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Abstract
This study aimed to assess the optimal conditions for the extraction of chlorophyll and the stability of chlorophyll with 
postharvest storage period in Moringa Oleifera leaves harvested in 3 different years for its preservation and lifespan. For this 
purpose, chlorophylls a (Chla) and b (Chlb) were extracted from the leaves using acetone, methanol, N, N-dimethylformamide 
(DMF), and the ‘green’ solvent (ethanol). In addition, the chlorophylls were extracted under various conditions, includ-
ing temperatures (4, 25, and 45 °C), and times (10, 30, and 60 min) from dry leaves that were harvested in different years 
(2020, 2021, and 2022). The results showed that the Chla content extracted exceeded that of Chlb in the four solvents in all 
temperatures and extraction times, except for acetone and ethanol extracts under 45 °C at 30 and 60-min extraction times in 
samples harvested in 2022. An increase in extraction time and temperature resulted in higher chlorophyll content. Overall 
chlorophyll content decreased with the increasing postharvest storage period, particularly in methanol and ethanol extracts. 
The Chlorophyll Stability Index showed that chlorophyll is stable in moringa, such that the chlorophyll content obtained in 
a 2-year postharvest storage period samples was also found to be high. In general, the chlorophyll obtained from this study 
was found to be compatible with what is used in the industrial market. This suggests that the chlorophyll from moringa is 
stable and can be considered a major source of chlorophyll.
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Introduction

 One of the world’s current concerns is health and well-
being, which is the third sustainable development goal 
(SDG 3) of the seventeen global goals set by the United 
Nation and is expected to be attained by 2030. It aims to 
reduce preventable diseases and premature deaths, ensure 
healthy lives and promote well-being [1]. There has been 
growing concern about the types of foods being consumed, 
particularly the health effects and toxicity of synthetic 
foods. Consequently, more research within the food and 
health industries has been directed to examining more 
natural products, improving overall health, and meeting 
consumer demand [2]. One way to achieve this objective 
is to assess natural pigments such as chlorophylls, as they 
contain high levels of vitamins with antibacterial, anti-
oxidant, and anti-inflammatory properties. In addition, as 
chlorophyll is renewable, it could potentially play a major 
role in the sustainability of the food and health industries, 
as opposed to synthetic pigments, synthetic antioxidants, 
and synthetic dyes that are toxic to human health. The 
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above-mentioned attributes are good for health and the 
prevention of certain diseases [3]. For instance, the anti-
oxidant nature of chlorophyll can reduce the oxidation 
process that produces free radicals (unstable molecules) 
in the body. Thus, preventing free radicals that produce 
chain reactions that damage body cells and contribute to 
the development of chronic diseases. Moreso, the antioxi-
dants neutralize free radicals and reduce oxidative damage 
(oxidative stress) and its consequences, such as inflamma-
tion, arthritis, diabetes, cancer, cardiovascular diseases, 
neurological conditions, increased pressure on the immune 
system, and premature ageing [4].

The use of chlorophyll in the food and health industries 
would depend upon its stability outside the plant cell. When 
exposed to oxygen, light, heat, extended time outside the 
plant cell, and high temperatures, it undergoes degradation 
which consequently results in the limitation of its functional 
capacity [5]. Furthermore, chlorophyll degradation usually 
results in a loss of pigment colour in fresh fruits and veg-
etables, resulting in a decrease in the commercial value of 
the crop. According to Manolopoulou et al. [6], consumers 
associate fruit colour, texture, freshness, and ripeness with 
the level of food safety for consumption. Furthermore, in 
the health industry, when chlorophyll degrades and changes 
its chemical structure to its derivatives it loses biological 
activities [7]. In addition, the instability is in the magne-
sium centre ion of the chlorophyll molecule where the ion 
becomes sensitive to degradation, leading to shorter shelf 
life and preservation of chlorophyll outside the life of the 
plant. The quicker the chlorophyll degrades, the more it loses 
its functional abilities [7].

Numerous studies in the literature have examined the use 
of different techniques and procedures for preserving the 
shelf life and post-harvest stability of chlorophyll [6, 8, 9]. 
Some of the procedures include different drying methods 
(freeze-drying, air-drying, spray-drying, etc.), varying stor-
age temperature, the addition of enhancers  (Mg2+,  Mn2+, and 
 Zn2+) during the extraction process, and storage of chloro-
phyll in powder form [6, 8, 9]. Although some of these tech-
niques slow down degradation, plants and crops still undergo 
biochemical changes after being harvested and stored on 
supermarket shelves. Therefore, the shelf life of certain 
plants and crops should be determined to maintain their 
quality, nutritional content, and plant tissue integrity. One 
application of chlorophyll is to replace synthetic dyes due to 
their toxicity, cost and complexity of synthesis and filtration 
[10–12]. Studies have also demonstrated that synthetic dyes 
have neurological, behavioral, and allergic effects such as 
sleep disorders, irritability, aggressiveness, and hyperactiv-
ity [4, 5]. Whereas natural dyes based on plant chlorophyll 
are inexpensive, biocompatible, biodegradable, sustainable, 
and have a simple extraction process [10, 11], but the shelf 
life is still of concern.

In the food industry and green plants, two types of 
chlorophyll exist: chlorophyll a (Chla) and chlorophyll b 
(Chlb). Chla is the main photosynthetic pigment, and Chlb 
is an accessory pigment [4]. Chla is responsible for energy 
absorption and conversion, whereas Chlb absorbs sunlight 
and transfers it to Chla for energy conversion. Chlb is 
known as an accessory pigment, and the ratio of Chla to 
Chlb in green plants is noted to be 3:1 by Manolopoulou 
et al. [6], Kwartiningsih et al. [13] and Ahmadi et al. [4]. 
The two-chlorophyll a and b differ in the type of functional 
group attached to the second ring in the four pyrrole rings. 
This leads to the variation and differences in capabilities, 
as Chla is bonded with a methyl group  (CH3), while Chlb 
has a formyl group [4, 13]. However, both chlorophylls 
are crucial for photosynthesis, and the structural differ-
ence allows the chlorophylls to cover a wide range of vis-
ible light wavelengths, thus allowing them to absorb more 
sunlight [4]. Consequently, the greater the chlorophyll 
content, the higher the photosynthetic rate, indicating the 
direct relationship between the chlorophyll content and the 
photosynthetic rate [14].

Various extraction techniques such as sonification, 
water baths, maceration, microwave-assisted extraction, 
and ultrasound have been integrated into chlorophyll 
extraction from plants for a predetermined time. In this 
study, the evaluation of the optimal extraction process 
and conditions for Moringa Oleifera was studied. This 
includes comparing Moringa Oleifera leaves harvested 
during three different years (2020, 2021 and 2022) for 
its chlorophyll content, degradation, and stability with 
storage period. M. Oleifera, also commonly known as 
the “Miracle tree” and “Horseradish tree”, is of inter-
est in this study due to its greenness, fast-growth rate, 
large biomass, and drought-tolerant properties [15]. Past 
research indicated that a Moringa tree can reach a height 
of 4 m in 6 months to a year and 6–15 m at maturity [16, 
17]. In addition, the leaves of the tree can be harvested 
every 40 days and yield approximately 4.2–8.3 tons.  Ha-1 
of dry leaves [17]. The plant has been studied for various 
applications in various sectors, such as human nutrition, 
livestock feeding, human and veterinary medicine, bio-
stimulant, etc. [15–17]. However, based on the authors’ 
knowledge, limited research has been conducted on its 
chlorophyll content, degradation with postharvest stor-
age period, and optimal extraction process of chlorophyll. 
This study evaluated the effects of extraction time, extrac-
tion temperature, and the use of various organic solvents 
in the extraction of chlorophyll from M. Oleifera. The 
feasibility of a ‘green’ extraction process utilizing ethanol 
as a solvent is also evaluated. Furthermore, the stability 
of the extracted chlorophyll is assessed over time for its 
preservation and shelf life.
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Materials and methods

Materials

Samples of M. Oleifera leaves of different postharvest stor-
age period were utilized in this study. The postharvest stor-
age periods of M. oleifera were 0 years (freshly harvested), 
one year, and two years, all harvested from Hammanskraal, 
Gauteng Province, South Africa (25.4132° S, 28.2578° E). 
The mature leaves were collected in 2020, 2021, and 2022, 
respectively, and all were harvested in January during the 
summer season. The plant material was collected from 15 
individual trees and chosen randomly on the farm. The 
leaves were washed, air-dried for 120 h at 45 °C, cov-
ered with aluminium foil, put in a black polystyrene bag, 
and kept in dark conditions at room temperature until use. 
Before use, the dried leaves were powdered using a coffee 
grinder such that 80% by volume of the particle size was 
− 240 μm measured using a particle size analyzer (Mal-
vern Mastersizer 2000). The experiments conducted on 
samples from each individual tree were replicated three 
times, resulting in a sample size of 45 (N = 45). Methanol, 
Ethanol, Acetone, and N, N-dimethylformamide (DMF) in 
HPLC grades (> 99.9%) were used as extracting organic 
solvents, all procured from Sigma Aldrich in South Africa.

Extraction method

Following pulverization, 0.5 g of the plant material was 
added to 50 ml of organic solvent (ethanol, methanol, ace-
tone, DMF) and mixed together to form a uniform solution 
using a laboratory magnetic stirrer for 5 min. After mix-
ing, the chlorophyll pigment was extracted using a water 
bath at temperatures of 4 °C, 25 °C, and 45 °C. The extrac-
tion time was also varied for 10, 30, and 60 min. After 
extraction, the samples were centrifuged at 2000 rpm for 
5 min, and finally, the supernatant was collected.

Chlorophyll measurement

To obtain a pure chlorophyll, centrifuging is essential. 
Once centrifuged, the supernatant was sent for spectropho-
tometry at 663 nm and 645 nm for Chla and Chlb absorb-
ance measurements, respectively, using the Genesys 10 S 
UV-VIS spectrophotometer (Thermo Scientific). The cor-
responding solvent to the sample type was used as a blank. 
The chlorophyll measurement content was calculated using 
formulas provided by Wellburn and Lichtenthaler [18] for 
the chlorophylls extracted with acetone, ethanol, and meth-
anol, and by Inskeep and Bloom [19] for DMF extracts. 

Equations (1, 2, 3, 4, 5, 6, 7, 8, 9) represent the equations 
used for each solvent.

Acetone

Methanol

Ethanol

DMF

A : The absorption at 663 nm and 645 nm
C
a
 : Chlorophyll a concentration (mg/l) (μg/ml)

C
b
 : Chlorophyll b concentration (mg/l) (μg/ml)

T  : Total chlorophyll concentration (mg/l) (μg/ml); for all 
other solvents except DMF, it is the summation of chloro-
phyll a and b.

Chlorophyll Stability Index (CSI)

The CSI was conducted following the method according to 
Koleyoreas [20] with modifications. According to Mohan 
et al. [21] the Chlorophyll Stability Index (CSI) is an indica-
tion of the stress tolerance capacity of plants. Of which, a 
heightened CSI value indicates that the imposed stress had 
minimal impact on the chlorophyll content, signifying an 
abundance of available chlorophyll as the plant endured the 
stress [21]. Essentially, it illustrates the effectiveness of chlo-
rophyll under stressful conditions. Moreover, various forms 
of stressors, including high temperatures, saline soil, water 
scarcity, and drought, have been examined in the literature 
to assess chlorophyll stability through the CSI [21–23]. In 
this study, the CSI is a measure of the extent to which chlo-
rophyll pigments undergo degradation during postharvest 
storage periods. This will be determined by assessing the 
difference between the chlorophyll content of a fresh sample 

(1)C
a
= 11.75A663 − 2.50A645

(2)C
b
= 18.61A645 − 3.960A663

(3)C
a
= 15.65A663 − 7.340A645

(4)C
b
= 27.50A645 − 11.210A663

(5)C
a
= 84.60A663 − 83.89A645

(6)C
b
= 69.95A645 − 16.00A663

(7)C
a
= 12.70A663 − 2.79A645

(8)C
b
= 20.70A645 − 4.62A663

(9)Total chlorophyll = 17.90A645 + 8.08A663
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and that of the same sample subjected to different posthar-
vest storage periods. A higher CSI value denotes greater 
stability in chlorophyll. The CSI was determined using the 
harvesting period in three different years (2020, 2021, and 
2022). The freshly harvested plant (2022) was the control 
and compared with the one-year and two-year postharvest 
storage periods. Equation (10) represents the equation used 
for CSI.

Data analysis

Statistical analysis was conducted using IBM SPSS Statistics 
version 23 (SPSS Inc., Chicago, IL, USA) to analyze the 
data. Each experiment was conducted in triplicate; thus, the 
results are represented as mean ± standard deviation (SD). 
The analysis of variance (ANOVA) was used to test for dif-
ferences between the experimental conditions and was fol-
lowed by a Tukey post hoc test to determine where the dif-
ference lies. The confidence level was set at P = 0.05.

Results and discussion

Chlorophyll a and b ratios based on the extracted 
chlorophyll

Figure 1a and c depicts the Chla: Chlb ratios for the chloro-
phyll extracted from M. Oleifera leaves at 4 °C for all post-
harvest storage periods, at the extraction times (10, 30, and 
60 min), and using extracting organic solvents (methanol, 
ethanol, acetone, and DMF). The same parameter of extrac-
tion times and organic solvents was also applied at 25 and 

(10)CSI(%) =
Total Chlorophyll Content (post harvest storage period)

Total Chlorophyll Content (Control)
× 100

45 °C extracting temperatures. The results (Figs. 1, 2, 3, 4) 
show that Chla content was higher as compared to Chlb in 
all four solvents under all extraction times and temperatures, 
with the exception of acetone and ethanol extracts under 
45 °C at 30 and 60-min extraction times in the 2022 har-
vested samples. The Chla:Chlb ratio was found to increase 
with the increasing postharvest storage period of the leaves. 
This is due to the drastic decline in Chlb concentration with 
increasing postharvest storage period, while Chla concentra-
tion showed only a slight decline. The decline in the con-
centration of Chlb with the postharvest storage period of 
the leaves shows the deterioration of the plant. Chla con-
centration being abundant compared to Chlb concentration 
is consistent with the literature because Chla is the primary 
photosynthetic pigment in green plants [4, 6, 13]. Ahmadi 
et al. [4] evaluated the extraction of chlorophyll from alfalfa 
(Medicago sativa L.) and obtained that Chla was more than 
Chlb. Manolopoulou et al. [6] extracted the chlorophylls 
from green peppers and obtained more Chla compared to 
Chlb. Nguyen et al. [24] also obtained similar results from 
the Pandan leaf. The degradation of the harvested leaves 
with postharvest storage period may be due to factors such 
as environmental conditions, temperature and pH changes, 
heat, and oxygen because chlorophyll is unstable outside the 
plant cell [4]. Overall, the chlorophyll content of M. Oleifera 

leaves aligns with that observed in the literature for other 
plants. This suggests immediate use of the plant in the year 
of harvest to minimize the degradation of Chlb over time.

Effect of extracting solvents on the concentration 
of extracted chlorophyll

 Figures 2, 3, and 4 demonstrate the results of chlorophyll 
extraction from leaves with different postharvest storage 
periods, extraction times (10, 30, and 60 min), extraction 
temperatures (4, 25, and 45 °C), and extracting organic sol-
vents (methanol, ethanol, acetone, and DMF). The results 
show that each solvent had its strengths and uniqueness. 
Overall, methanol was observed as the most efficient solvent 
for extracting Chla pigment, followed by DMF, ethanol-and-
acetone, independently. Ethanol and acetone yielded similar 
results, with DMF illustrating a constant Chla concentration 
extraction per plant year. Furthermore, based on the variance 
analysis, there was no significant difference between ethanol 
and acetone for the Chla concentration (P > 0.05). Contrary 
to Chla extraction, Methanol was the least efficient solvent 
for Chlb extraction (Fig. 2a and c), followed by ethanol, 
acetone-and-DMF, interchangeably with extraction time. 

Fig. 1  a Chla:Chlb ratios for all postharvest storage periods extracted 
at 4  °C and 10-mins extraction time. The bar graphs follow the 
mean  ±  SE (n  =  3) standard, with the symbols representing a sig-
nificant difference between the extracting conditions (P < 0.05). The 
double symbols represent a non-significant difference (P  >  0.05) 
between the Chla:Chlb ratios and solvents per postharvest storage 
period. b Chla:Chlb ratios for all postharvest storage periods ages 
extracted at 4  °C and 30-mins extraction time. The bar graphs fol-
low the  mean  ±  SE (n  =  3) standard, with the symbols represent-
ing a significant difference between the extracting conditions (P < 
0.05). The double symbols represent a non-significant difference 
(P > 0.05) between the Chla:Chlb ratios and solvents per postharvest 
storage period. c Chla:Chlb ratios for all postharvest storage periods 
extracted at 4 °C and 60-min extraction time. The bar graphs follow 
the  mean  ±  SE (n  =  3) standard, with the symbols representing a 
significant difference between the extracting conditions (P < 0.05). 
The double symbols represent a non-significant difference (P > 0.05) 
between the Chla:Chlb ratios and solvents per postharvest storage 
period

◂
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Consequently, DMF possesses the highest total chlorophyll 
concentration (TCC), which is the sum of the chlorophylls 
(Chla + Chlb), followed by acetone, ethanol, and methanol, 
respectively. This is because DMF and acetone could dis-
solve Chla and Chlb efficiently compared to alcohols. In 
addition, the variance analysis indicated that there was a 
significant difference between all solvents for the TCC con-
centration (P < 0.05).

The solvent strength does have an impact on the con-
centration of both Chla and Chlb. For the fresh leaves, all 
the solvents extracted relatively good amounts of both Chla 
and Chlb but decreased as the postharvest storage period 
increased. The decrease in Chlb was more pronounced 
than that of Chla, with the extracted amount decreasing by 
approximately 50% for DMF and acetone in the 1-year post-
harvest storage period samples. In the alcohol solvents, the 
reduction of Chlb was significant such that there was no 
trace of Chlb extracted by methanol. For the 2-year post-
harvest storage period samples, in all the figures, a similar 
trend to that of the 1-year postharvest storage period samples 
was observed. Chla extracted by all solvents was relatively 
high but there was a drop in Chlb extraction for DMF and 
Acetone, with no trace of Chlb extracted by either of the 
alcohols (Methanol or Ethanol), as seen in Fig. 2a and c. 
Acetone and DMF demonstrated their effectiveness as they 
were able to extract chlorophyll even from samples with a 
two-year postharvest storage period in Moringa leaves. The 
ability of an organic solvent to extract chlorophyll is due to 
its ability to penetrate the chloroplast’s membrane and dis-
solve the lipids and lipoproteins in the plant [29]. Therefore, 
extraction is governed by the polarity and chemical struc-
ture of the solvent and pigment to be extracted, which must 
be aligned. Essentially, ‘like dissolves like’, polar dissolves 
polar, and non-polar dissolves non-polar. Thus, the extract-
ing solvent of choice must be compatible with the polarity 
of the structure. The structure of chlorophyll is composed 

of a phytol hydrophobic tail (non-polar) and a macrocycle 
hydrophilic head (polar) [9]. Overall, chlorophyll is a polar 
molecule because of the ester groups and cyclopentanone 
[9]; therefore, it is extracted through polar solvents such as 
methanol, ethanol, acetone, DMF and others.

The results obtained in this study suggest that the opti-
mum solvents for chlorophyll extraction were polar aprotic 
solvents, DMF and Acetone. These solvents have the abil-
ity to dissolve the polar and nonpolar parts of the chloro-
phyll pigment. Only a few studies have been conducted on 
chlorophyll extraction using DMF, and this is because of its 
toxic nature. However, the stability of Chla concentration 
in DMF and its affinity for higher recovery of total chlo-
rophyll recovery led to its utilization [19, 25]. In a study 
by Suzuki and Ishimaro [26] and Seibeneicher et al. [27] 
in different plants, the stability of DMF during chlorophyll 
extraction has been confirmed. From the study conducted by 
Tomsone and Kruma [28], acetone was reported as the best 
solvent because it could extract both chlorophylls from the 
frozen horseradish leaves and frozen horseradish leaves by-
products. The authors ascertain that the chemical structures 
and polarity of the solvents greatly influence the degree of 
extraction of these pigments.

Effect of temperature and time on the extraction 
of chlorophyll

Figures 2, 3 and 4 illustrate all the evaluated experimental 
conditions for all the postharvest storage periods, includ-
ing extraction temperatures and times. From the graphs 
presented (Figs. 3a, c and 4a, c), for the newly harvested 
leaves, Chla showed an inverse relationship to temperature, 
and Chlb showed a direct proportional relationship with 
temperature. Thus, a rise in temperature caused less Chla 
and more Chlb content produced. However, the decline in 
Chla was not significant, but the increase in Chlb was sig-
nificant, so Chlb had a larger impact on the total chlorophyll 
produced. This suggests that for the fresh leaves, higher tem-
peratures are ideal for high amounts of chlorophyll, but there 
are limitations. For the 1-year and 2-year postharvest storage 
periods leaf samples, a similar trend was observed, with the 
highest temperature producing high amounts of both Chla 
and Chlb concentrations and the total chlorophyll concen-
tration. However, it is essential to note that the difference in 
the chlorophyll concentrations with increasing temperature 
is minimal.

Likewise, in terms of temperature, an increase in extrac-
tion time also led to an increase in chlorophyll production. 
As the temperature and extraction time increased, more 
Chlb was produced and therefore more total chlorophyll 
(Chla + Chlb). However, relatively longer extraction times 
(30 and 60 min) and elevated temperatures (45 °C) com-
bined led to chlorophyll degradation. This was observed in 

Fig. 2  a Chlorophyll extraction for all postharvest storage peri-
ods at 4  °C and 10-min extraction time. The bar graphs follow the  
mean  ±  SE (n  =  3) standard, with the symbols representing a sig-
nificant difference between the extracting conditions (P < 0.05). The 
double symbols represent a non-significant difference, (P  >  0.05) 
between the extracting conditions and solvents per postharvest stor-
age period. b Chlorophyll extraction for all postharvest storage peri-
ods at 25 °C and 10-min extraction time. The bar graphs follow the  
mean  ±  SE (n  =  3) standard, with the symbols representing a sig-
nificant difference between the extracting conditions (P < 0.05). The 
double symbols represent a non-significant difference (P  >  0.05) 
between the extracting conditions and solvents per postharvest stor-
age period. c Chlorophyll extraction for all postharvest storage peri-
ods at 45 °C and 10-min extraction time. The bar graphs follow the  
mean  ±  SE (n  =  3) standard, with the symbols representing a sig-
nificant difference between the extracting conditions (P < 0.05). The 
double symbols represent a non-significant difference (P  >  0.05) 
between the extracting conditions and solvents per postharvest stor-
age period

◂
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Figs. 3c and 4c, where more Chlb was extracted compared 
to Chla for acetone and ethanol, whereas DMF and metha-
nol nearly produced more Chlb for those conditions as well. 
Several authors have also evaluated the impact of tempera-
ture on chlorophyll [9, 13]. From the study conducted by 
Ly et al. [9] on Centella asiatica L at 15 °C, 30 °C, and 
60 °C, the author reported that an increase in temperature 
led to a higher concentration of total chlorophyll. Kwarti-
ningsih et al. [13] also study the effects of temperature on 
chlorophyll extraction from Katuk leaves with temperatures 
ranging from 10 to 100 °C. The author reported optimal 
chlorophyll extraction and chlorophyll pigment yield at 
60 °C and a significant decrease subsequently between 60 
and 100 °C. The degradation noted above 60 °C is due to 
the accelerated rate of mass transfer of cellular components 
to the solvent and the increase in the chlorophyll derivative 
[29]. With the increase in the chlorophyll derivative, the 
chlorophyll’s centre magnesium ions are eliminated, leading 
to loss of the pigment colour and a decrease in the chloro-
phyll content [4].

Longer extraction times have also been reported to aid 
the extraction process by allowing the solvents to dissolve 
the phytochemicals. Siebeneicher et al. [27] reported for 
Acacia mangium that an increase in extraction time led to 
the extraction of a greater amount of chlorophyll, but that 
prolonged exposure duration led to pigment degradation. 
Marti-Quijal et al. [30] also reported high pigment extrac-
tion from Arthospira platensis chlorophyll extraction during 
longer extraction periods.

Chlorophyll content of Moringa

The chlorophyll content of plants varies with different types 
of plants, algae, and plant species. This is a result of various 
factors, such as different stages of growth and development, 
and response to environmental factors such as light and 
nutrient availability [6]. However, the chlorophyll content 
of plants is important because it impacts its use in industries. 
Consequently, plants with high chlorophyll content are pre-
ferred and may degrade at a slower rate than those with low 
chlorophyll concentrations. According to Table 1, the maxi-
mum chlorophyll extracted from M. Oleifera was 63 ± 0.524 
mg/l, 46 ± 0.069 mg/l, and 32 ± 0.022 mg/l while the mini-
mum was 41 ± 0.560 mg/l, 26 ± 0.052 mg/l, and 14 ± 0.156 
mg/l from the freshly harvested, 1-year, and 2-year leaves, 
respectively. The results show that the chlorophyll content of 
the leaves is relatively high compared to some of the results 
reported in the literature. From the study conducted by Vara-
prasad et al. [31] highest total chlorophyll of 25.8 mg/l and 
23.0 mg/l using ethanol extracts from C. reinhardtii and 
C. vulgaris, respectively, was obtained. In another inves-
tigation by Nguyen et al. [24] a total chlorophyll content 
of 13.67 mg/l from the Pandanus amaryllifolius Roxb leaf 
using microwave-assisted extraction (MAE) with an acetone 
solvent was achieved. Kwartiningsih et al. [13] also obtained 
total chlorophyll of 15.16 mg/l from Katuk leaves using 
supercritical carbon dioxide extraction.

Fig. 3  a Chlorophyll extraction for all postharvest storage peri-
ods at 4  °C and 30-min extraction time. The bar graphs follow the  
mean  ±  SE (n  =  3) standard, with the symbols representing a sig-
nificant difference between the extracting conditions (P < 0.05). The 
double symbols represent a non-significant difference (P  >  0.05) 
between the extracting conditions and solvents per postharvest stor-
age period. b Chlorophyll extraction for all postharvest storage peri-
ods at 25 °C and 30-min extraction time. The bar graphs follow the  
mean  ±  SE (n  = 3) standard, with the symbols representing a sig-
nificant difference between the extracting conditions (P < 0.05). The 
double symbols represent a non-significant difference (P  >  0.05) 
between the extracting conditions and solvents per postharvest stor-
age period. c Chlorophyll extraction for all postharvest storage peri-
ods at 45 °C and 30-min extraction time. The bar graphs follow the  
mean  ±  SE (n  =  3) standard, with the symbols representing a sig-
nificant difference between the extracting conditions (P < 0.05). The 
double symbols represent a non-significant difference (P  >  0.05) 
between the extracting conditions and solvents per postharvest stor-
age period

◂

Table 1  Maximum and 
minimum total chlorophyll 
concentrations obtained from 
M. Oleifera with the extracting 
solvents. The numerical values 
are represented in mean ± SD 
(n = 3) standard

Max/Min chlorophyll Plant year Extracting solvent

DMF Acetone Methanol Ethanol

Max Chl (mg/l) Fresh plant 63 ± 0.524 56 ± 0.550 60 ± 0.572 56 ± 0.193

1-year 45 ± 0.083 46 ± 0.069 34 ± 0.106 35 ± 0.155

2-year 32 ± 0.022 31 ± 1.123 28 ± 0.234 24 ± 0.028

Min Chl (mg/l) Fresh plant 50 ± 0.268 45±0.054 44 ± 0.233 41 ± 0.560

1-year 37 ± 1.871 26 ± 0.052 29 ± 0.281 26 ± 0.127

2-year 26 ± 0.020 22 ± 0.189 22 ± 0.269 14 ± 0.156
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This study shows that with acetone and DMF as extrac-
tion solvents, relatively high chlorophyll content was 
obtained in a 2-year-old M. Oleifera, compared with other 
freshly harvested plants. Indicating the optimal chlorophyll 
stability of M. Oleifera and therefore promoting the use of 
the plant in the food and health industries due to its lifes-
pan, longevity and preservation of chlorophyll. However, 
while DMF extracts more chlorophyll, acetone is recom-
mended for the food and health industries because DMF is 
toxic when ingested. The use of DMF chlorophyll extracts 
may be explored in other industries such as optoelectronic 
and next-generation photovoltaic. Furthermore, the ‘green’ 
solvent (ethanol), extracted a relatively high chlorophyll 
content of 62 ± 0.139 mg/l at a temperature of 45 °C and 
a 60-min extraction period for the freshly harvested plant. 
Thus, it is always preferred in the food and pharmaceutical 
industries because of its low cost, non-toxicness, and ease 
of separation [29].

The chlorophyll content obtained from the Moringa used 
in this study for all postharvest storage periods is compatible 
with what is used in the market. Further surpassing some 
of the chlorophyll content of the plants currently used in 
the market, such as spinach, alfalfa, etc. [26]. For instance, 
Nugroho et al. [32] evaluated the chlorophyll content of 
microgreen red and green spinach, obtaining an average 
total chlorophyll content of 15.203 mg/l and 12.998 mg/l, 
with ranges of 7.539–21.795 mg/l and 5.721–20.320 mg/l, 
respectively. Thus, this establishes Moringa as a major 
source of chlorophyll with potential for large-scale com-
mercial production.

Rate of chlorophyll content reduction at different 
extraction times and CSI

Figure 5a and c illustrate the reduction rate of average total 
chlorophyll concentrations for freshly harvested, 1-year, and 

2-year postharvest storage periods of M. Oleifera at differ-
ent extraction times. Tables 2, 3, 4 present the chlorophyll 
stability index (CSI) for all the evaluated conditions. From 
Fig. 5, the graphs illustrate a consistent rate of chlorophyll 
reduction with DMF extracts for postharvest storage periods 
in comparison with other solvents. It’s more pronounced at 
a 10-min extraction time. DMF extracts degraded consist-
ently from year to year, with chlorophyll levels declining by 
approximately 20% each year, and showed little decrease 
in percentage variation with increasing extraction time. 
For the 2-year postharvest storage period moringa, the per-
centage drop for DMF extracts was still below 50%, which 
thus shows that chlorophyll is relatively constant in DMF. 
Ethanol and acetone extracts showed a 40% decrease in the 
chlorophyll content of the 1-year (2021) plant of the freshly 
harvested (2022) plant. Followed by an approximately 50% 
decrease in the chlorophyll content of the 2-year (2020) 
leaves of the freshly harvested leaves (2022) for acetone 
extracts only. Methanol and ethanol showed little variation 
in reduction rates between postharvest storage periods, as 
Chlb content was not detected in the 1-year-old/2-year post-
harvest storage periods and 2-year postharvest storage period 
extracts for methanol and ethanol, respectively, whereas 
Chla showed little variation.

Similarly, with the chlorophyll reduction results, the chlo-
rophyll stability test conducted with the chlorophyll stability 
index illustrated that the highest levels of CSI were obtained 
using DMF extracts compared to the other solvents. Fol-
lowed by acetone extracts, and the results of the alcohol 
extracts are invalid because little to no amounts of Chlb were 
extracted using them. The highest percentages of CSI for 
DMF and acetone extracts were 87% and 73%, respectively, 
during the one-year postharvest storage period, and 65% and 
58%, respectively, during the two-year postharvest storage 
period of the plants. Thus, the high percentages indicate that 
the total chlorophyll content was not greatly affected by the 
postharvest storage period of the leaves and that chlorophyll 
from moringa is stable.

Overall, the findings suggest that alcohol extracts are 
not recommended for longer preservation of the chloro-
phyll pigment, particularly methanol. The results also 
show that the chlorophyll pigments degrade faster in the 
first year than in the second year moringa. Furthermore, 
the results show that the chlorophyll content in M. Oleifera 
decreases with increasing postharvest storage period.

Conclusion

According to the results obtained in this study, the chloro-
phyll content of M. Oleifera is relatively high, stable, and 
compatible with other plants currently used in the food and 
pharmaceuticals industries. The study demonstrated that 

Fig. 4  a Chlorophyll extraction for all postharvest storage periods 
at 4  °C and 60-minute extraction time. The bar graphs follow the  
mean  ±  SE (n  =  3) standard, with the symbols representing a sig-
nificant difference between the extracting conditions (P < 0.05). The 
double symbols represent a non-significant difference (P  >  0.05) 
between the extracting conditions and solvents per postharvest stor-
age period. b Chlorophyll extraction for all postharvest storage peri-
ods at 25 °C and 60-min extraction time. The bar graphs follow the  
mean  ±  SE (n  =  3) standard, with the symbols representing a sig-
nificant difference between the extracting conditions (P < 0.05). The 
double symbols represent a non-significant difference (P  >  0.05) 
between the extracting conditions and solvents per postharvest stor-
age period. c Chlorophyll extraction for all postharvest storage peri-
ods at 45 °C and 60-min extraction time. The bar graphs follow the  
mean  ±  SE (n  =  3) standard, with the symbols representing a sig-
nificant difference between the extracting conditions (P < 0.05). The 
double symbols represent a non-significant (P  >  0.05) difference 
between the extracting conditions and solvents per postharvest stor-
age period

◂



1622 S. Ngcobo et al.

1 3



1623Optimal chlorophyll extraction conditions and postharvest stability in Moringa (M. Oleifera)…

1 3

the chlorophyll extracted from a 2-year postharvest storage 
period M. Oleifera leaves was stable, and the chlorophyll 
content was still compatible with that of other freshly har-
vested plants. As a result, this plant can be considered a 
significant source of chlorophyll due to its shelf life, lon-
gevity, and chlorophyll preservation. Increased extraction 

Fig. 5  a Rate of chlorophyll content reduction for all postharvest 
storage periods at 10-min extraction time. The line graph follows the 
mean ± SE (n = 3) standard. b Rate of chlorophyll content reduction 
for all postharvest storage periods at 30-min extraction time. The line 
graph follows the mean ± SE (n = 3) standard. c Rate of chlorophyll 
content reduction for all postharvest storage periods at 60-min extrac-
tion time. The line graph follows the mean ±  SE (n = 3) standard

◂

Table 2  CSI and total 
chlorophyll concentration based 
on the evaluated parameters 
(postharvest storage periods, 
temperature, and organic 
solvent) at 10-min extraction 
time

The numerical values are represented in mean ± SD (n = 3) standard

Experimental 
Conditions

Total Chl (mg/l) CSI (%)

Freshly har-
vested leaves

1-year leaves 2-year leaves CSI for the 
1-year leaves

CSI for 
the 2-year 
leaves

T = 4 °C
 Acetone 47 ± 0.181 26 ± 0.053 26 ± 0.123 56 ± 0.000 56 ± 0.000

 Methanol 46 ± 0.334 33 ± 0.096 23 ± 0.098 73 ± 1.000 51 ± 0.000

 Ethanol 47 ± 0.072 34 ± 2.089 15 ± 0.077 73 ± 5.000 34 ± 0.000

 DMF 50 ± 0.269 42 ± 0.309 28 ± 0.186 85 ± 1.000 57 ± 0.000

T = 25 °C
 Acetone 55 ± 0.096 26 ± 0.035 31 ± 1.123 48 ± 0.000 57 ± 2.000

 Methanol 44 ± 0.233 34 ± 0.106 28 ± 0.234 77 ± 0.000 63 ± 0.000

 Ethanol 53 ± 0.249 26 ± 0.127 14 ± 0.333 50 ± 0.000 27 ± 1.000

 DMF 50 ± 0.142 41 ± 0.336 31 ± 0.845 82 ± 0.000 62 ± 2.000

T = 45 °C
 Acetone 56 ± 0.550 38 ± 0.172 28 ± 0.173 67 ± 1.000 51 ± 0.000

 Methanol 46 ± 0.273 28 ± 0.102 21 ± 0.183 61 ± 0.000 46 ± 0.000

 Ethanol 56 ± 0.193 33 ± 0.303 21 ± 0.242 59 ± 1.000 39 ± 0.000

 DMF 62 ± 0.154 42 ± 0.134 30 ± 0.120 69 ± 0.000 50 ± 0.000

Table 3  CSI and total 
chlorophyll concentration based 
on the evaluated parameters 
(postharvest storage periods, 
temperature, and organic 
solvent) at 30-min extraction 
time

The numerical values are represented in mean ± SD (n = 3) standard

Experimental 
Conditions

Total Chl (mg/l) CSI (%)

Freshly har-
vested leaves

1-year leaves 2-year leaves CSI for the 
1-year leaves

CSI for 
the 2-year 
leaves

T = 4 °C
 Acetone 45 ± 0.054 27 ± 0.044 26 ± 0.114 59 ± 0.000 58 ± 0.000

 Methanol 47 ± 0.224 32 ± 0.078 22 ± 0.196 69 ± 0.000 47 ± 1.000

 Ethanol 41 ± 0.549 31 ± 0.213 18 ± 0.360 76 ± 1.000 44 ± 0.000

 DMF 60 ± 0.140 41 ± 0.211 29 ± 0.157 68 ± 0.000 49 ± 0.000

T = 25 °C
 Acetone 51 ± 0.241 27 ± 0.091 22 ± 0.189 53 ± 0.000 43 ± 0.000

 Methanol 44 ± 0.250 30 ± 0.966 18 ± 0.397 67 ± 2.000 41 ± 1.000

 Ethanol 52 ± 0.146 27 ± 0.224 20 ± 0.033 53 ± 1.000 39 ± 0.000

 DMF 55 ± 0.582 41 ± 0.072 26 ± 0.020 75 ± 1.000 48 ± 0.000

T = 45 °C
 Acetone 65 ± 0.653 39 ± 0.084 28 ± 0.045 61 ± 1.000 44 ± 0.000

 Methanol 60 ± 0.572 30 ± 0.491 21 ± 0.372 51 ± 1.000 36 ± 1.000

 Ethanol 61 ± 0.118 32 ± 0.082 24 ± 0.028 53 ± 0.000 40 ± 0.000

 DMF 61 ± 0.473 43 ± 0.277 33 ± 0.022 71 ± 1.000 54 ± 0.000
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time and temperature resulted in increased chlorophyll 
production, but an increase in both conditions resulted in 
chlorophyll degradation. Methanol extracted the highest 
Chla concentrations but the lowest Chlb concentrations, 
thereby total chlorophyll (Chla + Chlb). Acetone and DMF 
demonstrated the highest efficiency in chlorophyll extrac-
tion from the harvested leaves and maintained this trend 
even with an increasing postharvest storage period of the 
leaves. The optimal extraction conditions for ethanol and 
methanol were achieved by using a 10-min and 30-min 
extraction time at 45 °C, resulting in maximum chlorophyll 
concentrations of 56 ± 0.193 mg/l and 60 ± 0.572 mg/l, 
respectively. Similarly, for acetone and DMF, the best 
results were obtained at 45 °C with extraction times of 10 
and 60 min, resulting in maximum chlorophyll concentra-
tions of 56 ± 0.550 mg/l and 63 ± 0.524 mg/l.

Regarding the degradation of chlorophyll concen-
trations, when acetone and ethanol were used at 45 °C 
with extraction times of 30 and 60  min, the result-
ing values were 65 ± 0.653 mg/l, 61 ± 0.118 mg/l, and 
63 ± 0.324 mg/l, 62 ± 0.139 mg/l, respectively. Acetone 
and ethanol are recommended for chlorophyll use in the 
food and pharmaceutical industries, but ethanol should be 
used for chlorophyll extraction only on freshly harvested 
plants. That is because the alcohols (methanol and ethanol) 
degraded at a faster rate compared to the other solvents 
with the increasing postharvest storage period.

In general, this study established that the chlorophyll 
content and stability of M. Oleifera will benefit different 

industries according to the solvent used in its extraction. 
The plant’s ability to produce a large biomass, with its 
drought-tolerant properties and rapid growth rate, can sup-
port large-scale production.
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Table 4  CSI and total 
chlorophyll concentration based 
on the evaluated parameters 
(postharvest storage periods, 
temperature, and organic 
solvent) at 60-min extraction 
time

The numerical values are represented in mean ± SD (n = 3) standard

Experimental 
conditions

Total Chl (mg/l) CSI (%)

Freshly har-
vested leaves

1-year leaves 2-year leaves CSI for the 
1-year leaves

CSI for 
the 2-year 
leaves

T = 4 °C
 Acetone 48 ± 0.400 27 ± 0.062 25 ± 0.076 57 ± 1.000 53 ± 0.000

 Methanol 50 ± 0.340 31 ± 0.038 23 ± 0.130 62 ± 0.000 46 ± 0.000

 Ethanol 44 ± 0.345 34 ± 0.043 19 ± 0.088 77 ± 1.000 44 ± 0.000

 DMF 50 ± 0.427 43 ± 0.265 32 ± 0.119 87 ± 1.000 65 ± 1.000

T = 25 °C
 Acetone 53 ± 0.207 28 ± 0.076 23 ± 0.119 53 ± 0.000 44 ± 0.000

 Methanol 49 ± 0.468 27 ± 0.029 18 ± 0.095 55 ± 1.000 38 ± 0.000

 Ethanol 51 ± 0.298 28 ± 0.064 18 ± 0.050 54 ± 0.000 36 ± 0.000

 DMF 54 ± 0.233 38 ± 1.873 30 ± 0.121 70 ± 3.000 56 ± 0.000

T = 45 °C
 Acetone 63 ± 0.324 46 ± 0.069 31 ± 0.188 73 ± 0.000 50 ± 1.000

 Methanol 59 ± 0.666 31 ± 0.094 23 ± 0.163 54 ± 0.000 40 ± 0.000

 Ethanol 62 ± 0.139 35 ± 0.155 22 ± 0.078 57 ± 1.000 36 ± 0.000

 DMF 63 ± 0.524 45 ± 0.083 31 ± 0.150 71 ± 1.000 50 ± 0.000
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