 25 °C with an
automatic refractometer (Reichert AR 700, USA) and the color
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Table 1 Starch and sugar combinations of pudding samples

Sample codes Sugar type Starch type
S1 IS TS
S2 S TS
S3 IN MCS
S4 S MCS
S5 IN CS
S6 S CS
S7 IS PS
S8 S PS
S9 IN MPS
S10 S MPS
S11 IS WS
S12 S WS

IS icing sugar, S sugar, TS tapioca starch, MCS modified corn starch,
CS corn starch, PS potato starch, MPS modified potato starch, WS
wheat starch

values of pudding samples were determined with a colorimeter
(Konica Minolta, CRS5, Japan).

The powdered samples were transferred into a 50 mL of
graduated cylinder to determine loose bulk density (p loose,
g/cm?). The loose bulk density was calculated by dividing
the mass of powder by the volume occupied in the cylinder.
For the determination of the tapped bulk density (p tapped,
g/cm?), weight of the powder contained in the same cylinder
after being tapped manually on a bench until no significant
changes in mass weight [26, 27]. The loose and tapped bulk
densities of the samples were determined using the following
equations:

Weight of powd
Loose bulk density(g/mL) = cight of powder(g)

Bulk powdered volume(mL)
()
Weight of powder(g)

T d bulk density (g/mL) =
apped bulk density (¢/mL) Tapped powdered volume(mL)

(2)

Hausner ratio (HR) and Carr index (CI) values were cal-

culated via the Egs. (3) and (4) with the pj,,. and p,ppeq bulk
densities [28]

ptapped— P1oose

CI * 100 (3)
ptapped
HR = plapped (4)
P1oose

Powder flow analysis

Powder flow analysis of the powdered samples was con-
ducted with a powder flow analyzer (TA XTPlus, Sta-
ble Micro Systems, Surrey, UK). The powder analyzer
composed of a specified cylindrical glass vessel (height:
120 mm; internal diameter: 48 mm), a specified rotating hel-
ical blade (Rotor no. R48/50/10/2/A) and a load cell (49.0 N
capacity). Force and height calibration was conducted prior
to each experiments. The caking, cohesion and powder flow
speed dependency (PFSD) tests of powdered pudding sam-
ples were determined using the texture analyzer software
(Exponent, Stable Microsystem, UK).

Cohesion test was used to determine the cohesiveness
of the powders. PFA cohesion test starts with two condi-
tioning cycles to eliminate the user loading variations and
normalise the powder column after filling. After condition-
ing step, three testing cycles are performed to analyse the
cohesion characteristics of the powder. Texture Exponent 32
software calculates the cohesion coefficient by integrating
the negative area under the force/distance curve and cohe-
sion coefficient/sample weight ratio is described as cohesion
index (CI).

Caking test is started with two conditioning cycles. 5
compression cycles take place after conditioning, and cake
height with column height is recorded. Increasing cake
height ratio indicates the powder has a high tendency to form
cake, and unchanging cake ratio means little or no tendency
to cake. Cake strength and mean cake strength are calculated
by Texture Exponent 32 software.

PFSD test is used to evaluate the powder flow proper-
ties with different speeds. Test starts with two conditioning
cycle and followed by 5 sets of 2 cycles at increasing speeds
(10, 20, 50, 100 mm/s). The compaction coefficients (g mm)
for each compaction cycles are determined by integrating
positive areas under the force/distance curve. Increasing
compaction coefficient with increasing test speed indicates
increasing resistance to flow. By the way, a decrease in com-
paction coefficient with increasing speed means free flowing
of the powder. If the flow behaviour is independent with test
speeds, then there is no or little significant change in the
compaction coefficient.

Rheological analyses
Steady shear rheological measurements

The steady shear data of the cooked pudding samples were
measured with a strain/stress controlled rheometer (Haake
Mars III, Germany) equipped with temperature control unit.
The plate—plate configuration was used throughout the meas-
urements. The analysis was carried out at a constant temper-
ature of 25 °C and data were recorded in the shear rate range

@ Springer



456

European Food Research and Technology (2021) 247:453-464

of 1-100 s~!. A total of 25 data points were taken at 10-s
intervals during the shearing. The shear rate versus shear
stress values were determined for each samples. The flow
data of pudding samples were best fitted to the Oswald—de
Waele model. The flow behavior index (7, dimensionless)
and consistency coefficient (K, Pa s") were calculated with
the following equation using instrument’s software (Haake
Rheo Win Data Manager, Germany).

c=K-y", )

where the o is shear stress (Pa) and y is shear rate (per
second).

Small amplitude oscillatory shear rheological
measurements

The frequency sweep analysis was determined over the
frequency range of 0.1-10 Hz at 0.2 Pa at a constant tem-
perature of 25 °C. The storage modulus (G'), loss modulus
(G"), tan 6, complex modulus (G*) and complex viscosity
(n*) values as a function of frequency were calculated using
the rheometer software (Haake Rheo Win Data Manager,
Karlsruhe, Germany).

Statistical analysis

All the measurements were performed in triplicate and
the data were reported as mean =+ standard deviation. The
statistical analysis of the measurements was conducted
with a Statistical Analysis Software of MINITAB for Win-
dows Release 18. The Tukey was applied to determine the

Table 2 Physicochemical properties of samples

difference between the mean values. The hierarchical clus-
tering analysis (HCA) was carried out XLSTAT Software
(XLSTAT, USA).

Results and discussion
Physicochemical analysis results

The physicochemical samples which composed of differ-
ent starches and granulated/icing sugar in their formulations
are presented in Table 2. The highest soluble solid content
value was recorded in S8 sample (24.49) while the lowest
value was in S5 sample (17.39). When comparing the granu-
lated sugar and icing sugar, it was found that the icing sugar
yielded lower brix values in all the starch samples, except for
the pudding samples prepared with wheat starch. The lowest
brix values among the puddings prepared using both types
of sugar were obtained from the samples prepared using
corn starch. The highest brix value was found in samples
prepared using potato starch. Similarly, in a study examin-
ing the different starch type for the production of dessert, it
was reported that corn starch yielded lower brix values than
potato starch [29]. The L* values of samples ranged between
0 (black) and 100 (white) were found to be different in all the
samples (p <0.05). Among the samples prepared with TS,
MCS, CS and WS starch samples, icing sugar containing
samples yielded higher values when compared to granulated
sugar samples, whereas L* values obtained in puddings pre-
pared with granulated sugar and PS and MPS starch samples
were found to be higher than those obtained with icing sugar.
The highest L* value was found to be 78.56 in S8 sample

Brix L* a* b* Loose bulk Tapped bulk Carr index (%) Hausner ratio
density density

S1  17.94+0.03% 67.78+0.08' —4.54+0.18° 2.76+0.058 0.54+0.002 0.67+£0.00" 19.17+£0.20°%4  1.24 40.00>%¢
S2  19.66+0.03¢ 6550+0.01% —3.64+0.12> 4.50+0.019 0.67+0.00° 0.82+0.00° 18.32+0.50%¢  1.22+0.014¢
S3  18.83+0.04 68.56+0.01" —3.89+0.01° 3.74+0.02° 0.57+0.01 0.70+0.018 19.05+0.66>%4 1.24+0.015%¢
S4  19.48+0.09 66.80+0.06 —3.90+0.01° 3.52+0.09° 0.64+0.01¢ 0.77 +0.00° 16.41+129°  1.20+0.02
S5 17.39+0.068 72.04+0.04° —3.44+0.02° 6.83+0.04* 0.55+0.002 0.70+0.018 21.43+0.15*  1.27+0.00°
S6 17.65+0.46% 69.93+0.012 —3.94+0.01° 523+0.02° 0.67+0.00° 0.82+0.00° 18.39+0.33%¢  1.23+0.00%¢
S7  23.74+0.08" 77.90+0.02° —4.68+0.01° 3.64+0.03%" 0.59+0.00° 0.73+0.01 19.64+0.45°¢  1.24+0.01>4
S8 24.49+0.06° 78.56+0.07° —427+0.01¢ 4.65+0.01° 0.69+0.00° 0.87+0.00° 20.45+0.15*°  1.26+0.00°
S9  18.30+0.15%" 64.77+0.03' —3.77+£0.01>° 4.66+0.03° 0.58+0.00 0.71+£0.008 19.4240.30°¢  1.24+0.00>4
S10 22.89+0.36° 7043+0.30° —523+0.03" —1.77+£0.07" 0.76+0.00° 0.89+0.00° 15.01+0.30°  1.18+0.00
S11 19.44+0.199 73.55+0.01° —4.64+0.01° 1.85+0.01" 0.53+0.00" 0.66+0.00" 19.99+0.03%  1.25+0.00°¢
S12 18.75+0.16° 73.23+0.15° —583+0.03¢ —243+0.11 0.65+0.00¢ 0.79+0.00° 17.96+0.11¢  1.22+0.00°

Letters in the same column show the differences between the groups (p <0.05) mean =+ standard deviation, Samples: S1:IS+TS, S2: S+TS,
S3:IS+MCS, S4:S+MCS, S5:IS+CS, S6:S+CS, ST:IS+PS, S8:S+PS, S9:IS + MPS, S10:S +MPS, S11:IS + WS, S12:S+ WS

IS Icing sugar, S sugar, 7S tapioca starch, MCS modified corn starch, CS corn starch, PS potato starch, MPS modified corn starch, WS wheat
starch
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prepared with PS + S formulation, whereas the lowest value
was found to be 64.77 in S9 sample prepared with MPS +1S
formulation. For a* value, the negative values refer to green
color, whereas the positive values refer to red color. Negative
results were obtained in all the pudding samples. a* values
ranged between — 3.44 and — 5.83. Only sample prepared
using MCS starch was not affected by the difference in par-
ticle size of sugar. Another parameter measured using the
color scale was b* value, in which positive values refer to
yellow color and negative values to blue color. The highest
yellowness was found to be 6.83 in the product obtained
using corn starch and icing sugar. On the other hand, the
negative b* value was found to be — 2.43 in pudding pre-
pared using wheat starch and granulated sugar. In a previous
study, it was determined that the color parameters of milk
puddings prepared using the same amounts of cassava and
corn starches were not affected by the change in starch [30].

The density of powdered food samples varies depend-
ing on the particle size and distribution, moisture content,
particle size and cohesion force between them [31]. For
this reason, the puddings were prepared by altering the
starch type and the particle size of sugar and the difference
between loose and tapped bulk density values of the pow-
dered pudding mixtures was found to be statistically signifi-
cant (p <0.05). The loose and tapped bulk density values
were found to be high in sugar-added products. This reason
may be attributed to the particle size of granulated sugar
which is larger than that of icing sugar. Another reason of
this results could be explained with increasing difficulty of
liquid contact during dissolution and delay of dissolution
since the high density is an indicator of low porosity [18,
32]. The Hausner Ratio (HR) values of powdered pudding
samples ranged between 1.18 and 1.27. The HR analysis
results higher than 1.4, indicating that the powders are cohe-
sive and non-free flowing, whereas the values between 1.2
and 1.4 are defined as intermediate flowability and those
lower than 1.2 as good flowability [4, 33, 34]. As seen in
Table 2, the lowest HR value among the pudding samples
was obtained from S10 sample prepared using granulated
sugar and modified potato starch. S10 sample showed good
flowability, whereas all the other samples were found to have
intermediate flowability. Similarly, while interpreting using
Carr index table, S10 sample was defined as ‘good’ and oth-
ers as ‘fair’ flow.

Powder flow characteristics of pudding

Cake strength and mean cake strength values of the pow-
dered pudding samples prepared with different starch
and sugar composition were presented in Table 4. While
the maximum cake strength and mean cake strength were
recorded at the sugar and tapioca starch containing S2, the
cake was not formed in S6 which comprised sugar and corn

starch. Also, the differences between the type of sugar and
starch significantly affected the caking values of the pow-
dered samples (p <0.05). As compared with the sugar con-
taining samples, the icing sugar including puddings had con-
siderably lower cake strength and mean cake strength values.
Among the analyzed starches, the tapioca starch significantly
increased the cake strength of the sample. The increase in
cake strength indicated that more work was needed to cut
the cake in the cylinder [35].

Caking is defined as the formation of solid structure by
the interaction of two or more of the amorphous particles
which are free and soluble in water. Partial dissolution of the
amorphous particles and the recrystallization of the powder
material in the crystalline material may result in cake forma-
tion. The caking of amorphous food powders is a detrimental
phenomenon in which the powders first become lumps, then
turn into an agglomerated and sticky undesirable material
which results in reduced functionality and quality of the
powders [22]. The strength of the cake depends on a number
of factors, such as particle—particle interactions, packaging
efficiency and moisture content. It is a great importance to
understand the caking properties of a powder, since most
powder are stored in hoppers or silos. A powder that easily
cakes and forms a strong cake may not easily flow through a
silo when necessary. The icing sugar did not formed a strong
a stable cake and this was shown by the decrease in the cake
strength values in the Table 4. By examining the mean cake
strength data of the S6 sample, it became apparent that a
stable, strong cake had not been formed in the vessel because
the mean cake strength force was very low. Therefore, it was
not wrong to speculate the corn starch and sugar contain-
ing dairy dessert formulation would not be prone to caking
as compared with other starch and combinations. This may
be related that the particle size and the composition of the
corn starch, as the particle size should not neglected when
investigating the powder parameters [36].

Cohesiveness can be defined as the tendency of the pow-
der particle to stick together and agglomerate to form larger
particles. Cohesive index and cohesion coefficient are the
main parameters to evaluate the cohesiveness of a pow-
dered food products. Table 4 also presented the cohesion
coefficient and cohesion index values of the powdered pud-
ding samples. The cohesion index values of twelve samples
ranged from 0.00 to 15.51. The type of starch and sugar
affected the cohesion index values statistically significant.
The classification of powdered pudding samples was char-
acterized based on their cohesion index values according to
the Benkovic et al. [37]. As a result of this classification, S1,
S5, S7, S11 and S12 were felled under the cohesive group;
S2, S3, S4, S8, S9, and S10 were in easy-flowing and S6
was in free-flowing powder group. As expected, cohesion
coefficients values of powdered puddings exhibited a similar
trend to cohesion index. The cohesion coefficient of samples
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was ranged from — 1048.71 to — 1338.83 g mm. In this
value, increased cohesion coefficient indicates decreased
cohesiveness [35]. When the data were examined, a reverse
relationship between the cohesion coefficient and cohesion
index values of the samples was observed. For example, in
S6 sample, maximum cohesion coefficient and minimum
cohesive index value were recorded. Same results could be
seen in other samples. The icing sugar and starch type were
significantly influenced cohesion coefficient values of the
samples (p <0.05). A change in the cohesive properties of a
powder can have a significant impact on manufacturing pro-
cesses and some of them may impair production efficiency
and product quality. Therefore, this values should have taken

into consideration while preparing powdered food formu-
lations. Furthermore, it should be noted that the cohesive
properties of powder are influenced by different parameters,
such as electrostatic charge, hygroscopicity, particle size,
porosity and particle shape [38], as shown as a prominent
result of this study.

The properties of powder flow may vary with increasing
or decreasing flow rates. For example, a powder may become
more resistant to flow since it is forced to flow faster, or may
actually turn into a freer flow as the flow rate increases. This
problem may result in filling problem during the storage,
handling and transportation. The PESD measures the resist-
ance of a powders as controlled flow is applied at different

23 45

Fig.1 PFSD test results of the
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speeds. Free-flowing powders will transfer very little resist-
ance in either an upward or a downward direction through
the powder column. On the other hand, poorly flowing pow-
ders exhibit significant amounts of force in both directions
[39]. The PESD test result of the powdered pudding samples
was shown in Fig. 1. The positive area under the compac-
tion curves is averaged over two cycles at each speed and
gives the compaction coefficient at each of the tested speeds.
The compaction coefficient is the work required to move the
blade down the powder column. The negative area under
the first 10 mm/s speed curves is averaged and recorded as a
cohesion coefficient. Any increase in electrostatic forces or
cohesiveness in the powder will result in a greater negative
value. The higher compaction coefficient values stem from
this reason. Figure 2 represented the compaction coefficient
trends of the powdered pudding samples with the increas-
ing test speeds. The compaction coefficients were calculated
from the positive area under the force/distance curve in each
compaction cycles. The compaction coefficients of all the
samples were decreased with the increasing test speed, indi-
cating the samples had free-flowing characteristics. The flow
stability is calculated by dividing the compaction coefficient
of the last 10 mm/s cycles by the compaction coefficient of
the first 10 mm/s cycles. Flow stability provides prominent
information about the susceptibility of powders to break-
down. In Table 4, the flow stability values of the powdered
pudding samples were shown. According to this table, the
flow stability values of samples ranged from 0.95 to 1.18.
If the flow stability value is close to 1.00, then the powder
has not changed significantly during the test. An increased
compaction coefficient and a flow stability of close to 1.00
indicate that the powder is more resistant to flow at high flow
rates. If the compaction coefficient decreases with increasing

flow rate, the higher the flow velocity, the more the pow-
der flow freely. If the flow stability was greater or less than
1.00, the powder would have changed during the test. These
changes may be due to the attrition of the powder particles
themselves or the disintegration of the agglomerates [39].
As can be seen in flow stability results, the flow stability
values of the S3, S5, S9, S11 and S12 samples were greater
than 1.00. However, S1, S2, S4, S6, S7, S8 and S10 had
the less value than 1.00 indicating that the powders would
had undergone changes during testing. In a production envi-
ronment, it may be advantageous to carry this powder at a
higher speed, because less work is required to flow at higher
speeds. On the other hand, at higher conveying speeds, the
powder may vary, and the powdered samples will have
changed through the test.

Rheological properties of pudding

In the pudding samples, the effects of starch and sugar’s
particle size changes on the rheological properties were
determined. Examining the steady rheological properties,
it was observed that the pudding samples correspond with
Ostwald de Waele model (Table 3). The apparent viscosity
(ns0) values of samples were found to range between 0.02
and 2.23 Pa s. It was determined that the apparent viscosity
and consistency coefficient values of the pudding samples
were affected by the change in starch. The lowest apparent
viscosity value was found in S7 and S8 samples prepared
using potato starch. In parallel with the apparent viscos-
ity, the same samples have also low consistency coefficient
values. Moreover, the change in particle size of sugar used
in pudding formulations affected the rheological values.

Fig.2 PFSD compaction coef- 10000 —
ficient trends of the powdered E
pudding samples . 9000 T o
g 8000 +
& 7000 +
< 6000 + — - —
S E
= 4000 +
8 :
g 3000
S 2000 £
1000 +
0 _:
10 20 50 100
——3] — =52 .
S3 54 Tip speed (mm/s)
=@u= S S S6
—f=—S7 ——S3
g SO S 10
] | —f— S ]2
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Table3 The rheological properties of samples from Ostwald de
Waele model

Samples K (Pas") n nso (Pas)  R?

S1 47.44+131°  023+0.012  2.23+0.11* 0.98+0.01
S2 30.72+1.77°  0.29+0.01°  1.86+0.00° 0.99+0.00
S3 34.25+1.839  0.27+0.0152 1.97+0.06" 1.00+0.00
S4 21.53+1.33F  0.28+0.0257  1.32+0.04° 1.00+0.00
S5 4294+1.00° 0.14+0.00"  1.51+0.07° 0.97+0.00
S6 11.69+0.25¢  0.27+0.005%¢  0.68+0.02° 0.99+0.00
S7 0.06+0.00"  0.84+0.01°  0.03+0.00¢ 1.00+0.00
S8 0.02+0.00"  0.91+0.01*  0.02+0.00¢ 1.00+0.00
S9 31.62+1.06%° 0.25+0.01%%  1.63+0.02° 1.00+0.00
S10 10.27+0.505  0.35+0.01Y  0.80+0.03° 0.99+0.00
S11 52.07+0.11*  0.14+0.00"  1.88+0.01° 0.97+0.00
S12 1.63+0.39"  0.53+0.04°  0.26+0.03" 1.00+0.00

Letters in the same column show the differences between the groups
(»<0.05) mean=+standard deviation, K consistency coefficient, n
flow behavior index, ns, apparent viscosity, Samples: SI:IS+TS,
S2: S+TS, S3:IS+MCS, S4:S+MCS, S5:IS+CS, S6:S+CS,
S7:IS+PS, S8:S+PS, S9:IS+MPS, S10:S+MPS, SI11:IS+WS,
S12:S+WS

IS Icing sugar, S sugar, TS tapioca starch, MCS modified corn starch,
CS corn starch, PS potato starch, MPS modified corn starch, WS
wheat starch

The consistency coefficient and apparent viscosity values
of samples prepared using icing sugar were found to be
higher than those of puddings prepared using granulated
sugar but opposite results were obtained in flow behavior
index (n) values, which is another parameter. In Fig. 3, the

flow behaviors of samples in response to increasing shear
rate are presented. As a result of an increase in shear rate, a
decrease in apparent viscosity was observed in all the pud-
ding samples. Examining the samples in terms of sugar’s
particle size, it was determined that the largest difference
of apparent viscosity was found in S11 and S12 samples
prepared using wheat starch. The steady rheology results
obtained in a study carried out on wheat, oat, barley and
potato starches were similar to those obtained in the present
study [40].

The rheological assessments provide data for determin-
ing and estimating the structural properties in the opera-
tion of food processing, whereas the dynamic rheological
measurements are performed generally to obtain informa-
tion about the viscoelastic behavior of samples [41, 42].
The storage modulus (G’) and loss modulus (G") responses
of pudding samples to the frequency changes are presented
in Fig. 4. G’ represents the recoverable elastic properties
stored in energy, whereas G"” is the viscosity consumed
by energy [43]. Except for the pudding samples prepared
using potato starch, G’ values of other samples were found
to be higher than G” values. This result suggests that the
pudding samples (except for S7 and S8) showed solid-like
behavior (typical of semi-solid foods) and this is a situ-
ation that is generally seen in desserts like pudding [2].
On the other hand, G’ and G” values of all the samples
increased with an increase in frequency. In another study
carried out on puddings, it was reported that the pudding
samples showed similar solid-like behavior [2]. Moreover,
G' and G" values of puddings prepared using icing sugar
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Fig.3 Flow behavior of the samples. a SI(IS+TS) and S2 (S+TYS),
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S11 (IS+WP) and S12 (S+WS). IS Icing sugar, S sugar, 7S Tapioca
starch, MCS modified corn starch, CS corn starch, PS potato starch,
MPS modified corn starch, WS wheat starch
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Fig.4 Dynamic properties of the samples. G": storage modulus, G":
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(except for S7 and S8) were found to be higher than those
prepared using granulated sugar.

Hierarchical cluster analysis of samples

In hierarchical cluster analysis (HCA), the samples are
grouped on the basis of similarities without considering
information about class membership [44]. The results
obtained after HCA are shown as a dendrogram, a graph
showing the organization and relationships of the samples
in the form of a tree [45]. In this study, the pudding sam-
ples were classified with HCA, regarding the dissimilarities
without taking into account the information of class mem-
bership. Figure 5 represented the dendogram obtained from
the HCA of the samples, in which five visible clusters were
determined. The pudding samples were grouped in clusters
regarding to their similarity. A group of samples (B) was
obviously distinguishable which was including icing sugar
in their compositions. These pudding samples were associ-
ated with their relatively higher flow stability (Table 4). The
other cluster (E) consisted of the sugar contained samples
of S2, S8 and S10. These samples were associated with
their relatively higher values of cake strength and mean
cake strength. The tendencies of grouping according to their
difference in sugar type may arise from the particle size,
particle shape and electrostatic charge. In previous studies,
hierarchical cluster analysis was found to be a quite use-
ful technique for classification as proven as a result of this
study [44, 46, 47].

Inw(rad/s)

OG'ST(IS+PS) [IG'SB(S+PS) AG"ST(IS+PS) X G SB(S+PS)

Inw(rad/s)

OG'SII(ISAWS) [G'SI2(S*WS) AG"SIL(IS+WS) XG"S12(S+WS)

S12 (S+WS). IS Icing sugar, S sugar, 7S Tapioca starch, MCS modi-
fied corn starch, CS corn starch, PS potato starch, MPS modified corn
starch, WS wheat starch

Conclusion

We conducted a study considering the powder flow char-
acteristics, such as powder flow speed dependency, caking
and cohesion behavior of ready-to-use dessert with a powder
rheometer. The rheological properties of final dessert sam-
ples were also evaluated with the steady and dynamic rheo-
logical properties. Furthermore, the cake strength results
were coupled with Hausner ratio and Carr index. With this
aim, six different types of starch (PS, MPS, TS, MCS, CS
and WS) used to achieve texture and consistency in pow-
dered vanilla pudding formulation and the change of granu-
lated sugar/icing sugar on the pudding powder. It was found
that the change in starch and sugar’s particle size affected
all the analysis results. It is thought that the difference in the

3333

Similarity

66,67

1 4 12 5 9 1 3 7

Observations

100,00

Fig. 5 Dendrogram for the hierarchical cluster analysis (HCA) results
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Table 4 Flow categorization according to flow stability, cohesion coefficient, cake strength, mean cake strength and cohesion index values of

samples
Samples Flow stability Cohesion coefficient (g mm) Cake strength (g mm) Mean cake strength Cohesion index
(o)

S1 0.98 +0.02%° —1156.59+30.18% 1267.93+33.17° 58.30+1.68% 14.15+0.26>4
S2 0.97 £0.04*° — 1140.73 +42.71 2103.53 +25.98% 104.88 +1.34° 13.23+0.52%¢f
S3 1.05+0.10*P — 1130.49 +37.66% 655.74 +44.30P¢ 4537+0.91° 13.79 +0.275%¢f
S4 0.97 +0.10*" — 1079.27 +£47.43* 1052.68 +22.67>¢ 60.72 +0.29%¢ 11.99+0.28¢
S5 1.07+0.05%° — 1102.45 +78.34% 832.40+15.51P¢ 72.99 +40.85°¢ 15.51+0.16%
S6 0.97 +0.04*% — 1338.83+57.41° —+0.00 —+0.00 0.00+0.05%%<f
S7 0.95+0.02° — 1048.71 +77.87" 639.62 +40.26° 44.64+1.89" 15.09+0.01%°
S8 0.95+0.02° — 1251.91+77.42 1957.97 +73.75% 82.73 +1.80° 12.91+0.36"¢
S9 1.09+0.07*° — 1241.00+26.39* 864.18 £21.79>¢ 50.37 +2.34%f 13.20+0.32¢f
S10 0.96+0.01* — 1332.86 +68.09* 1894.02 + 13.34% 85.80 +4.06° 12.95+0.25"
S11 1.18+0.20 — 1153.66 +55.46 1038.99 +18.96"¢ 56.31+1.54%F 14.39+0.35%¢
S12 1.07 +0.04*P —1091.34+18.64% 1137.65 +50.34%¢ 123.18 +3.27% 14.00+0.54%4¢

Letters in the same column show the differences between the groups (p <0.05) mean=+standard deviation, Samples: S1:IS+TS, S2: S+TS,
S3:I1S+MCS, S4:S+MCS, S5:IS +CS, S6:S +CS, S7:IS+PS, S8:S+PS, S9:IS+MPS, S10:S+MPS, S11:IS+ WS, S12:S+ WS

1S Icing sugar, S sugar, TS tapioca starch, MCS modified corn starch, CS corn starch, PS potato starch, MPS modified corn starch, WS wheat

starch

product stems from the differences in starch type due to the
structure changes of starches depending on their type. The
highest apparent viscosity value was observed in tapioca
starch, whereas the lowest value (the difference was approx.
75 times) was observed in the pudding prepared using potato
starch. The obtained results of our current study highlighted
the importance of determining the powder flow character-
istics of powdered dessert sample because they can be used
to predict the storage stability of products throughout the
self-life and to get a deeper knowledge on the effects of the
particle size and starch variations on the product quality in
powdered food products. This suggests that the preliminary
experiments are necessary for determining the receipts of
products, which contain consistency agents, such as starch,
and preparation of which includes a temperature—time appli-
cation. Similarly, the differences in starch type also change
the flow characteristics of the powdered product. Thus, the
flow properties, such as caking, may occur during storage
and transportation period, are affected with the starch type
in formulation. Furthermore, the changes in powdered and
ready-to-eat products due to the different particle size of
sugar are also important. The ease of sugar dissolution in the
products prepared with icing sugar was achieved due to the
decreasing particle size. Hence, this yielded more constant
pudding as a final dessert product. Moreover, the use of icing
sugar also caused a decrease in caking rates. The findings
are of great importance in understanding the storage stability
and behavior of starch-based desserts and in the improve-
ment of their textures with potential use as ready-to-use food
products.

@ Springer

As a conclusion remark, given the sensory properties,
customer acceptability and cost calculations, it became
important to determine the synergetic and antagonistic inter-
actions, especially for the consistency agents. The optimiza-
tion studies require further studies and research to provide
reference for the synergistic effects between the starch and
hydrocolloids for the production and control of powder and
final product rheology of the food products.
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