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Abstract: Onion is one of the most common seasoning
ingredients that are useful for antioxidants. Drying is one
of methods to prolong the storage life as well as preserve
the ingredients. This research evaluated the effect of air
temperatures on drying rate and onion quality.  The onion
was peeled and sliced into 1 mm thickness. It was then
dried for 120 min under various temperatures ranging
40-70°C. As the response, the moisture and gallic acid
content was observed at every 30 min. The data were used
for calculating the kinetic parameters of drying rate and
gallic acid degradation. Results showed that the drying
rate of sliced onion can be well expressed using two term
model. The model is very beneficial to predict effective
drying time as well as energy consumption. Moreover, the
gallic acid degradation can be classified as third order
reaction that is meaningful to estimate the ingredients
quality retention.

INTRODUCTION

Onion is one of the most common seasoning
ingredients in several countries. Besides for culinary
seasoning  preparation,  onion  contains  various
beneficial  chemical compounds such as fibers, vitamins,
organic  acids  and  antioxidants[1].  Gallic  acid  known as
3-5-trihydroxybenzoic acid is a phenolic compound
contained in onion[2]. The compound is useful for human
body as anti-allergies, antioxidants, anti-inflammation,
anti-hyperglycaemic, anti-lipid peroxidative and
anti-microbial[3, 4]. Gallic acid is sensitively influenced
with the change of temperature. Thus, the proper
post-harvest treatments and storage of onion are required
to retain the compound.

One of the post-harvest treatments for onion is the
drying, a process to evaporate water from the onion by
introduction of heat[5, 6]. Previous study showed that the

harvested onion contains moisture ranging 86-90%[7, 8].
With the higher moisture content, the onion is easily
germinated.  With the drying, the moisture in onion can
be kept 10% or below in which prolong the storage life.
However, the excessive thermal process can affect the
stability of gallic acid and the others phenolic
compounds[9].  So,  the  benefit  as  an  antioxidant
degrades.

Several studies showed that high temperature drying
reduces vitamin C, phenolic contents, color and the other
ingredients[10]. In addition, higher drying temperature
needs the high thermal energy requirement[11]. However,
low  temperature  drying  results  long  drying  time  and
some  products  cannot  be  fully  dried  due  to  the
sorption isotherm characteristic. Hence, the scientific
question is how to retain the active substance such as
gallic  acid  with  effective  drying  time  and  energy
used.
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One of the alternative to improve quality of onion is
using air dehumidification dryer[12, 13]. Using air
dehumidification, the driving force for drying can be
enhanced[14]. So, the quality and nutrition in food product
can be maintained as well as the faster drying time. This
drying system showed a good result for onion[7, 8] as well
as several agriculture products such as wheat[15], roselle[16],
paddy[17]. However, the comprehensive observation
involving drying time and ingredients retention such as
gallic acid on different temperature has not been studied.
This aspect is very meaningful for considering the proper
temperature for onion drying and the other process
treatment.

MATERIALS AND METHODS

Fresh onions namely Bima variety (Allium cepa) with
moisture content 83-85% (wet basis) were obtained from
local market in Semarang, Central Java, Indonesia. Gallic
acid standard (purity 99.0% pa, Merck, Germany),
Follin-Cioucalteureagen, Na2CO32M and ethanol 96%
were obtained from Merck, Germany and used for gallic
acid content analysis in onion. The analysis was
performed by Shimidzu Spectrophotometer UV-Vis
(UV1800; Shimadzu Corporation, Kyoto, Japan).

The  schematic  research  method  was  illustrated  in
Fig. 1 briefly, the methods consist of three main steps
involving  onion  drying  under  different  temperatures
(40, 50, 60 and 70°C), observation (moisture and gallic
acid content) and kinetic model development. The model
was validated with experimental data and used to select
the drying condition.

Onion drying: The fresh onion were peeled and sliced
into approximately one mm using home scale slicer
(Speedy mando, Tupperware, Indonesia). The sliced
onion was then put at tray dryer with air dehumidified by
zeolite.  The  schematic  of  tray  dryer  can  be  shown  in
Fig. 2 ambient air (temperature 30°C, relative humidity
75-80%) was passed dehumidification column contain
with Zeolite 3A (provided by Zeochem) to reduce the
humidity up to 10% (measured by KW0600561,
Krisbow®, Indonesia presented as T-RH). The dry air was
heated up to certain temperatures (supposed 40°C). The
air  was  used  for  drying  the  sliced  onion  for 120  min.
The  linear  velocity  of  air  in  pipe  (ID  0.085  m)
around  7 m secG1 was measured by anemometer
KW0600562, Krisbow®, Indonesia). This velocity
resulted 0.54 m secG1 drying chamber (Cross sectional
area  0.15  m2).  As  a  response,  the  gallic  acid
concentration   was   observed   every   30   min.   The 
steps  were  repeated  for  air  temperature  50,  60  and
70°C.

Fig. 1: The schematic diagram of research

Fig. 2: The schematic of laboratory tray dryer system with
air dehumidification: (1) Blower, (2) Valve, (3)
Zeolite compartment, (4) Anemometer, (5)
Temperature and Relative Humidity sensor
(T-RH), (6) Heater, (7) Tray column dryer and (8)
Thermo regulator

Determination of gallic acid content by Folin-Ciocalteu
Colorimetric method: The gallic acid content was
determined according to Folin-Ciocalteu Colorimetric
method[18]. The 5 g dried onion was mixed by 100 mL
extraction solvent (96% ethanol). This mixture was
extracted with ultrasonic for 30 min and incubated in dark
room for 30 min. The supernatants were used for gallic
acid analysis.

The extract (0.1 mL) was mixed with 0.5 mL of 50%
Folin-Ciocalteu reagent and 7.9 mL distilled water. The
mixture was incubated at ambient/room temperature for
10 min. Then 1.5 mL of sodium carbonate solution (20%)
was  added  and  incubated  at  ambient  temperature  for
60 min. The absorbance of the solution was measured by
a spectrophotometer (UV1800; Shimadzu Corporation,
Kyoto, Japan) at 250 nm. The absorbance value of the
sample was converted to mg gallic acid per 100 g of dry
basis onion by interpolation with the absorbance values of
gallic  acid  standard  series  in  various  concentration
(50, 100, 200, 300, 400, 500, 600, 700 ppm).
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Kinetic  model  of gallic acid degradation: The kinetic
of gallic acid degradation was described by Eq. 1 as
follow:

(1)ndC
- = kC

dt

Where:
C = The concentration of gallic acid (mg GAE/100 g

DW onion)
t = The drying time (min)
k = The constants of gallic acid degradation
n = The order reaction

The kinetic model order 0th, 1st, 2nd, 3rd and 4th
were used to describe the kinetic of gallic acid
degradation (Eq. 3-7).  After integration, Eq. 1 changes
based on the order as follow: nth order reaction:

(2)
1

1-n) (1-n)
t 0

(C [C -kt(1-n)]

Equation 2 can be written as follows: 0th order reaction:

(3)t 0C = C -kt

1st order reaction:

(4)0nCt = InC -kt

2nd order reaction:

(5)
t 0

1 1
= +kt

C C

3rd order reaction:

(6)
2 2

t 0

1 1
= +2kt

C C

4th order reaction:

(7)
3 3

t 0

1 1
= +3kt

C C

The model was fitted to the experimental data using
Sum of Square Error (SSE) for validity evaluation. The
kinetic parameter, constants of gallic acid degradation can
be correlated with drying temperatures using Arrhenius
equation (Eq. 8):

(8)0

Ea 1
ln k = - +ln k

R T

Where:
R = The universal gas constant (8.314 Joule/mol/K)
Ea = The activation energy (J molG1)
k0 = Frequency factor or Arrhenius constant
T = The absolute temperature (K)

The value of Arhhenius parameter, Ea and k0  were
used to predict the value of constants of gallic acid
degradation in higher and lower drying temperatures.

FTIR analysis: FTIR analysis was used to observe the
different of chemical composition in fresh onion and dried
product. The analysis was conducted using Spectrometer
(Frontier FT-IR 96681 from Perkin Elmer, America). All
FTIR spectra were recorded from 4000-400 cm at a
resolution of 4 cmG1. The sample analysis was repeated
three times.

Kinetic model of onion drying: The kinetic of onion
drying (kd) was estimated using thin layer model namely
two term (Eq. 9):

(9) d1 d2MR = a exp -k t +b exp(-k t)

The moisture ratio was calculated using Eq. 10:

(10)
e

0 e

(M-M )
MR =

(M -M )

Where:
M = The moisture content at t, min
M0 = The initial moisture content at 0, min
Me = The equilibrium moisture content

The equilibrium moisture content was calculated
using modified Henderson model[19], Eq. 11:

(11) -5 2.48
R c eH = exp(-3.6×10 T +10.87 M

Where:
HR = The relative humidity
Tc = The drying temperatures (°C)

The predicted drying time, from initial moisture
content (84%, wet basis or 5.12, dry basis) to final
moisture content (5%, wet basis or 0.52 dry basis) was
calculated   using   Eq.  9.   The   value   of   kd   was 
validated by moisture ratio reduction versus time from
experiment.

RESULTS AND DISCUSSION

Effect of the drying temperature on gallic acid
content: The phenolic compounds including the gallic
acid can degrade with the change of condition such as
light, pH, oxygen, temperature and time[9].  In this study,
the stability of gallic acid in onion was observed during
the drying process at different temperatures. The effect of
drying temperature in gallic acid content was depicted in
Fig. 3.
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Fig. 3: Degradation  of  gallic  acid  (mg  GAE/100 g DW 
onion)  during  heating  at  40,  50,  60  and 70°C

Fig. 4: Reaction of gallic acid thermal degradation[20]

Using the ANOVA test, the reduction of gallic acid
content during the drying was significant (p<0.05). Heat
treatment causes irreversible reaction of phenolic
compound as illustrated in Fig. 4[9]. For example,  the 
fresh  onion  contains  gallic  acid around 10.8 mg DWG1

gallic acid.  After 120 min of drying, at air temperature
70°C the gallic acid content decreased about 10%, until
9.8 mg DWG1 gallic acid. While at 50°C and 60°C, the
gallic acid content decreased was only 9%. The lowest
degradation occurred at 40°C, amount 7%.

The thermal degradation of gallic acid in onion was
lower than in the standard gallic acid. With direct heating,
the gallic acid standard, degrades up to 15% at
temperature 60°C for 220 min[21]. While in this research,
the degradation of onion at drying temperature 60°C was
only 9%. Perhaps, the pH or the presence of the other
components such as water in onion can inhibits the
degradation. Moreover, the onion layer can protect from
the direct contact with heat.

The decrease in the phenolic compounds during
drying could be attributed to the binding of polyphenol
with other compounds (protein) or to alteration in the
chemical structure of polyphenol which cannot be
extracted or determine by available method[13]. On the
other hand, polyphenol can be oxidized by with oxygen
from air forming Quinone and Hydrogen Peroxide[22]. This
reaction was represented in Fig. 4[20].

There were some absorbance changes based on FTIR
analysis (Fig.  5). After drying process the absorbance of 

Fig. 5: FTIR spectra of fresh and dried onion at frequency
of 400-4000 cmG1

OH peak (wavelength 3400 cmG1) in fresh onion was
decreased. The absorbance is directly proportional to the
concentration[18]. The gallic acid content can be indicated
by lower of OH peak. It will be concluded that the gallic
acid are converted into Quinone as represented (Fig. 4).
The degradation increases with the increase of
temperature.

Kinetics of gallic acid degradation at different
temperature:  Degradation  of  gallic  acid  used  0-4th
order kinetics models. The models were fitted to
experiment data. The parameters validity were evaluated
by Sum of Square Error (SSE). The value of k, constant
of gallic acid degradation and the SSE values were listed
in Table 1. The minimum SSE value was showed in the
third-order kinetic model. This was new finding since the
usual kinetic model for gallic acid degradation is the
kinetic first model such as in pure gallic acid[23] and
yacon[24]. The different raw materials of gallic acid
resulted the different kinetic model of gallic acid
degradation.

Degradation parameters such as half-life and
activation energy were shown in Table 2 for third order
reaction. The half life for 3rd order reaction can be
calculated as follow:

(12)n
0

3
h =

2kC

As the drying temperature increased, the value of
constant of gallic acid degradation also increased from
7.32×10-6-1.03×10-5. The result indicated that the higher
drying temperature, the degradation of gallic acid in onion
is faster. The kinetic data were then used for estimating
Arrhenius parameters such as Activation Energy (Ea) (as
expressed in Eq. 9). The activation energy for the gallic
acid degradation in onion was 10.052 kJ molG1. While in
Activation Energy (Ea) for the gallic acid degradation in
yacon was lower, 8.68 kJ molG1[24].
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Table 1: The value of k and SSE for kinetic model
40°C 50°C 60°C 70°C
---------------------------- ------------------------------- ------------------------------- ----------------------------

Reaction order k SSE k SSE k SSE k SSE
0 8.4×10-3 0.08 9.78×10-3 0.17 1.05×10-2 0.25 1.08×10-2 0.35
1 7.81×10-4 0.07 9.24×10-4 0.15 1×10-3 0.23 1.05×10-3 0.33
2 7.73×10-5 0.07 9.11×10-5 0.14 9.89×10-5 0.22 1.02×10-4 0.30
3 7.32×10-6 0.06 8.85×10-6 0.12 9.73×10-6 0.20 1.03×10-5 0.28
4 8.13×10-7 0.08 9.4×10-7 0.13 9.53×10-7 0.19 1.01×10-6 0.28

Table 2: Degradation kinetic parameters of gallic acid degradation at
40, 50, 60 and 70°C

T (°C) h Ea (kJ moGl1) k0×10-6

40 1751.85 10.05 3.60
50 1448.99
60 1317.94
70 1245.00

Table 3: Kinetic parameters of drying at 40, 50, 60 and 70°C
T (°C) a kd1 b kd2 SSE
40 0.90 0.02 0.23 0.05 0.07
50 0.90 0.03 0.23 0.10 0.06
60 0.90 0.03 0.23 0.10 0.09
70 0.80 0.07 0.23 0.07 0.03

Table 4: Drying time and gallic acid degradation at drying 40, 50, 60
and 70°C

T (°C) Drying time (min) Gallic acid degradation (%)
40 158.28 11.30
50 123.85 10.79
60 107.06 10.33
70 52.00 5.730

Kinetics of drying at different temperature: The
moisture content during the drying process was observed.
The moisture content was converted into dimensionless
moisture, namely moisture ratio and it was depicted in
Fig. 6. The higher drying temperature resulted the lower
moisture ratio. Increasing the drying temperature 10°C
from   temperature   40-50°C   resulted   moisture   ratio 
1.67 times lower.

The kinetic parameter of the drying was then
calculated using two term model (Eq. 9) from the
moisture ratio data. The kinetic parameter from two term
model was listed in Table 3. The kinetic parameter was
then used to obtain the estimated drying time. The drying
time was listed in Table 4. The higher drying temperature
leads the higher driving force for the drying and higher
drying rate[25]. So, the drying time was shorter as the result
of this research.

The kinetic parameter of gallic acid degradation in
Table 2 and kinetic parameter of drying in Table 3 were
used to estimate the gallic Acid degradation along the
drying process (Fig. 7). Selection of the proper drying
condition is important to minimize the drying time and
maintain the nutrition such as gallic acid.

Selected drying condition: The selection of drying
condition was important to get the proper condition with
short drying time and high nutrition such as gallic acid.
The comparison of each drying temperature was listed  in 

Fig. 6: Moisture ratio during drying at 40, 50, 60 and
70°C

Fig. 7: Predicted of Gallic acid degradation (%) during
the drying time

Table 4.  As the parameter, the drying time and gallic acid
degradation were calculated. At  drying  temperatures 
70°C,  the  drying  time  was 3 times faster than in drying
temperatures 40°C. Since, the faster drying times the
gallic acid degradation in  70°C  was  lower  than  in 
40°C.  Drying  at  70°C  for 52 min can be option to retain
the gallic acid content and short drying time.

CONCLUSION

The post-harvest onion contains gallic acid around
10.8 mg DWG1 gallic acid. The kinetic parameter of the
drying was estimated using two term model. The drying
temperature affects the gallic acid degradation. The
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thermal degradation of gallic acid in onion was lower than
that of the gallic acid isolated the others food products.
The presence of the other components such as water and
onion layer can inhibit gallic acid degradation. At higher
drying temperatures, the kinetic of the drying was higher
so the drying time can be shorter and the degradation can
be lower. gallic acid degradation resulted quinone and
hydrogen peroxide in which followed to the third order
kinetic model. The activation Energy (Ea) for the
gallicacid degradation in onion was 10.05 kJ molG1 and
frequency factor was . The kinetic parameter of drying
and kinetic parameter of gallic acid degradation can be
used for drying condition selection. The drying at
temperature 70°C for 52 min was selected as the
favourable drying condition.

ACKNOWLEDGEMENTS

This study was supported by Research and
Community Service Centre, Diponegoro University under
Research and International Publication Grant 2019.

REFERENCES

01. Kandoliya,  U.K.,  N.P.  Bodar,   V.K.   Bajaniya,
N.V. Bhadja and B.A. Golakiya, 2015. Determination
of nutritional value and antioxidant from bulbs of
different  onion  (Allium  cepa)  variety: A
comparative study. Int. J. Curr. Microbiol. Applied
Sci., 4: 635-641.

02. Cheng,  A.,  X.  Chen,  Q. Jin, W. Wang, J. Shi and
Y. Liu, 2013. Comparison of phenolic content and
antioxidant capacity of red and yellow onions. Czech
J. Food Sci., 31: 501-508.

03. Balasundram, N., K. Sundram and S. Samman, 2006.
Phenolic compounds in plants and agri-industrial
by-products: Antioxidant activity, occurrence and
potential uses. Food Chem., 99: 191-203.

04. Eslami,  A.C.,  W .  Pasanphan,  B.A. Wagner and
G.R. Buettner, 2010. Free radicals produced by the
oxidation of Gallic acid: An electron paramagnetic
resonance study. Chem. Cent. J., Vol. 4, No. 1.
10.1186/1752-153X-4-15

05. Djaeni, M., D. Anggoro, G.W. Santoso, D. Agustina
and N. Asiah et al., 2014. Enhancing the food
product drying with air dehumidified by Zeolite. Adv.
J. Food Sci. Technol., 6: 833-838.

06. Sharma, G.P., R.C. Verma and P. Pathare, 2005.
Mathematical modeling of infrared radiation thin
layer drying of onion slices. J. Food Eng., 71:
282-286.

07. Djaeni, M., N. Asiah, S. Suherman, A. Sutanto and
A. Nurhasanah, 2015. Energy efficient dryer with rice
husk fuel for agriculture drying. Intl. J. Renewable
Energy Dev., 4: 20-24.

08. Djaeni, M., L.L. Kurniasari and S.B. Sasongko,
2015b. Preparation of natural zeolite for air
dehumidification  in  food  drying.  Int.  J.  Sci. Eng.,
8: 80-83.

09. Kim, A.N., H.J. Kim, J. Chun, H.J. Heo, W.L. Kerr
and S.G. Choi, 2018. Degradation kinetics of
phenolic content and antioxidant activity of hardy
kiwifruit (Actinidia arguta) puree at different storage
temperatures. LWT., 89: 535-541.

10. Mota, C.L., C. Luciano, A. Dias, M.J. Barroca and
R.P.F. Guine, 2010. Convective drying of onion:
Kinetics and nutritional evaluation. Food Bioprod.
Process., 88: 115-123.

11. Haque, N. and M. Somerville, 2013.
Techno-economic and environmental evaluation of
biomass dryer. Procedia Eng., 56: 650-655.

12. Djaeni, M., C.J. Van Asselt, P.V. Bartels, J.P.M.
Sanders and G. van Straten et al., 2011. Low
temperature drying with air dehumidified by Zeolite
for food products: Energy efficiency aspect analysis.
Intl. J. Food Eng., 7: 1-25.

13. Zhang, B.G., Y.D. Zhou, W. Ning and D.B. Xie,
2007. Experimental study on energy consumption of
combined conventional and dehumidification drying.
Drying Technol., 25: 471-474.

14. Djaeni, M. and A.J.B. van Boxtel, 2009. PhD thesis
summary:   Energy  efficient  multistage  zeolite
drying  for heat-sensitive products. Drying  Technol.,
27: 721-722.

15. Osorio-Revilla, G., T. Gallardo-Velazquez, S.
Lopez-Cortes and S. Arellano-Cardenas, 2006.
Immersion drying of wheat using Al-PILC, Zeolite,
clay and sand as particulate media. Drying Technol.,
24: 1033-1038.

16. Djaeni,  M.,  A.C.  Kumoro,  S.B.  Sasongko  and
F.D. Utari, 2018. Drying rate and product quality
evaluation of roselle (Hibiscus sabdariffa L.) calyces
extract dried with foaming agent under different
temperatures. Intl. J. Food Sci., 2018: 1-8.

17. Utari, F.D., M. Djaeni and F. Irfandy, 2018. Constant
rate of paddy rice drying using air dehumidification
with  zeolite.  IOP  Conf.  Ser.  Earth  Environ.  Sci.,
102: 1-9.

18. Ornelas-Paz, J.D.J., L.A. Cira-Chavez, A.A.
Gardea-Bejar, J.C. Guevara-Arauza, D.R. Sepulveda,
J. Reyes-Hernandez and S. Ruiz-Cruz, 2013. Effect
of heat treatment on the content of some bioactive
compounds and free radical-scavenging activity in
pungent  and  non-pungent  peppers. Food Res. Int.,
50: 519-525.

19. Viswanathan, R., D.S. Jayas and R.B. Hulasare,
2003. Sorption isotherms of tomato slices and onion
shreds. Biosyst. Eng., 86: 465-472.

2503



J. Eng. Applied Sci., 15 (12): 2498-2504, 2020

20. Tulyathan, V., R.B. Boulton and V.L. Singleton,
1989. Oxygen uptake by gallic acid as a model for
similar  reactions  in  wines.  J.  Agric. Food Chem.,
37: 844-849.

21. Volf, I., I. Ignat, M. Neamtu and V.I. Popa, 2014.
Thermal stability, antioxidant activity and
photo-oxidation of natural polyphenols. Chem. Pap.,
68: 121-129.

22. Mrad, N.D., N. Boudhrioua, N. Kechaou, F. Courtois
and C. Bonazzi, 2012. Influence of air drying
temperature on kinetics, physicochemical properties,
total phenolic content and ascorbic acid of pears.
Food Bioprod. Proces., 90: 433-441.

23. Alberti, A., D. Granato, A. Nogueira, L.I. Mafra,
T.A.D. Colman and E. Schnitzler, 2016. Modelling
the thermal  decomposi t ion of  3,  4,
5-trihydroxybenzoic acid using ordinary least square
regression. Int. Food Res. J., 23: 30-33.

24. Lago, C.C. and C.P.Z Norena, 2017. Thermodynamic
and kinetics study of phenolics degradation and color
of yacon (Smallanthus sonchifolius) microparticles
under accelerated storage conditions. J. Food Sci.
Technol., 54: 4197-4204.

25. Abhay, S.M., C.L. Hii, C.L. Law, S. Suzannah and
M. Djaeni, 2016. Effect of hot-air drying temperature
on the polyphenol content and the sensory properties
of cocoa beans. Int. Food Res. J., 23: 1479-1484.

2504


