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Abstract

Moringa Oleifera leaves are known to contain many nutrients such as fat, protein, carbohydrates, minerals, amino acids
and vitamins. The high nutritional content of Moringa Oleifera leaves must be maintained so that they are not easily damaged. One
way to maintain the nutrition of Moringa Oleifera leaves is by drying. This research uses a combination of intermittent drying and
dehumidification using zeolite on Moringa Oleifera leaves to overcome the problem of weather dependence in solar research and
high drying energy in convective drying. The research was carried out at drying operating temperatures of 40°C, 60°C, and 80°C.
Drying was carried out for 120 minutes. Drying is carried out continuously and intermittently using zeolite dehumidification. Next,
moisture content, energy efficiency and chlorophyll content are calculated. The results show that the intermittent drying method
combined with zeolite can be used as an alternative drying method. This is because this method is proven to have low water content,

high energy efficiency, and does not damage the contents, for example chlorophyill.
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1. Introduction

Moringa Oleifera, sometimes known as the
"drumstick tree" or "horseradish tree," is a multipurpose and
highly nutritious plant that has received worldwide attention
for its ability to fight malnutrition, assist sustainable
agriculture, and provide a variety of health benefits [1-3]. Its
leaves are high in critical nutrients like as vitamins, minerals,
and antioxidants [4, 5]. Moringa Oleifera leaves have
acquired reputation as a superfood and a helpful dietary
supplement in recent years [4]. Moringa Oleifera leaves
drying is an important step in keeping their nutritional value
and prolonging their shelf life. Proper drying processes not
only preserve essential compounds but also limit the risk of
deterioration and microbiological contamination [6].
Moringa Oleifera leaves have been dried using a variety of
ways, including sun drying, fluidized bed drying [7], and
greenhouse drying [8] . However, traditional drying processes
have drawbacks such as energy consumption, time
requirements, and the potential destruction of beneficial
components such as chlorophyll. The effects of intermittent
drying as an environmentally friendly option for retaining the
drying properties and chlorophyll content of Moringa
Oleifera leaves are investigated in this study. Intermittent
drying, which involves alternating between drying and
resting phases, has the potential to improve the overall quality
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of dried Moringa Oleifera leaves [9]. It expects to gain insight
into drying process improvement and the retention of
chlorophyll, a critical bioactive component with diverse
health-promoting qualities, by exploring the impact of this
unique drying approach. This study examined the effects of
intermittent drying on Moringa Oleifera leaves, including
moisture content, energy efficiency and chlorophyll content.
As the comparison, the drying process was also conducted in
conventional continous drying method. It expects the findings
of this study will help to create new drying procedures that
will help preserve the nutritional integrity of Moringa
Oleifera leaves, allowing them to be used more widely in
food, medicinal, and nutraceutical applications.

2. Materials and methods
2.1 Materials

Moringa Oleifera leaves for the drying process were
harvested in August 2023 from Banyumanik District in
Semarang, Central Java, Indonesia. The Moringa Oleifera
leaves are sorted to get a uniform size and color. Then, the
initial moisture content of the Moringa Oleifera leaves
samples was determined using gravimetry.

2.2 Drying Process
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The drying process of Moringa Oleifera leaves was
carried out in a food dehydrator. The drying scheme and
equipment were depicted in Figure 1. The ambient air with a
relative humidity of 80% was used for drying process which
was then dehumidified using a zeolite adsorbent. Then the
drying air was heated to a certain air temperature. The drying
process was conduted using continous and intermittent drying
method. The Moringa Oleifera leaves to be dried were
weighed as much as 250 grams. Then the Moringa Oleifera
leaves was arranged on an aluminum tray and put into a food
dehydrator at a predetermined temperature (40°C, 60°C, and
80°C). While fo the intermittent drying, the drying process
was carried out for 20 minutes. After drying for 20 minutes,
the sample is removed from the dryer and put into a desiccator
at room temperature for 10 minutes. This step was repeated
throughout the drying process. Both continuous and
intermittent method, the drying process is carried out for 120
minutes and every 10 minutes the sample is checked to
determine the moisture content.

2.3 Energy Efficiency
Energy efficiency in drying Moringa Oleifera leaves
can be determined using the following equation [10] .
n= ( Qevap ) 100% 1)

dryer

_ (Md(qw,o - qw,f)/l
FCp(T; —Ty)ty
Where n was Energy efficiency (%), Qevap Was Total energy
required to evaporate water content (kj/hour), Qgryer Was
Total energy required for the system from the dryer (kj/hour),
Md was Mass of product entering the dryer (kg), q,,0 Was
Initial moisture content (dry basis), q,,,5 was moisture content
at t time (dry basis), 4 was atent heat (kj/kg), F was Air flow
rate (Kg/hour), and T; and T, were Inlet and outlet
temperatures to the dryer (°C).

)100% 2)

2.4 Chlorophyll content measurement

The measurement of total chlorophyll in this study
uses a spectrophotometric method with the principle of
absorbing the color spectrum in the blue area and the color
spectrum in the red area which is then transmitted and
reflected as green [11]. The absorbance value of these two
wavelengths will later be calculated as total chlorophyll,
where the color intensity of the solution is directly
proportional to the concentration of the solution. The
chlorophyll content, Cc (in mg/L), can be calculated as
follows:

Cc = (20 x Abs664) - (6.1 x Abs647) (3)

3. Results and Discussions
3.1. Moisture Content Observation

This research aimed to observe the effect of
intermittent drying and continuous drying techniques on
moisture content. The moisture content of drying Moringa
Oleifera leaves was shown in Figure 2 with drying carried out
every 120 minutes with weighing intervals every 10 minutes.
Drying was carried out at temperatures of 40°C, 60°C, and
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80°C. The experimental results showed a decreasing trend in
moisture content during the drying time. The final moisture
content was ranging from 4.34-12.49%. This phenomenon
occurs for all temperature variables, whether intermittent or
continuous. This is because the longer the drying time, the
more water content is evaporated on the surface of the
Moringa Oleifera leaves into the environment [12]. In the
higher drying temperature resulted the lower moisture
content. For example, the final moisture content in drying at
80°C was 1.34-1.76 times lower than at temperature 40°C. In
higher drying temperature. Increasing the drying temperature
resulted the decreasing of air relative humidity. Since there
will be less humidity in the air, there will be more of a driving
force for drying, as seen by a decrease in water content and a
quicker drying time [13]. Additionally, the tendency for the
decrease in moisture content to occur more effectively in
intermittent drying compared to continuous drying. This is
because during the tempering process, free water in the
middle of the Moringa Oleifera leaves diffuses to the surface
which will diffuse into the environment when the drying
process continues [14]. Therefore, the process of releasing or
evaporating free water in Moringa Oleifera leaves using the
intermittent method is faster than the continuous method.

3.2 Energy Efficiency Analysis

The energy efficiency during the drying process at
various drying condition was presented in the Figure 3. The
results showed that the energy efficiency in intermittent
drying was higher than the continuous drying at the same
temperature. The drying efficiency of the continuous method
was ranging from 16,85% - 76,83%. Meanwhile, the drying
efficiency using the intermittent method reached 18,75% -
96,69%. The heat and mass transport of the product's centre
to its surface during the tempering phase can helps the
product's temperature and moisture content become more
uniform. The water and heat gradients produced during the
drying phase often diminish during the tempering phase [9].
As the result, the drying process proceeds more quickly,
which lowers energy usage and enhance the drying
efficiency. Moreover, in higher drying temperature, the air
relative humidity was low. The driving force for drying is
increased, the energy required is reduced, and it is also
possible to reduce the drying temperature [15-17]. As a result,
the energy efficiency was enhanced. The energy efficiency
obtained ffrom this stury was higher than another Moringa
Oleifera leaves drying such as greenhouse dryer [8] and tray
dryer [15].

3.3 Chlorophyll content

Chlorophyll is a green pigment found in chloroplasts
as well as xanthophyll and carotene pigments [16]. In green
plants, most chlorophyll is found in two forms, chlorophyll a
is less polar and bluish green in color and chlorophyll b and ¢
are polar and greenish yellow in color. Chlorophyll has
antioxidative properties, because chlorophyll can capture
DPPH radicals due to the porphyrin structure of chlorophyll
[17]. Chlorophyll in leaves is bound to protein. In the heating
process, proteins are denatured, and chlorophyll is released
[18].

117



International Journal of Chemical and Biochemical Sciences (IJCBS), 25(17) (2024): 116-121

Air out

| ™. Heat

distribution

Alumunium tray

Moringa Oleifera leaves

] Thermocontroller

Air in

Figure 1: Schematic diagram of Moringa Oleifera leaves drying
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Figure 2: Effect of intermittent and continous drying on moisture content
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Figure 4: Effect of intermittent and continous drying on chlorophyll content
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From the Figure 4, the concentrations of

chlorophyll during intermittent and continuous drying for
various drying temperature can be seen. The fresh Moringa
Oleifera leaves contain 18.41-19.25 mg/L of chlorophyll
[11]. After the drying process, the concentration of chlorphyll
decreased. The decreased in chlorophyll during the drying
process indicates that chlorophyll is damaged by heat because
heat can denature proteins that form complex bonds with
proteins so that the organic acids in chlorophyll are released
[18]. If drying at high temperatures is carried out
continuously, the amount of chlorophyll released will
increase. This happens because the outer layer of the leaf
loses water content more quickly than the inner part. Apart
from that, high temperature drying can also cause possible
differences in the state of the leaves on the inside. To
overcome this, the tempering phase is used.
The tempering phase is a situation where heat energy and air
flow are stopped in such a way that the rate of water leaving
the product is lower than water diffusing from the inside to
the outside [14, 22]. This way the water content becomes
more even. In this tempering process, heat loss should be
avoided so that there is no temperature difference between the
inside and outside. The combination of drying and tempering
is called intermittent drying. In this way, the use of
intermittent drying methods can prevent protein denaturation
and minimize chlorophyll reduction.

4. Conclusions

The effect of temperature and intermittent drying on
moisture content, energy efficiency and chlorophyll content
have been evaluated. The result showed that moisture content
of intermittent drying is better than continuous drying at
various temperatures, this is because during the intermittent
tempering process, free water in the middle of the Moringa
Oleifera leaves diffuses to the surface which will then diffuse
into the environment when the drying process continues. The
drying efficiency using the intermittent method reached
18,75% - 96,69%, reducing the drying energy required. Using
the intermittent drying method with has been proven to be
able to prevent protein denaturation thereby maintaining the
chlorophyll content in Moringa Oleifera leaves.

Funding

This work was funded by Research and Community
Service Center, Diponegoro University, under an
International Research Publication 2023.

References

[1] M. Mbikay. (2012). Therapeutic potential of
Moringa oleifera leaves in chronic hyperglycemia
and dyslipidemia: A review. Frontiers in
Pharmacology. 3 MAR(March),1-12.
https://doi.org/10.3389/fphar.2012.00024.

[2] S. Vats, T. Gupta. (2017). Evaluation of bioactive
compounds and antioxidant  potential  of
hydroethanolic extract of Moringa oleifera Lam.
from Rajasthan, India. Physiology and Molecular
Biology of Plants. 23(1), 239-248.
https://doi.org/10.1007/s12298-016-0407-6.

[3] V. Singh, A. Arulanantham, V. Parisipogula, S.
Arulanantham, A. Biswas. (2018). Moringa olifera;
Nutrient Dense Food Source and World’s Most
Useful Plant to Ensure Nutritional Security, Good

Utari et al., 2024

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

Health and Eradication of Malnutrition. European
Journal of Nutrition & Food Safety. 8, 204-214.
https://doi.org/10.9734/EIJNFS/2018/42468.

R. Mallenakuppe, H. Homabalegowda, M.D. Gouri,
P.S. Basavaraju, U.B. Chandrashekharaiah. (2019).
History, Taxonomy and Propagation of Moringa
oleifera-A Review. SSR Institute of International
Journal of Life Sciences. 5(3), 2322-2327.
https://doi.org/10.21276/ssr-iijls.2019.5.3.7.

K. Mona, P. Shivangini, P. Nisha, Comprehensive
Review: Miracle Tree Moringa oleifera Lam.,
Current Nutrition & Food Science.18 (2), 166-180.
http://doi.org/10.2174/15734013186662112211157
35.

N.R. Pochont, M.N. Mohammad, B.T. Pradeep, P.V.
Kumar. (2020). A comparative study of drying
kinetics and quality of Indian red chilli in solar
hybrid greenhouse drying and open sun drying.
Materials Today: Proceedings. 21(xxxx), 286—290.
https://doi.org/10.1016/j.matpr.2019.05.433.

A. Hasizah, M. Djalal, A.A. Mochtar, S. Salengke.
(2022). Fluidized bed drying characteristics of
moringa leaves and the effects of drying on
macronutrients. Food Science and Technology
(Brazil). 42, 1-11.
https://doi.org/10.1590/fst.103721.

Sukmawaty, Murad, Ansar, H. Kurniawan, Z. Fitri.
(2021). Analysis of heat energy in the drying process
of Moringa Oleifera leaves using a greenhouse
effect dryer (ERK). In IOP Conference Series: Earth
and Environmental Science (Vol. 913, Issue 1). IOP
Publishing  Ltd.  https://doi.org/10.1088/1755-
1315/913/1/012036.

J.C. Alves Pereira, W.P. da Silva, J.P. Gomes,
AJ.d.M. Queiroz, R.M.F. de Figueirédo, B.A. de
Melo, A.M. Santiago, A.G.B. de Lima, A.D.B. de
Macedo. (2020). Continuous and intermittent drying
of rough rice: Effects on process effective time and
effective mass diffusivity. Agriculture. 10(7): 282.
https://doi.org/10.3390/agriculture10070282.

M. Djaeni, S. Sasongko, A. Van Boxtel. (2013).
Enhancement of energy efficiency and food product
quality using adsorption dryer with zeolite.
International Journal of Renewable Energy
Development. 2(2): 81-86.

T. Lindriati, M. Belgis. (2022). The application of
lamp dryer on production of moringa (moringa
oleifera) leaf flour. Jurnal Pangan dan Agroindustri.
10(2).

M. Djaeni, A.C. Kumoro, S.B. Sasongko, F.D.
Utari. (2018). Drying rate and product quality
evaluation of roselle (Hibiscus sabdariffa L.) calyces
extract dried with foaming agent under different
temperatures. International Journal of Food Science.
2018. https://doi.org/10.1155/2018/9243549.

F.D. Utari, M. Djaeni, A. Purbasari, Z.D. Sighny.
(2022). Drying characteristics and kinetics of rice
flour biodegradable film under different drying
temperatures. Materials Today: Proceedings. 63,
S178-S182.
https://doi.org/10.1016/j.matpr.2022.02.207.

J. Dehghannya, S.-H. Hosseinlar, M.K. Heshmati.
(2018). Multi-stage continuous and intermittent

120



https://doi.org/10.3389/fphar.2012.00024
https://doi.org/10.1007/s12298-016-0407-6
https://doi.org/10.9734/EJNFS/2018/42468
https://doi.org/10.21276/ssr-iijls.2019.5.3.7
http://doi.org/10.2174/1573401318666211221115735
http://doi.org/10.2174/1573401318666211221115735
https://doi.org/10.1016/j.matpr.2019.05.433
https://doi.org/10.1590/fst.103721
https://doi.org/10.1088/1755-1315/913/1/012036
https://doi.org/10.1088/1755-1315/913/1/012036
https://doi.org/10.3390/agriculture10070282
https://doi.org/10.1155/2018/9243549
https://doi.org/10.1016/j.matpr.2022.02.207

International Journal of Chemical and Biochemical Sciences (1JCBS), 25(17) (2024): 116-121

microwave drying of quince fruit coupled with
osmotic dehydration and low temperature hot air
drying. Innovative Food Science & Emerging
Technologies. 45: 132-151.

https://doi.org/https://doi.org/10.1016/j.ifset.2017.10.007.

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

A.C. Kumoro, D.R. Lukiwati, D. Praseptiangga, M.
Djaeni, R. Ratnawati, J.P. Hidayat, F.D. Utari.
(2019). Effect of drying and milling modes on the
quality of white rice of an Indonesian long grain rice
cultivar. Acta Scientiarum Polonorum, Technologia
Alimentaria. 18(2),195-203.
https://doi.org/10.17306/J.AFS.2019.0657.

M. Djaeni, F.D. Utari, S.B. Sasongko, A.C.
Kumoro. (2018). Evaluation of food drying with air
dehumidification system: A short review. IOP
Conference Series: Earth and Environmental
Science. 102(1).https://doi.org/10.1088/1755-
1315/102/1/012069.

S.B. Sasongko, H. Hadiyanto, M. Djaeni, A.M.
Perdanianti, F.D. Utari. (2020). Effects of drying
temperature and relative humidity on the quality of
dried onion slice. Heliyon. 6(7), e04338.
https://doi.org/10.1016/j.heliyon.2020.e04338.

M. Aznury, A. Zikri, M.F. Saputra, N. Rachmadona.
(2021). Analyzing Effect of Temperature on Drying
Moringa (Moringa Oleifera) Leaves Using
Photovoltaic Tray Dryer (Vol. 48, Issue 10).
A.R.A. Abdulaziz Rabiu Abdulkadir, M. Jahan,
D.D.Z. Dhiya Dalila Zawawi. (2015). Effect of
chlorophyll content and maturity on total phenolic,
total flavonoid contents and antioxidant activity of
Moringa oleifera leaf (miracle tree).

S.S. Kumar, P. Manoj, N.P. Shetty, P. Giridhar.
(2014). Effect of different drying methods on
chlorophyll, ascorbic acid and antioxidant
compounds retention of leaves of Hibiscus
sabdariffa L. Journal of the Science of Food and
Agriculture. August.
https://doi.org/10.1002/jsfa.6879.

L. Lipové, P. Krchiiak, J. Komenda, P. Ilik. (2010).
Heat-induced disassembly and degradation of
chlorophyll-containing protein complexes in vivo.
Biochimica et Biophysica Acta (BBA) -
Bioenergetics. 1797(1),63-70.
https://doi.org/https://doi.org/10.1016/j.bbabio.200
9.08.001.

X. Zhou, L. Liu, P. Fu, F. Lyu, J. Zhang, S. Gu, Y.
Ding. (2018). Effects of infrared radiation drying
and heat pump drying combined with tempering on
the quality of long-grain paddy rice. International
Journal of Food Science & Technology. 53(11):
2448-2456.

https://doi.org/10.1111/ijfs.13834.

Utari et al., 2024

121


https://doi.org/https:/doi.org/10.1016/j.ifset.2017.10.007
https://doi.org/10.17306/J.AFS.2019.0657
https://doi.org/10.1088/1755-1315/102/1/012069
https://doi.org/10.1088/1755-1315/102/1/012069
https://doi.org/10.1016/j.heliyon.2020.e04338
https://doi.org/10.1002/jsfa.6879
https://doi.org/https:/doi.org/10.1016/j.bbabio.2009.08.001
https://doi.org/https:/doi.org/10.1016/j.bbabio.2009.08.001
https://doi.org/10.1111/ijfs.13834

