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ABSTRACT

Introduction: Spray dry is a single step of drying method to transform the fluid materials to dry particles.
Common practice for producing the solid form is by using the freeze dry technique. However, the existing freeze
dry process was associated with longer drying process, high maintenance and costly. Alternatively,
researchers used spray drying during extraction process, yet, an elevated drying temperature applied may
incur some effects on the quality and quantity of the extract. Therefore, the present study was aimed to
investigate the thermal effect of spray drying process on the quality of spray dried Ficus deltoidea (F.deltoidea).
Methods: The thermal effects of spray drying were identified at three different inlet air temperatures
(160 °C, 191 °C and 220 °C) which are minimum, optimum and maximum of inlet air temperature, respectively.
The Box-Behnken Design through response surface methodology was utilized to identify the optimum operating
conditions at these temperatures. The quality of £ deltoidea in terms of yield, moisture content, marker
compound (vitexin), total saponins, total protein and total polysaccharides were studied. Results: From the study,
total saponins and polysaccharides exhibited better retentions during the spray drying process.
Meanwhile, vitexin and total protein was found decreasing by 30% and 50% respectively, during the spray drying
process. Conclusion: High operating of air inlet temperatures in spray drying process contribute to higher process

yield, produce non-sticky particles with lower moisture contents compared to drying process at 160 °C.
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INTRODUCTION

F. deltoidea or Mas Cotek belongs to the Moraceae
family. It is an epiphytic shrub plant that can be
found in several countries throughout Southeast Asia.
F. deltoidea plant is divided into two plant types which
are male and female plant. Since the ancient time,
the leaves of F deltoidea have been used as herbal
remedies in strengthening the uterus for women after
childbirth, increase the blood circulation, enhance and
recover the sexual desire, lessen the cholesterol, remove
the toxin in body, reduce the level of blood sugar, treat
migraine and delay menopause (1). It also contains
phytochemical compounds namely flavonoids, tannins,
phenols, triterpenoids, proanthocyanins and saponin
(2-3). The studies done by researchers have revealed
that £. deltoidea possess pharmacological effects like an
anti-inflammatory (4-5), antioxidant (6-9), anti-diabetic

(10-11), anti-melanogenic (2), anti-photoaging (12),
antithrombotic and antinociceptive (1), enhance wound
healing (13) and antihyperglycemic activity (14).

Since the shelf life and quality of the end product is
an important aspect in herbal processing; therefore,
the water content in the . deltoidea extract should be
removed before the product will be commercialized.
Spray drying process is the most practice for finished
product of £ deltoidea. It is a method of transforming
liquid or slurry into a dry powder form using a hot
air as a drying media. Nevetherless, the retention of
phytochemicals of dried F. deltoidea after spray dry was
questioned especially when it was operated at elevated
temperature as it might cause some of thermolabile
compound to be degraded.

According to our previous work on optimization of
spray drying Nor Rashidah (2016), (32), the inlet
air temperature was found to be the most important
variables for the quality of bioactive compounds of
F. deltoidea. This was supported in the study of the
retention of anthocyanin, 6-gingerol, diadzein and

Mal ) Med Health Sci 16(SUPP11): 95-100, Nov 2020 95



Malaysian Journal of Medicine and Health Sciences (eISSN 2636-9346)

genistein, tannin and vitamin C in spray dry powder
(15-18). The inlet air temperature has the capability to
affect the efficiency of heat and mass transfer process.
The current study focused to identify the effects of spray
drying temperature towards the quality of spray dry of
F. deltoidea extract mainly through screening process
of the selected conditions. At the selected optimum
conditionsof spray dying, theeffectof inletairtemperature
on moisture content and biactive compounds retentions
were determined. The range of selected conditions
used was mainly to screen for the early effects on the
extract before proceeding to optimizations study using
Response Surface Methodology.

MATERIALS AND METHODS

Materials

HPLC - grade ortho-phosphoric acid, methanol,
acetonitrile, ethanol, sulphuric acid and phenol were
purchased from Merck®, USA. Escin, D-glucose
and vanillin were purchased from Sigma-Aldrich®,
USA.  Bovine Serum Albumin, sodium hydroxide
(NaOH), sodium carbonate (Na?CO?), copper sulphate
hydrated (CuSO4.5H20), potassium sodium tartarate
(KNaC,H*O,4H,0) and Folin-Ciocalteau purchased
from Merck®, USA. The green leaves of £ deltoidea
leaves were procured from Moro Seri Utama Enterprise,
Batu Pahat, Johor (particle size 24 mesh). The leaves
were identified and authenticated by a botanist and a
voucher specimen (SK 2310/13) was sent to Herbarium
Institute of Bioscience, Universiti Putra Malaysia,
Serdang, Selangor.

Preparation of the extract

The dried leaves of £ deltoidea were boiled at 87°C
with ratio of water to solid content 19.12:1 (w/w),
agitation speed of 400 rpm for 2.71 hours on the hot
plate. The filtrate was then filtered using Whatman
No. 1 filter paper and the extract was kept at 4 °C until
further use.

Spray Drying Conditions

The process was performed by using a lab-scale spray
dryer Buchi (Model SD-04, Switzerland) with co-current
flow between sprayed F. deltoidea extract and hot air as
shown in Fig. 1. The diameter of nozzle was 0.5 mm.
The feed solution was continuosly stirred and fed into
the chamber through peristaltic pump.

Process Yield

In order to determine the successful of the spray
drying process, the process yield was calculated using
Equation 1. The total of solid content was determined in
reference to AOAC standard [31].

Mass of powder recovered
Mass of solid content in feed solution

% Process yield = x 100 (1)
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Fig. 1 : F. deltoidea marker compounds

Moisture Content

The moisture content was determined according to
Erham (19). Ten mg of sample was weight in crucible
dish and placed in vacuum oven at 105°C until a
constant weight was achieved.

Vitexin Determination

Quantitative analysis of vitexin was carried out using
HPLC with operating conditions that matched the
previous study with slight modification (4). The HPLC
used was equipped with Waters 2690 Separation
Module auto sampler and Waters 996 Photodiode-array
detector (Water Corporation, Milford, Massachusetts,
USA). The chromatographic separation of vitexin was
performed using Kinetex 5 p Biphenyl 100 A column
(150 mm x 4.6 mm, 5 pm). The column temperature
was controlled at 35°C. A gradient elution consisting
of solvent A (acetonitrile) and solvent B (0.1% ortho-
phosphoric acid) was run at flow rate of T mL/min as:
0 - 11 min (5 -35% A), 11 — 12 min (35 - 5% A),
12 — 14 min (5% A). The injection volume was 10 pl
and the detection wavelength was set at 335 nm.

Total Saponins Measurement

The total saponins content of F deltoidea leaves
was examined using colorimetric method with slight
modification (20-21). The sample was mixed with 0.5
mL of 8% (w/v) vanilin and 5 mL of 72% sulfuric acid.
The mixtures were then incubated in a water bath for 10
minutes at 60°C and cooled for another 15 minutes in
an ice bath. The samples were analysed using UV-Vis
Spectrophotometer (Model UV-1800, Shimadzu, Japan)
at absorbance of 560 nm. Escin was served as standard.

Total Protein Measurement

Determination of total protein was measured according
to The Lowry’s method (22). Burette reagent (3 mL) was
prepared by mixing solution A (50 ml of 2% Na,CO,in
0.1 N NaOH) and B (1 ml of 0.5% CuSO,.5H,0 in
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1% KNaC,H,0,.4H,0) with ratio volume of 50:1,
respectively. Then, the sample or standard (1 mL) was
added into burette reagent. The mixture vortexed and
incubated at room temperature for 20 minutes. Then,
200 pl of Folin-Ciolcateau reagent was added and
reaction mixture reincubated for another 30 minutes.
Bovine Serun Albumin (BSA) was used as a standard. The
samples were analyzed using UV-Vis Spectrophotometer
(Model UV-1800, Shimadzu, Japan) with the absorbance
reading at 750 nm.

Total polysaccharides measurement

Total polysaccharides content in F. deltoidea spray
dried powder was quantified according to the phenol-
sulphuric acid colorimetric assay method in which the
glucose was used as a standard (21). T mL of extract was
mixed with 4 mL of 99.5% ethanol in a plastic tube. The
mixture was incubated in an ice bath for an hour. After
incubation, the mixtures were centrifuged for 10 minutes
at 13,000 rpm. The supernatant was removed without
disturbing the pellet. The pellet was washed twice with
4 mL of 99.5% ethanol. The pellet was then air dried
and dissolved in 3 mL of distilled water. Glucose stock
solution (100 ppm) was prepared in distilled water and
a series of dilutions of 20, 40, 60 and 80 ppm were
prepared to final volume of 1 mL. For analysis, 0.5 mL
of the standard and extracts solutions was mixed with
0.5 mL of 4% (w/v) of phenol. 2.5 mL of concentrated
sulphuric acid was added into the mixture in ice bath.
The reaction mixture was heated at temperature of 80°C
for 30 minutes in water bath (Model WNE14, Memmert,
Germany). After cooling to room temperature, the
absorbance was measured at 492 nm against distilled
water with reagent as a blank.

Statistical Analysis

The three level of Box-Behnken design with five
replicates at the centre point was utilized to construct
the experimental run for this study. The range of
each independent variables and their coded level are
displayed in Table I. Design Expert software (version
6.0.8) was used to simulate the analysis of variance
(ANOVA) for all designed experiments with its statistical
difference and its interactions from the p value and
regression analysis of the study.

Table | : Spray drying factors and their coded level in Box-Behnken
design for F. deltoidea extract

Factor levels

Factor Unit
-1 0 +1
Inlet air temperature (A) °C 160 191 220
Feed flow rate (B) ml/min 2 4 6
Air pressure (C) psi 20 40 60
Feed temperature (D) °C 25 62.5 100

RESULTS

Optimum Conditions of Heat Treatment

According to the design developed by BBD, the operation
conditions for three targeted inlet air temperatures
at 160°C (minimum), 191°C (optimum) and 220°C
(maximum) were determined as Table 2 where the
optimum inlet air temperature provided highest process
yield (10.01%), followed by minimum and highest inlet
air temperature with 8.11% and 7.27% of process yield,
respectively. A full quadratic model was developed in
overall process from the response surface methodolgy
acquire from Design Expert and is shown as in the
equation below.

Process yield = 7.58 + 1.00A- 2.50B + 0.34C + 0.094D -
0.30A% + 0.22B%-1.14C? + 0.018D?* + 0.37AB + 0.17AC
+ 0.022AD - 0.083BC+ 2.500E-0.03BD + 0.16CD

Powders Moisture Content

As shown in Table I, the moisture content of
F. deltoidea spray dried powder at the inlet air
temperatures of 220°C, 191°C and 160°C were 3.67%,
4.33% and 6.83%, respectively. It was demonstrated
that the moisture content was lowest when it was
introduced to the highest inlet air temperature
as compared to the lowest inlet air temperature.
Meanwhile, a full quadratic model was developed
to show the moisture content interactions as shown
in the equation below.

Moisture content = 5.30 — 1.47A + 0.47B — 0.28C +
0.19D + 0.23A? + 0.27B% — 0.66C? — 0.20D? + 0.12AB
—0.083AC + 0.21AD + 0.042BC - 0.17BD + 0.021CD

Table 11 : Operating conditions at selected inlet air temperatures of
F. deltoidea extract spray drying process

Factor Response
A B C D Process Moisture Total poly-
yield content saccharides
(%) (%) (%)
160 2.00 20.00 25.00 8.11 6.83 99.5
191 2.00 28.00 25.00 10.01 4.33 97.1
220 4.00 24.00 25.00 7.27 3.67 88.5

A - Inlet air temperature (°C); B - Feed flow rate (ml/min); C - Air pressure (psi);
D - Feed temperature (°C)

Marker Compounds Retention

To investigate the level of retentions of bioactive
compounds after heat treatment, the bioactive
compounds from £ deltoidea extract (feedstock) and
spray dried powder were determined. The vitexin
content was determined using linear regression
equation (Y = 44054x + 36625, R? = 0.9998). Total
saponins content was obtained using linear regression
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equation (Y = 0.0012x + 0.175, R* = 0.9964),
which was obtained from the calibration curve of
Escin. Total protein obtained from the BSA standard
curve was estimated by linear regression equation
(Y = 0.002x + 02418, R2 = 0.9983). Total
polysaccharides were identified by linear regression
equation (Y = 0.0118x + 0.0552, R* = 0.9967), which
was obtained from glucose standard curve.

From Fig. 1, it can be seen that at all inlet air
temperatures indicate that two constituents, namely
saponins and polysaccharides were founds to
have better percentage of retention which are vary
from 88.5 to 99.5 %. On the other hand, the marker
compounds of £ deltoidea namely vitexin was
observed to degrade after sprays drying, which are
32.4%, 31.9% and 40.9% at the inlet air temperatures
of 160°C, 191°C and 220°C, respectively. Same goes to
the protein, which found to be denatured after spray
drying process; with the retention level is ranging
from 54.8% to 59.2%. The retention of protein was
found the lowest in spray dried of F.deltoidea.

DISCUSSION

In spray drying process, operating at an optimum
processing conditions that produces highest process
yield is required. From this study, the optimum inlet
air temperatures (191°C) is nearly in line as stated by
Pisecky (2005) that 180°C to 190°C of inlet air
temperature is commonly used spray dryers at an
industrial scale. From the ANOVA results (Table 3),
the generated second order model shows the
experimental data with the R? values of 0.9727.
The significant P-value was achieved for this model
(p<0.0001). Therefore, it means the operating
parameters considered provided significant effect
on the process yield of F. deltoidea spray dried.

Table 111 : ANOVA for process yield of F. deltoidea spray drying
process

Source SS df F-value P-value R?
Regression 99.21 14 7.09 35.69 0.9727
Lack of fit 2.60 10 35.75 0.0532 -
Pure error 0.18 4 0.045 - -
Residual error 2.8 14 0.20 - -
Total 101.99 28 - - -

The moisture content determines the long shelf life
of the product, affecting the physical properties
of the product and the presence of chemical and
microbiological stability of the spray dried products
(23). At the higher inlet air temperature, there was a
greater temperature gradient between the drying air
and the atomized feed, leading to faster evaporation of
water and thus producing powders with lower moisture

content (15). For the pharmaceutical product including
spray dried extract, the moisture content with values
of lower than 5% (w/w) was considered adequate (24).
Therefore, moisture content range of £. deltoidea spray
dried was acceptable for pharmaceutical product
and sufficient to say the F£ deltoidea powder is
microbiologically safe (25).

The findings of saponins and polysaccharides can be
stated as thermo-resistant compound. It was proved
that there was no apparent degradation occurred even
subjected at elevated inlet air temperature during
spray drying. This is possibly due to the evaporative
cooling effect of co-current operation during the critical
drying time (26). However, vice versa occur on the
vitexin which are degraded over inlet air temperatures.
The same results found that the flavonoid in
Rosmarinus officinalis extract degraded up to 39.1%
when 150°C of inlet spray drying temperature was
used. This because of flavonoids substance exhibited
antioxidant activity is highly reactive with oxygen (27).
Hence, the oxidative condensation or decomposition
of thermolabile compounds induced by heat may affect
the degradation of flavonoids substances in £. deltoidea.
In addition, the phytochemicals in plant might be
affected by the thermal process which can affect
the integrity the cell structure of plants and losses
by various chemical reactions such as enzymes,
oxygen and light (28).

The total protein content was found the most thermo-
labile compounds among F. deltoidea’s bioactive
compounds. At an elevated temperature, the molecules
of protein become flexible and increment the
intermolecular collision among them cause greater
probability of protein denaturation (29). Besides that,
more than 70% of occurrence of protein denaturation
could occur when the drying temperature was operated
above 200°C due to occurrence of disruption and
destruction of protein secondary and tertiary structure
during the drying process (26). The other possible factor
of denaturation of protein during spray drying is the
atomization condition. High atomization could produce
fine droplets with extremely high surface area which
greatly influenced the denaturation of protein (30).

CONCLUSION

From the result of this study, it can be concluded that
there was no thermal degradation happened on the
bioactive compounds in £ deltoidea extract, namely
total saponins and total polysaccharides. However,
the inlet air temperature of spray drying was found led
to the degradation of biomarker compound (vitexin)
about 32.4% to 40.9%. Same goes to the protein
compound which degraded approximately more than
50%. The degradation problem of vitexin and protein
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during the spray drying process might be overcome
by microencapsulate the extract using adjuvant such
maltodextrin. High operating inlet air temperatures
could produce better process yield, produced non-sticky
product with lower moisture content.
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