v s \WWW.] jecs.in
International Journal Of Engineering And Computer Science
Volume 12 Issue 09 September 2023, Page No. 25855-25861

ISSN: 2319-7242 DOI: 10.18535/ijecs/v12i09.4752

Valorization of Gmelina arborea Waste Leaves for the Synthesis of
Bio-Disinfectants

Abubakar M. Ali* and Haruna Ibrahim?

Department of Chemical Engineering,
College of Engineering, Kaduna Polytechnic, Kaduna

Abstract

This work is carried out to produce eco-friendly disinfectants from renewable sources to obey the clarion
call for climate revival. Two bio-disinfectants, 2-3-dihydroxyl propanal (glyceraldehyde) and ortho-cresol
(o-cresol) were synthesized from dry leaves of Gmelina arborea using barium chloride catalyst and distilled
water at 60 °C. The products obtained were analyzed using GC-MS. The yield of 2-3-dihydroxyl propanal
obtained at reaction temperatures of 10, 20, 30, 40, 50 and 60 °C were 2.94, 5.51, 5.47, 5.55, 11.61, and
1.14%, respectively. Similarly, the yields of ortho-cresol, at the corresponding reaction time, were 4.76,
8.14, 8.40, 7.63, 10.05, and 18.31%, respectively. The production of these two bio-disinfectants from
biodegradable waste material has helped in the utilization and recycling of waste leaves into useful materials
and also protects the environment and the entire ecosystem.
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Introduction

Disinfectants are substances when applied on non-living objects destroy microorganisms that are living on
the objects [1]. They can penetrate deeply into all materials to Kill all bacteria and other microbes [2]. They
are antiseptic agents used during surgery to destroy bacteria, viruses, fungi, mould and other germs living on
objects [3]. The most commonly used disinfectants are ethanol, chlorine and chlorine compounds,
formaldehyde, glutaraldehyde, ortho-phthalaldehyde, hydrogen peroxide, iodophors, peracetic acid,
phenolics, and quaternary ammonium compounds [4]. Ethanol is becoming very expensive due to its
numerous applications, including its use as transport fuel [5]. The demand for ethanol has affected the prices
of corn, indicating that ethanol production has an impact on food security [6]. Chlorine and chlorine
compounds pose many health hazards [7], especially in wastewater effluents [8]. Also, chlorine disinfectant
reacts with other matters to form by-products such as chloroform which causes miscarriage and cancer of the
bladder [8]. This has led to the discontinuation of the application of chlorine disinfectant to drinking water.

The use of formaldehyde disinfectant causes irritation of the nose, mouth, and throat leading to throat and
mouth burning [9]. Formaldehyde disinfectant causes respiratory distress, and swelling of the larynx and
lungs may occur leading to bronchi and ulcers [10]. Glutaraldehyde disinfectant is corrosive to the skin,
eyes, and respiratory tract [11], it also causes throat and lung irritation and rhinorrhea [12]. Hydrogen
peroxide disinfectant causes severe irritation and inflammation of mucous membranes [13]: [14]. It also
causes coughing and dyspnea [13]: [14]. It was reported by De Matteis et al. [15] and Johnson et al. [16] that
exposure to Ortho-phthalaldehyde can cause induction of systemic anaphylaxis as well as pose a risk of
respiratory sensitization. Peracetic acid contact can severely cause irritation and burn of skin and eyes
leading to eye damage [17].

Biochemical disinfectants are known for being eco-friendly and nontoxic [18]: [19]. The compound, 2,3-
dihydroxyl propanal also known as glyceraldehyde, and the ortho-cresol also known as o-cresol are used as
a disinfectant and wood preservative [20]. They are less toxic disinfectants than chemical disinfectants [21].
Hauman and Love [22] described ortho-cresol as the least toxic antiseptic agent. Aside from its use as a
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disinfectant, ortho-cresol is found useful in the preparation of polyester and adhesive [23] and as a modifier
for gelatin nanoparticles [24]. It is also used in the manufacturing of rubber and plastics [25]. It is used in the
tanning of leather [26, 27]. Similarly, Singh and Patel [28] reported that the combination of 2,3-dihydroxyl
propanal and dihydroxyl acetone are good ingredients for cosmetics. It is regarded as a metabolite as it has
powerful antimicrobial activity [29]. Parodi et al. [29] also reported that 2,3-dihydroxyl propanal is a useful
material for the preparation of adhesives and polyesters, and also as a cellulose modifier, and in the tanning
of leather. Ortho-cresol is an essential oil, known for its long last fragrance, used in food and cosmetics [30].
Ortho-cresol is used to prevent hypersensitivity in skin [31]. Juszkiewicz et al. [32] reported the use of
creosol as a bactericide, pesticide, and disinfectant. Its use on the skin can prevent up to 90% of cases of
skin cancer [33].

Considering the aforementioned drawbacks of the use of conventional disinfectant, the need for an
alternative disinfectant that is less toxic and eco-friendly is highly desirable. In this study, the synthesis of
2,3-dihydroxyl propanal and ortho-cresol from dry leaves of the Gmelina arborea plant was investigated
through hydrothermal conversion of the leaves. Figure 1 shows the conversion of the dry Gmelina arborea
leaf to 2,3-dihydroxyl propanal and ortho-cresol.

OH . ;‘ A o
Vo /
CHj W I OH
h = : ﬁ
A OH
Ortho-cresol 2, 3—dihydroxyl propanal

Figure 1: Schematic showing ortho-cresol and 2,3-dihydroxyl propanal from Gmelina arborea leaf

Materials and Methods

The materials used in this study include dry leaves of the Gmelina arborea plant, ceramic mortar and pestle,
GallenKamp hot plate magnetic stirrer, thermometer, 1000 mL Pyrex conical flask, 1000 mL Pyrex beaker,
separating funnel, glass funnel, and distilled water. The analytical reagents were sodium sulphate and
barium sulphate.

The dry leaves of Gmelina arborea were collected from the premises of Kaduna Polytechnic's main campus,
Tudun-wada, Kaduna. The leaves were cleaned by removing stones and handpicking the dirt and then
pulverized with ceramic mortar and pestle as done by Ibrahim and Ali [34]. A solution of 0.5 g of a barium
chloride catalyst in 500 mL distilled water was prepared in a 1000 mL conical flask. A mass of 50 g of the
pulverized leaves was poured into the catalyst solution placed on a hot plate magnetic stirrer and heated to
60 °C and then kept the temperature constant for 10 minutes with constant stirring at a rate of 250 rpm as
done in [35]. The product was first filtered into a 1000 mL beaker using filter cloth and thereafter, with
Whatmann filter paper. The filtrate was dehydrated with 0.2% sodium sulphate in a separating funnel. The
upper organic layer was separated from the lower aqueous layer, weighed and analyzed using a GC-MS
analyzer to determine the components and compositions in the product. The experiment was repeated for a
constant temperature heating time of 20, 30, 40, 50, and 60 minutes, respectively.

Result and Discussion

The weights of the dehydrated bio-products obtained from the hydrothermal conversion of Gmelina arborea
leaves at varying reaction times of 10, 20, 30, 40, 50, and 60 minutes were 295.50, 205.50, 208.20, 209.70,
and 133.70 g, respectively. The yields of two bio-disinfectants, 2,3-dihydroxyl propanal and ortho-cresol,
were obtained from the GC-MS results of the bio-products. The weight, in grams, of the bio-disinfectants
and their mass ratio in milligrams per gram, with respect to the feedstock, were computed using equations 1
and 2 respectively and presented in Table 1.
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Table 1: The yields of 2,3-hydroxyl propanal and ortho creosol from Gmelina arborea leaves

Reaction time | Product | Product Yield (%) | Weight (g) | Mass ratio
(minutes) weight (mg/g)
10 295.50 | 2,3-Dihydroxyl propanal | 2.94 8.69 173.8
Ortho creosol 4.76 12.53 250.72
20 205.50 | 2,3-Dihydroxyl propanal | 5.51 11.34 226.59
Ortho creosol 8.14 16.72 334.58
30 208.20 | 2,3-Dihydroxyl propanal | 5.47 15.26 305.58
Ortho creosol 8.40 23.44 468.89
40 208.20 | 2,3-Dihydroxyl propanal | 5.55 11.56 231.37
Ortho creosol 7.63 15.90 318.09
50 209.70 | 2,3-Dihydroxyl propanal | 11.61 24.35 487.02
Creosol 10.05 21.08 421.71
60 133.70 | 2,3-Dihydroxyl propanal | 1.14 1.52 30.49
Ortho creosol 18.31 24.48 489.75
Yield(%)xP
c = 100 1)
Wex1000
y =2t )

where w, (in gram) is the weight of a bio-disinfectant, P (in gram) is the weight of dehydrated bio-product,
yield (%) is the yield of the bio-disinfectant as revealed by GC-MS result, Y (mg/g) is the mass ratio of the
bio-disinfectant, in mg/g of feedstock, m is the mass of the feedstock (50g) and 1000 is the conversion factor
from gram to milligram.

The vyield of the two bio-disinfectants, ortho-cresol and 2,3-dihydroxyl propanal, as observed in Figure 2
showed a gradual increase when the reaction time was increased from 0 to 50 minutes. A sharp increase in
the yield of ortho-cresol was observed when the reaction time was further increased to 60 minutes. However,
in the case of 2,3-hydroxyl propanal, the yield was observed to decrease sharply when the reaction time
exceeded 50 minutes. The reverse trend observed in the case of 2,3-hydroxyl propanal may be due to
conversion reactions of the 2,3-dihydroxyl propanal to other products.
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Figure 2: Effect of reaction time on the yield (%) of bio-disinfectants
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Figure 3 displays the effect of reaction time on the mass ratio of the bio-disinfectant. The two bio-
disinfectants exhibited an increasing trend in mass ratio when the reaction time was increased from 0 to 30
minutes. Between 30 to 40 minutes of reaction time, a decreasing trend was observed in both products.
However, beyond 40 minutes of reaction time, different behaviours were displayed by the two products.
Whereas ortho-cresol displayed an increasing trend in mass ratio when the reaction time was increased from
40 to 60 minutes, the mass ratio of 2,3-dihydroxyl propanal increased from 40 to 50 minutes reaction time
and sharply fell thereafter when the reaction time was increased from 50 to 60 minutes. The sharp drop in
the mass ratio of 2,3-dihydroxyl propanal could be attributed to a series of reactions that might have
converted it to other products.
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Figure 3: Effect of reaction time on the mass ratio of bio-disinfectants

The production of 2,3-dihydroxyl propanal has been majorly by the oxidation of glycerol [36]. Glycerol on
the other hand is a very valuable and expensive product with a volatile market price that depends on supply
[37]. Hence, its production from waste Gmelina arborea leaves would be a viable project. Ortho-cresol is
produced by the catalytic thermal cracking of naphtha [38]. It is also usually extracted from the fractional
distillation of coal tar [39]: [40]. Comparing the fractional distillation from coal tar with the hydrothermal
conversion of Gmelina arborea at 60 °C, the latter is less energy-consuming. The use of Gmelina arborea
leaves adds value to the waste leaves. It is, therefore, cheaper to produce 2,3-dihydroxyl propanal and ortho-
cresol from waste Gmelina arborea leaves than their conventional methods.

Conclusion

Two bio-disinfectants, 2,3-dihydroxyl propanal and ortho-cresol were successfully synthesized from waste
leaves of Gmelina arborea via hydrothermal conversion using barium chloride catalyst. The process yielded
11.61% amounting to 487.02 mg/g 2,3-dihydroxyl propanal in 50 minutes reaction time and 18.31%
amounting to 489.75 mg/g ortho-cresol in 60 minutes reaction time, respectively. Even though the yields are
lower than the literature values, the process is more economical and less harmful considering the raw
material used. The production of 2,3-dihydroxyl propanal and ortho-cresol from waste material, Gmelina
arborea leaves, via hydrothermal conversion using a barium chloride catalyst is viable.

Recommendation
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This study considered the effect of reaction time on the yield of bio-disinfectants. The time range
was limited to 10,20, 30 40 50 and 60 minutes. There is a need for further investigation beyond the
60 minutes.

The study did not look at the effect of temperature variation on the yield of these bio-disinfectants.
There is a need for further investigation in this regard.

Other catalyst of interest, like zinc chloride, calcium oxide, zirconium oxide, etc., should be
explored.
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