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Abstract
Gynura procumbens (Sambung nyawa) is a bicolor (green and red) herbal plant, which is widely grown in Asia. This herbs are famously used for medicinal purposes as a safe alternative to chemical-based medicine. Recent studies proved that this plant has anti-herpes simplex virus, anti-flammatory and anti-hyperglycaemic properties. This work investigates the extraction of chlorophyll a and b in Gynura procumbens using Solid liquid extraction method. The solid to solvent ratio, temperature, solvent used and extraction time were varied to determine the optimum conditions for extraction.  It was found that at 80 C in 90 minutes with 2:5 solid to solvent ratio was the most favorable condition to extract chlorophyll a and b. Five valuable compounds were found from GC-MS analysis, which are 2-hexanal, phenol, oleic acid, copaene and phytol. This implies that Gynura procumbens promises a good source of many useful bioactive compounds.
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Abstrak
Sambung Nyawa ialah pokok herba dwi-warna yang tumbuh secara meluas di Asia. Herba ini sangat popular digunakan sebagai bahan alternatif yang selamat bagi tujuan perubatan berbanding ubatan berunsurkan bahan kimia. Penyelidikan terbaru membuktikan bawaha pokok ini anti-virus herpes simplex, anti-keradangan dan anti-sifat hiperglisemia. Eksperimen ini menyiasat tentang pengekstrakan klorofil a dan b dalam Gynura procumbens. Menggunakan pengekstrakan cecair pepejal. Nisbah cecair pepejal, suhu, pelarut dan masa mengekstrak telah dimanipulasi untuk menentukan keadaan yang optimum untuk proses pengekstrakan tersebut. Keputusan eksperimen mendapati bahawa pengekstrakan selama 90 minit pada suhu 80C serta nisbah cecair pepejal 2:5 merupakan kondisi yang paling sesuai untuk mengekstrak klorofil a dan b. Lima kompoun  berharga telah ditemui melalui keputusan analisa GC-MS iaitu  2-heksanal, fenol, asid oleik, copaene and fitol. Keputusan ini mencadangkan potensi Gynura procumbens sebagai sumber yang baik kepada sebatian bioaktif. 

Kata kunci:  Gynura procumbens, sambung nyawa, klorofil, pengekstrakan, pengoptimuman  


Introduction
For centuries, many plants have been used as a traditional medicine. However, the interest for natural products have grown significantly in recent years [1,2,3]. In the market, nowadays, there are tremendous numbers of natural products, which have a phyto origin such as food additives, cosmetics, and medicines [4]. One of the well-known medicinal plants in South-east Asia is Gynura procumbens (Lour.) Merr., which is locally known as Sambung nyawa in Malaysia. Gynura procumbens is a fast growing evergreen herb from family of Compositae or Asteraceae and it is mostly found in Thailand, Malaysia, Indonesia, and Philippines [1,5]. 

The leaves of Gynura procumbens have been traditionally used for the treatment of eruptive fevers, rashes, kidney diseases, migraines, constipation, hypertension, cancer and diabetes mellitus, inflammation, rheumatism, viral diseases of skin, migraine, and constipation [5 – 9]. Modern research also has provided evidence for the above-mentioned medicinal properties of Gynura procumbens. For instance, Rosidah et al. [10] maintained that the ethanolic extract of G. procumbens showed anti-hyperglycaemic and anti-hyperlipidaemic activities in diabetic rats [5,9, 11,12]. Furthermore, Gynura procumbens has been reported to possess anti-herpes simplex virus, anti-hyperglycemic, anti-hyperlipidemic [13], anti-hypertensive effects [8], anti-hyperlipidemic [12,13], anti-sterility, anti-oxidative capabilities, and it has been found to be useful for prevention of rheumatism [5 – 7,9,12,13]. In addition, ethanol and methanol extracts from the leaves of Gynura procumbens showed anti-diabetic effects in streptozotocin (STZ)-induced diabetic rats [12]. Rosidah et al. [10] also reported that Gynura procumbens leaves increase insulin secretion in the insulin-secreting cell line [14]. According to Zurina et al. [15], it was reported that the aqueous extract of Gynura procumbens not only decreases the blood glucose levels, but also increase the glucose uptake by muscle tissues in STZ-induced diabetic rats [14]. 

Strong body of research supported the fact that chemical contents of Gynura procumbens leaf are flavonoid, glycoside kuersetin, phenolate acid, triterpenoid, alkaloid, saponin, and tannin [7,14]. Generally, most of the green vegetables and fruits contain chlorophyll, which accounts for their green colour. Chlorophyll a and b are the major pigments that can be found in the extract of green plants [16]. The presence of chlorophylls has also been observed in the solvent extract from leaves of Gynura procumbens [17,18,19]. Chlorophylls have been used as a traditional medicine for therapeutic and as antioxidant [17, 20]. Kaewseejan, et al. [17] reported that the usage of chlorophylls in human diet has increased significantly in recent years. According to Guil-Guerrero et al. [20], chlorophylls have antioxidant, anticarcinogenic, and cytotoxic activity, so, they may ameliorate drugs’ side effects [17]. Chlorophyll has been used for many purposes. In chemical industry, chlorophylls have been used as natural dyes. Chlorophyll is registered as a food additive (colorant), and its E number is E140. Chefs use chlorophyll to colour a variety of foods and beverages such as pasta and absinthe. Other than that, in medical field chlorophyll has been introduced as bioactive compound which can help in blood production. 

Hence, given the importance of chlorophylls and its beneficial compounds, the aim of this study is to extract the chlorophyll a and b in Gynura procumbens at optimum condition.

Materials and Methods
Sample preparation 
The leaves of Gynura procumbens were bought from Pusat Herba, Taman Pertanian Universiti (TPU). The leaves were washed by distilled  water to  avoid  contaminants  on  the surface of the leaves. After drying, the leaves were freshly stored at 4 °C for subsequent experiments.

Solvent extraction
The fresh leaves of Gynura procumbens were cut into small pieces before the extraction. Then, an amount 0.5 g of sample was used for each experiment and soaked in 5 ml of solvent in a test tube. In order to find the best solvent for this extraction, three different solvents (water, methanol, and ethanol) were used in each extraction. The conical flask was then covered with aluminum foil to avoid contamination and to protect from sunlight that may causes unwanted reaction. Water bath machine was used to heat the samples for extraction at different temperature and time. After each experiment, the extracts were filtered through a Whatman No.1 filter paper and the absorbance value measured by using Shimadzu UV-Vis spectrophotometer.

Ultraviolet visible spectrophotometer
In this study, Shimadzu ultraviolet visible (UV-Vis) spectrophotometer was used in determining chlorophyll content. The extract collected after filtration of samples through Whatman No.1 filter paper were filled in the cuvette. Chlorophyll-a showed maximum absorbance at 665 nm while chlorophyll-b at 652 nm. Then, the chlorophyll-a and chlorophyll-b content (µg/ mL) were calculated using equations 1 and 2 for ethanol-based extraction as reported by Kaewseejan et al. [17]:

Chlorophyll-a = 16.72 (A665) – 9.15 (A652)      						         (1)

Chlorophyll-b = 34.09 (A652) – 15.28 (A665)    						         (2)

The wavelengths used were at 666 nm for chlorophyll-a absorbance and 653nm for chlorophyll-b absorbance. The equations 3 and 4 were used for methanol-based extraction to determined chlorophyll-a and –b content:

Chlorophyll-a = 15.65 (A666) – 7.340 (A653)     						         (3)
 
Chlorophyll-b = 27.05 (A653) – 11.21 (A666)    						         (4)

Gas chromatography mass spectrometry
Extracted samples were analysed using Shimadzu gas chromatography mass spectrometry (GC/MS). A 30 m × 250 µm × 0.25 µm capillary column was used. The temperature used for this analysis was from 50 to 325 ˚C while the pressure was up to 10.5 psi. The injection volume was 3.0 µL. Split less mode was used and helium gas with the flow of 1mL/min and pressure of 10.5 psi was used as carrier gas. Response Surface Methodology software was used to obtain a mathematical model for extraction of chlorophylls.

Results and Discussion
The fresh leaves of Gynura procumbens were extracted by solvent extraction method, which is a traditional method to obtain chlorophylls.

Optimization of extraction method
The conventional extraction process can vary in different temperatures, solid/ liquid ratio, solvent, and time. So, the effect of these parameters was studied in order to find the optimum conditions, in which highest yield of chlorophylls was extracted.

Effect of solvents
As mentioned earlier, three different types of solvents of methanol, ethanol, and water were employed. The extractions were done at different times, from 5 to 30 minutes. The results from each solvent varied in the extracted amount of chlorophyll-a and chlorophyll-b. As Figure 1 depicts, one of the highest yield of chlorophyll-a was extracted using methanol as a solvent and followed by ethanol and water respectively. 30 minutes of extraction was found to be the best extraction time to obtain the highest amount of chlorophyll-a (34.63 µg/ml) by methanol. While the concentration of chlorophyll-a extracted by ethanol and water were 32.03µg/ml and 0.281µg/ml respectively.
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Figure 1.  Concentration of chlorophyll-a against time of extraction at different solvents

Meanwhile, the highest yield of chlorophyll-b was extracted by using methanol as a solvent and followed by ethanol and water. After 30 minutes of extraction, the concentration of chlorophyll-b extracted by methanol was 6.82 µg/ml. While the concentration of chlorophyll-b extracted by ethanol and water was 6.08 µg/ml and 0.12 µg/ml respectively (Figure 2). Therefore, it clearly shows that methanol extracted the highest yield of chlorophylls compared to ethanol and water. The reason of these phenomena is because chlorophylls are readily soluble in alcohol, mostly insoluble in non-polar alkanes like butane and hexane, and has unique relationships with polar water, due to its polarity and the presence of ionic groups. Chlorophylls are basically composed of hydrocarbons, which are mostly insoluble in water.
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Figure 2.  Concentration of chlorophyll-b against time of extraction of different solvent


Since the yield of chlorophylls were almost the same for ethanol and methanol extract, hence ethanol was chosen as solvent for the rest of experiments. This is because ethanol poses less threat to human consumption and health risks [21].

Effect of solid to solvent ratio
In this experiment, solid to solvent ratio was varied from 1:5 to 5:5 g/ml.  The time of  extraction was set to be at 30 minutes and 120 minutes. Figures 3 and 4 below shown the results obtained.  As it is depicted in Figures 3 and 4, the optimum ratio for highest yield of chlorophylls was at 2:5 g/ml in 120 minutes of extraction. The concentration of chlorophyll-a and b was 72.32 µg/ml and 32.62 µg/ml respectively, while half of these amounts were extracted in 30 minutes. So, the result showed that the yield of chlorophylls doubled by increasing the time of extraction. The highest yield of chlorophylls at solid to liquid ratio of 2:5 mg/ml may be explained by the fact that at this ratio better mass transfer between sample and solvent occurs in comparison to other ratios. 

Effect of extraction temperature
In this part, temperatures of extraction were varied from 40 to 80 ˚C at the constant solid to solvent ratio (2:5) and 30 minutes extraction time to find the optimum temperature. As it shows in Figure 5, the concentration of chlorophyll-a and b increase with respect to temperature from 41.47 µg/ml and 16.57 µg/ml to 84.78 and 77.63 µg/ml. At higher temperatures, plant cell wall, which is hydrocarbon chain and consists of phospholipid layer, breaks easier and the compounds in the leaf can leave the cell wall [22]. Higher temperatures also increase the solubility of sample in solvent and hence help to shorten the extraction time by increasing the mass transfer of solute into solvent. Based on the results, highest amount of chlorophylls was extracted at the 80 ˚C. The finding regarding the optimum temperature was consistent with the findings of other research such as Bucić-Kojić, et al. [23].
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Figure 3.  Concentration of chlorophyll against solid to solvent ratio for 30 minutes
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Figure 4.  Concentration of chlorophyll at different solid to solvent ratio for 120 minutes
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Figure 5.  Concentration of chlorophyll against temperature
. 
Effect of extraction time
In order to find the optimum time of extraction, constant amount of solid to solvent ratio and temperature was set at different times of extraction ranging from 5 to 120 minutes. Figure 6 shows results of concentration chlorophyll at constant temperature of 80 ˚C while the time of extraction was varied throughout the experiment. From the graph we can see that the concentration of chlorophyll increased as time of extraction increased. However, at 120 minutes of extraction the concentration decreased because the ethanol had vaporized totally and the mixture become dry in the conical flask.  In 5 minutes of extraction concentration of chlorophyll obtained was 58.20 µg/ml for chlorophyll-a and 33.41 µg/ml for chlorophyll-b, while maximum amount of chlorophyll-a and chlorophyll-b obtained at 90 minutes of extraction with 173.25 µg/ml and 165.54 µg/ml respectively.  

Thus as mentioned earlier, high temperature helps to reduce time of extraction with higher yield of extraction. In this case, the optimum time was 90 minutes at 80 ˚C for extraction highest amount of chlorophylls. Therefore, based on the results, the optimum parameters for conventional extraction of chlorophylls from G. procumbens leaves were at 80 ˚C for 90 minutes of extraction and solid to solvent ratio 2:5 g/ml.  
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Figure 6.  Concentration of chlorophyll against time of extraction at constant temperature (80˚C)


Response surface methodology
In order to find the mathematical model for the extractions, Response surface methodology software was used based on the obtained results for extraction of Chlorophylls at different solid to solvent ratio, temperature, and extraction time (three parameters). Central composite design and Box-Behnken design for historical data was used for each extraction method. Analysis of variance (ANOVA) was employed to evaluate the significance of each variable on the resulted model. Linear model was suggested for extraction of chlorophyll-a and chlorophyll-b by conventional method (equation 5 and 6). 

Chlorophyll-a concentration = + 90.30 - 6.67A + 22.71B + 38.38C				         (5)

Chlorophyll-b concentration = + 19.21 + 6.05A + 31.83B + 42.45C				         (6)

where; A = Ratio (g/ml), B = Temperature (˚C) and C = Time (minutes)

As it shows in the Figure 7, the desirable concentration of chlorophylls obtained at 80 ˚C and 90 minutes of extraction by conventional method.
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Figure 7.  Desirability of concentration of chlorophyll for conventional extraction by optimization analysis


Gas chromatography-mass spectrometry analysis
The chemical compounds of ethanolic extracts obtained by solvent extraction from the leaves of Gynura procumbens were identified by GC-MS. The results showed five identified compounds. The identified compounds from solvent extraction sample were 2-hexenal, phenol, oleic acid, copaene and phytol. All the identified compounds are valuable and useful in medicine and they can be the reason of Gynura procumbens traditional medicinal usage, but further investigation is needed.

Conclusion
Based on the results, the highest yield of chlorophylls was extracted by conventional method at 80 ˚C with solid to solvent ratio of 2:5 mg/ml for 90 minutes. Also the samples extracted by conventional extraction method contained valuable compounds, which are useful in medicine. In short, the extract from leaves of Gynura procumbens has a promising medicinal potential and it can be used as a natural source of chlorophylls.
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Figure 6: Concentration of chlorophyll against time of
extraction at constant temperature (80°C)

A =Ratio (gr/ml)
B = Temperature ("C)
C = Time (minutes)

As it shows in the figure 7, the desirable concentration of
chlorophylls obtained at 80 “C and 90 minutes of extraction
by conventional method.
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