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Abstract: Bambangan (Mangifera pajang Kosterm) is an indigenous fruit that can be found
in Borneo Island including Sabah and Sarawak (Malaysia), Kalimantan (Indonesia), and
Brunei. Besides being eaten fresh, the pulp of bambangan fruit can be processed for juice
production and expand its market potential. During the fruit juice processing, application of
heat treatment such as pasteurization and sterilization might influence their rheological
behavior. Thus, the present study aims to investigate the effect of heat treatment on the
rheological properties of bambangan fruit juice (BFJ). The freshly squeezed BFJ was
subjected to different heat treatment conditions; sterilization (121°C, 3 minutes), mild
temperature long time (MTLT) pasteurization (65°C, 15 minutes), and high temperature short
time (HTST) pasteurization (90°C, 1 minute). Rheological analysis of the heat-treated BFJ
was performed using a rheometer at a shear rate ranging from 1 to 250 s and a temperature
between 5°C to 70°C. Pasteurization at 90 °C for 1 minute (HTST) was found to be the most
suitable heat treatment for the BFJ. At this condition, the BFJ exhibited a non-Newtonian
pseudoplastic fluid behavior (n < 1), fitted well with the Herschel-Bulkey model. The value
of parameters obtained from Herschel-Bulkley equation for HTST treatment of bambangan
juice were n = 0.83, k = 0.32 and vyield stress = 3.96. The viscosity values of HTST
bambangan juice at the temperature of 5, 20, 40 and 70 °C were 3.53, 2.33, 1.53 and 1.76
Pa.s respectively. This rheological information is of fundamental importance in optimizing
equipment design, process control, and sensory evaluation.
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1. Introduction

Bambangan (Mangifera pajang Kosterm) is an underutilized fruit endemic to Borneo
Island (Sabah and Sarawak of Malaysia, Brunei, and Kalimantan, Indonesia). It is a type of
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wild mango belongs to the Anacardiaceae family. The trees can grow up to 20 m in height
and bears up to hundreds of semi-oval shaped fruits. The uniqueness of thee fruits are the
size can reach up to three times larger than common mangos (Mangifera indica), has a thicker
peel, rough-brown skin, big seed size and can weigh up to 2 kg. The fruits consist of pulp
which represents 60—65% of the total weight, kernel (15-20% of total weight) and peel (10—
15% of the total weight). The fruit pulp has a delightful mango fragrance, highly fibrous,
very juicy with a unique aromatic flavor and strong smell (Mohd Fadzelly & Jeffrey, 2013).

Several scientific studies have discovered the health-promoting benefits of
bambangan fruit attributed to its rich Vitamin C content and superior antioxidant properties.
Usually, the fruits are eaten fresh, pickled or used as an ingredient in local dishes. Production
of juice from bambangan fruit is an ideal solution to expand its potential market (Mohd
Fadzelly & Jeffrey, 2013). Although, the fruit juice is highly susceptible to microbial,
enzyme, chemical, and physical degradations but affect the product quality and shelf-life
during cool and room temperatures storage. Various approaches have been investigated to
overcome this problem, but thermal treatment such as pasteurization and sterilization remains
the most cost-effective strategy to prolong the shelf-life of juice product by inhibiting
microorganisms and enzymes that can cause fruit juice deterioration (Aguilo-Aguayo et al.,
2009; Rawson et al., 2011; Jimenez-Sanchez et al., 2017).

During the processing of fruit juice, thermal treatment may affect the fruit juice
attributes, particularly on rheological behavior (REFs). Rheology attempts to define the
relationship between stress acting on given materials and the resulting shear strain developed
in this material. When stress is applied to any food material like liquid food, a strain develops
in the materials causing the deformation of materials as in the flow of juices through pipes or
movement of semi-solid foods (Roshah et al. 2007). Therefore, this rheological information
is useful for prediction of heat and mass transfer coefficient where they can be applied in
food handling and processing, quality control, sensing and for the design or development of
equipment in the fruit juice industry (Rosnah et al., 2013; Sinemobong & Emediong, 2016).

Several studies have been conducted to investigate rheological properties of fruit juice
under the influence of heat treatment including grape juice (Mauricio et al., 2017), pineapple
juice (Sinemobong & Emediong, 2016), white carrot juice (Zbigniew et al., 2015), Yankee
pineapple juice (Rosnah et al., 2013), mango juice (Manish et al., 2007), and strawberry juice
(Juszczak & Fortuna, 2003). Generally, fruit juices exhibited a non-Newtonian flow behavior
known as shear-thinning behavior, a typical pseudoplastic fluid, which can be explained by
several models such as the Newtonian, Herschel-Bulkley, Bingham, and Power Law models
(Quek et al., 2013). However, to date, no rheological information is available for juice made
from bambangan fruit. Therefore, the study was undertaken to investigate the rheological
behavior and temperature-viscosity relationship of bambangan fruit juice under different heat
treatment conditions.
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2. Materials and Methods

2.1. Preparation of bambangan fruit juice (BFJ)

Bambangan fruits (Mangifera pajang) were bought from Ranau market, Sabah and
brought to the laboratory. Upon arrival at laboratory, the fruits were washed, and the peel
was manually removed to get the pulp. The pulp maturity was evaluated according to the
total soluble solid (°Brix) using refractometer (Atago, Germany) with the matured
bambangan fruit was considered approximately around 15°Brix of total soluble solid. The
pulp was then cut into smaller pieces followed by blending using a food processor (Dito
Sama, Italy) and filtered to get the juice. The juice was prepared with a ratio of 1:1 (water
and flesh) and then placed in 500 mL Schott bottle.

2.2. Heat treatments of BFJ

The bambangan fruit juice (BFJ) was then treated at three different heat treatment
conditions denoted as high temperature short time (HTST) for pasteurization at 90°C/1
minute, mild temperature long time (MTLT) for pasteurization at 65°C/15 minutes (Pareek
et al., 2011; Wang et al., 2018) and sterilization at 121°C/3 minutes using horizontal retort
(CY-3000H, China) (Chen et al., 2015). BFJ without treatment were used as control. All
samples were stored in a cold room at the temperature of -20°C until further use.

2.3. Rheological characterizations

Rheometer (TA Instruments AR1500EX, USA) with computer software (Rheology
Advantage Data Analysis Program, TA, New Castle, DE) was used to determine the
rheological properties of BFJ. Measurement of the rheological properties was carried out
using cone and plate system. Calibration steps were carried out before operating the
rheometer. Cone-plate geometry with a diameter of 60 mm and an angle of 2° was used. A
total of 3.5 mL sample from each of the treatments was tested at a shear rate within the range
of 1-250 s (Mauricio et al. 2017). Sample temperature was controlled and regulated at 5°C,
a common storage temperature for fruit juice. The rheological models were fitted to the
experimental shear stress and shear rate data according to the rheological models as follow:
Newtonian, Bingham, Casson, Power Law, and Herschel-Bulkley. The best rheological
model that fitted the experimental data was selected according to the lowest relative error
(Equation 1) between observed and predicted values.

Relative error (%) = [(Observed value — predicted value) / Observed value] x 100 1)

After that, rheological data obtained was fitted into pseudoplastic fluid (Herschel-
Bulkley) model (Equation 2) in which 7 is shear stress (Pa), y is shear rate (s%), 7, is yield
stress (Pa) , K is consistency coefficient (Pa*2s"), and n is flow behaviour index.
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Herschel-Bulkley, T = 1, + K(y)" (2)

Different n value indicates the fluid behavior. For Newtonian behavior, n = 1 while n
< 1 indicate pseudoplastic behavior and n > 1 for dilatant behavior. Viscosity measurement
was further carried out using Peltier control system with temperature ramp from 5 to 70°C.
Perimeter of the exposed sample was covered with metal solvent trap to minimize
evaporation of sample at a higher temperature. Experiments were performed in triplicate.

2.4. Statistical Analysis

Statistical Package for the Social Science (SPSS) version 25 was used for statistical
analysis. Mean and standard deviation was calculated for triplicate and one-way analysis of
variance (ANOVA) followed by Tukey’s B test was used to evaluate the differences among
treatment at significant level of 5% (p < 0.05).

3. Results and Discussions

3.1. Selection of Rheological Model

Bambangan fruit juice (BFJ) was subjected to three different heat treatment
conditions; medium temperature-long time (MTLT), high temperature-short time (HTST),
sterilization and no heat treatment as control. All the treated BFJ samples were tested using
the existing rheological models including Newtonian, Bingham, Casson, Power Law and
Herschel-Bulkley. The best fitted model was chosen depending on the lowest relative error.
Based on the results presented in Table 1, the lowest relative error was obtained by the
Herschel-Bulkley model, indicating that this model was the best to describe the rheological
behavior of the treated BFJ.

Table 1. Relative error values of heat treated BFJ at different rheological model

Relative error (%)

Treatment/Model Newtonian Bingham Casson  Power Law Herschel-Bulkley
No heat treatment 283.0 28.0 13.9 60.8 9.3
MTLT 267.9 76.0 375 21.6 9.8
HTST 287.0 735 35.2 23.7 9.2
Sterilization 282.3 79.7 40.8 16.6 6.9

3.2. Analysis and modelling of fluid flow behavior using Herschel-Bulkley

All the treated BFJ were further analyzed for their fluid flow behavior using Herschel-
Bulkley model. The plot of shear stress and at shear rate ranging from 1-250 s for the BFJ
is as shown in Figure 1. All samples exhibited a non-Newtonian behavior with a concave
downward curve pattern, describing a pseudoplastic behavior. In addition, the flow curves
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demonstrate a static yield stress, indicating the bambangan pulp structure is sensitive and
easily disrupted by fluid movement (Adriano & Sundaram, 2009).
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Figure. Flow curves of bambangan juice with different heat treatments

A decreasing in shear stress at the beginning and increases as the shear rate increased
is an indication of initial yield stress. This phenomenon occurs due to the presence of
entangled pulp that prevents the free flow of the juices at zero shear rates. Therefore, the
cross-linking structure needs to be disrupted using appropriate shear rates and temperatures
before the flow can occur. A similar pattern was also reported by Rosnah et al., (2013) for
pineapple juice. BFJ treated using HTST condition has the highest shear stress (4.95-14.86
Pa), followed by sterilization (3.30-12.98 Pa), without heat treatment (4.99-10.59 Pa) and
MTLT (6.51-10.33 Pa). A high shear stress value for HTST might be due to the low viscosity
of the juice as a result of the heat treatment. This is an agreement with the findings by Hassan
and Hobani (1998) where the shear stress is enhanced with the increase in temperature. This
might be due to the rearrangement of the particles in parallel directions and their breaking
into smaller particles. These particles can flow more easily due to the decrease in the particle-
particle interactions, thus reducing the viscosity. This finding demonstrates the notable effect
of heat treatments on the flow behavior of the BFJ.

The Herschel-Bulkley model was used to calculate rheological parameters including
flow behavior index (n), consistency coefficient (K) and yield stress (¢,) (Table 2). As
expected, the increase in temperature reduces the flow behavior index (n) for all the
treatments but have different consistency coefficient (K) and yield stress (o,). The highest n
value was obtained for BFJ without treatment (1.11) which close to the Newtonian index
value of n = 1. The heat-treated BFJ has flow behavior index of less than 1 with values of
0.85, 0.83, 0.77 for MTLT, HTST and sterilization, respectively. This is a clear indication
that heat treatment caused the BFJ to show pseudoplastic behavior and deviate from the
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Newtonian fluid. However, there was no significant difference (p > 0.05) between the n
values of all treatments. A high flow behavior index value in the untreated BFJ was probably
due to the presence of a significant amount of water where the BFJ was made up of a 1:1
ratio between puree and water. Heat treatment may cause changes in the viscosity as a result
of water removal, leading to a decrease in n values. The n value of less than 1 obtained here
for the heat-treated BFJ is consistent with the previous finding reported by Manish et al.
(2007), Chin et al. (2009) and Quek et al. (2013) on mango, pomelo and soursop juices,
respectively.

As for consistency coefficient (K), the values were varying with different heat
treatment used. The highest K value was obtained when BFJ was treated using HTST (0.32)
followed by sterilization (0.20), MTLT (0.14) and without heat treatment (0.07), respectively.
There was a significant difference (p < 0.05) for the K value between untreated and HTST
but no significant difference for MTLT and sterilization. The variation in consistency
coefficient of BFJ might be due to the presence of water which affected by the different
temperature and heating time. The values of consistency coefficient are very important in
juice processing especially during pasteurization where the increase in consistency
coefficient will cause the flowing rate in the pipe to decrease due to more flow resistance
(Quek et al. 2013).

Table 2. Experimental data fitted to parameters of Herschel-Bulkley model for heat-treated BFJ

Treatment n K Yield Stress, o,
No heat treatment 1.11+0.342 0.07+0.04° 4,18 +0.792
MTLT 0.85+0.102 0.14+0.02%® 2.54+0.20°
HTST 0.83+0.362 0.32+0.14° 3.96 +1.55°
Sterilization 0.77+£0.042 0.20+0.08%® 2.64 +1.42°

*Data presented in mean * standard deviation (n = 3). Values followed by different superscript within each
column indicate significant difference (p < 0.05).

The untreated BFJ has the highest yield stress (4.18) followed by the HTST (3.96),
sterilization (2.64) and MTLT (2.53). However, there was no significant difference (p > 0.05)
between the yield stress values of all treatments. The yield stress gives information on the
stress that must be applied to the sample before it starts to flow. A high yield stress in
untreated BFJ indicates that a higher force requires to flow the juice.

3.3. Effect of Temperature on The Viscosity of The Untreated and Treated BFJ

The untreated and heat-treated BFJ were further analyzed for their viscosity at
temperature ramp from 5 to 70 °C (Table 3) to elucidate their temperature-viscosity
relationship. A high viscosity was found for the untreated BFJ and thevalue ranging from
4.81 to 2.32 Pa.s, followed by HTST (3.53-1.76 Pa.s), sterilization (2.76-0.97 Pa.s) and
MTLT (2.04-0.98 Pa.s). Untreated BFJ would remain viscous due to the presence of
suspended compound like pulp fiber (hemicellulose and cellulose), protein, pectin and pectin
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methyl esterase in the juice. These colloidal suspensions cause the viscous, cloud and
turbidity appearance in the juice (Sara & Aman, 2018). As compared to other samples
(HTST, MTLT and sterilization), heat treatment was applied first during pasteurization and
sterilization causing its viscosity to change due to treatment at different temperatures. The
study of the effect of temperature on viscosity can be considered as a second heat treatment
on the sample which has resulted in more structure would be breakdown and subsequently
reduces the viscosity. When subjected to heat treatment, it could breakdown the colloidal
suspensions (Tanaka & Hoshino, 2003) and reduces the juice viscosity, thus reducing the
yield stress. Only slight reduction in yield stress is observed for the HTST indicates a lower
reduction in viscosity as well as pulp fiber disruption as the heat treatment was carried out at
a relatively short time (1 minute). As opposed to that, the BFJ treated under MTLT condition
shows the lowest yield stress, high probably due to the longer heat treatment duration (15
minutes). At this condition, the system has sufficient time to break down the bambangan pulp
fiber which resulted in a low viscosity as well as yield stress.

Table 3. Viscosity values of heat treated bambangan fruit juice at different temperature

Viscosity (Pa. s) of bambangan juice versus temperature

Treatment 5.5°C 20.0°C 40.0°C 70.0°C

No heat treatment 4.81%+1.35 3.013+0.70 2.13%40.16 2.32%+0.61
MTLT 2.042+0.36 1.392+0.20 1.332+0.06 0.98°+0.05
HTST 3.53%+0.39 2.332+0.09 1.532+0.03 1.76240.10
Sterilization 2.76%+1.97 1.69%+2.27 1.01240.91 0.97 *+0.75

*Data presented in mean * standard deviation (n = 3). Values followed by different superscript within each
column indicate significant difference (p < 0.05).

It should be noted that the heat treatment applied for the BFJ in the previous section
resulted in high viscosity due to water removal. As for the heat-treated BFJ (HTST, MTLT
and sterilization), when the samples were subjected to heating at temperature ramp from 5 to
70 °C, the reduction of viscosity occurred due to the breakdown of bambangan pulp fibre.
These results clearly supported the values obtained from the flow behavior analysis (Figure
1) and analysis of fitted parameters on Herschel-Bulkley model (Table 2). It is also in
agreement with the findings reported by Wijitra et al. (2013) where viscosities of fruit juices
were varies at different temperature depending on the type of fruit juice used. Lower viscosity
value for BFJ treated using MTLT might also be attributed to the hydrolysis reaction by the
action of enzymes present in the juice (Solange et al. 2009). Changes in viscosity of fruit
juice may have a big impact on the process especially those that involve mixing (stirrer
dimension, type and pump capacity, reactor liquid circulation, etc).

4. Conclusion

The effect of pasteurization (MTLT and HTST) and sterilization of bambangan fruit
juice (BFJ) on the rheological behavior is satisfactorily be described by Herschel-Bulkley
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model that showed a pseudoplastic fluid behavior. The findings that obtained from this study
provide useful information for juice manufacturers to design a suitable equipment and
transport systems in juice processing.
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