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Acetone-water mixture is a competent solvent to extract phenolics and antioxidants from four organs of Eucalyptus camaldulensis 

Aseton-Su Karışımı, Dört Okaliptüs Camaldulensis Organından Fenolikleri ve Antioksidanları Çıkarmada Yetkili Bir Çözücü

Abstract

Background: Eucalyptus camaldulensis is recognized to be one of the major introduced eucalypts; the plant extracts possess a wide range of phytochemicals which are accountable for its antioxidant and pharmacological activities. The extraction efficiency of such chemical compounds is influenced by the applied extraction conditions. Objective: to test the effect of solvent type on the yield of phenolics and antioxidants from E. camaldulensis, seeking for an optimization of the extraction process. Method: dry powders of four plant organs were extracted by some organic solvents besides water, the total phenolic content was detected in the crude extracts of leaf, bud, empty capsule and seed, and was further characterized by GC-MS. Results: acetone-water mixtures yielded high amounts of phenolic compounds with parallel antioxidant potentials, correlation coefficients were significant (0.696-0.998). Bud and capsule are first accredited for their antioxidant potentials. The GC-MS analysis revealed the abundance of most detected phenolic constituents in the plant seed. Discussion: acetone-water is a successful and appropriate mixture for the extraction of phenolic compounds from E. camaldulensis, because it gives better yields and enhances the biological activities of its corresponding extracts. Conclusion: the accurate choice of an extraction solvent has a great influence on the yields of phenolics. 
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ÖZET

Arka fon: Okaliptüs camaldulensis, tanıtılan en büyük okaliplerden biri olarak kabul edilir; Bitki özleri, antioksidan ve farmakolojik aktivitelerinden sorumlu olan çok çeşitli fitokimyasallara sahiptir. Bu tür kimyasal bileşiklerin ekstraksiyon etkinliği, uygulanan ekstraksiyon koşullarından etkilenir. Amaç: Solvent tipinin, E. camaldulensis'ten elde edilen fenolik ve antioksidanların verimi üzerindeki etkisini test etmek, ekstraksiyon işleminin optimizasyonunu araştırmak. Yöntem: Dört bitki organının kuru tozları, su dışında bazı organik çözücüler tarafından çıkarıldı, toplam fenolik içerik, yaprak, tomurcuk, boş kapsül ve tohumdaki ham özlerde tespit edildi ve ayrıca GC-MS ile karakterize edildi. Bulgular: Aseton-su karışımları paralel antioksidan potansiyeli yüksek fenolik bileşikler üretti, korelasyon katsayıları anlamlıydı (0.696-0.998). Tomurcuk ve kapsül ilk önce antioksidan potansiyelleri için onaylıdır. GC-MS analizi, bitki tohumunda saptanan fenolik bileşenlerin bolluğunu ortaya koydu. Tartışma: Aseton-su, fenolik bileşiklerin E. camaldulensis'ten ekstraksiyonu için başarılı ve uygun bir karışımdır, çünkü daha iyi verim sağlar ve karşılık gelen ekstraktların biyolojik aktivitelerini arttırır. Sonuç: Bir ekstraksiyon çözücüsünün doğru seçimi fenoliklerin verimi üzerinde büyük bir etkiye sahiptir.

Anahtar kelimeler:

Okaliptüs camaldulensis, tomurcuk, boş kapsül, fenolik bileşikler, aseton, GC-MS analizi.

Materials and methods

Plant materials and chemicals

Samples of E. camaldulensis were collected from Menoufia, Egypt. The species was verified in the Faulty of Agriculture, Menoufia University. A mixed voucher sample (composed of leaf, bud, capsule and seed) was preserved in the biology department, College of Life Sciences, Anhui Normal University, Wuhu, China. The used extraction solvents (HPLC grade) were obtained from Zhanyun Chemicals Co. LTD (Shanghai, China) and Sangon Biotech. Both ascorbic and gallic acids (RG) were from BBI Life Sciences. Folin & Ciocalteu phenol reagent was purchased from Sigma Aldrich (USA). All GC-MS chemicals were of analytical or HPLC grade, they were purchased from CNW Technologies GmbH (Düsseldorf, Germany), Sinopharm Chemical Reagent Co., Ltd. (Shanghai, China) and Shanghai Hengchuang Bio-technology Co., Ltd. (Shanghai, China). 

Preparation of plant extracts

Fine plant powders were prepared from the air-dried leaves, buds, empty capsules and seeds of E. camaldulensis. Extraction solvents (hexane, chloroform, ethyl acetate, acetone, ethanol and methanol) were used in pure state (100%) and as a mixture (50%) with distilled water (water purification system (AYJ2-0501-U, Ever Young Enterprises Development Co. LTD, China)), in order to firstly test their relative capabilities to pull out phenolics from E. camaldulensis leaf, pure water was also considered as an independent solvent. The filtrates were dried in vacuum oven at an adjustable temperature for each solvent, re-dissolved in distilled water to give a final concentration of 10 mg/ml. After that, acetone; as a best solvent among others, was further mixed with water to prepare a total set of six extraction solution ratios; 15, 30, 50, 70, 90 and 100%. The prepared solutions were used to extract phenolics from leaf, bud, empty capsule and seed of E. camaldulensis. The extraction was carried out as follows; 10 gm of dry plant powder was mixed with 50 mL of each solution using an orbital shaker (SUNKEN, Sky 2102C) at 225 rpm for 12 hours.

Estimation of total phenolic compounds (TPC)

The content of total phenolics in the plant samples was estimated calorimetrically according to [1, 2]. 1 mL plant extract was mixed with 1 mL Folin-Ciocalteu reagent and 1 mL sodium carbonate solution (20% w/v), then the mixture was completed up to a known volume with distilled water, and all tubes were incubated in dark for color development. The absorbance was measured at 650 nm on spectrophotometer (UNICO UV-2000) after 30 minutes. A standard curve was set and phenolic compounds were expressed as mg gallic acid/g dry weight of the plant samples.

Antioxidant activity by phosphomoylebednum assay (PMA) 

The antioxidant activity of E. camaldulensis was essayed through the phosphomolybdenum protocol as reported by Prieto et al. [3]. An aliquot of 0.1 mL of the sample solution was stirred with 1 mL of reagent solution (0.6 M sulphuric acid, 28 mM sodium phosphate and 4 mM ammonium molybdate) in a test tube, and then completed to a known volume (5 mL) with distilled water in both samples and standard preparations. The tubes were tightly capped and incubated in a water bath at 95 °C for 90 minutes. After they were cooled down to room temperature; the absorbance of the mixture was measured at 695 nm against a blank on the previously mentioned spectrophotometer. A calibration curve was prepared by ascorbic acid (5-500 µg/mL) and the results are expressed as mg of ascorbic acid equivalents/g dry weight of the plant sample.
Reducing power method (RPM)

In the method described by Oyaizu [4], with slight modifications according to Zhang et al. [5]; 2.5 mL of 0.2 M phosphate buffer (pH 6.6) and 2.5 mL of potassium ferricyanide (1% w/v) were added to 1 mL of plant extract. The resultant mixture was incubated at 50 oC for 20 minutes in a water bath, followed by the addition of 2.5 mL of trichloro-acetic acid (10% w/v). The mix was centrifuged at 3000 rpm for 10 minutes to collect the upper layer of the solution (2.5 mL),which was then assorted with distilled water (2.5 mL) and 0.5 mL of ferric chloride (0.1%, w/v). The absorbance of triplicates was detected at 700 nm against a blank. Ascorbic acid (5-500 µg/mL) was checked as the reference antioxidant chemical. 

Hydrogen peroxide (H2O2) scavenging (HPS)

The capacity of plant extracts to scavenge hydrogen peroxide was estimated according to Ruch et al. [6]; 1 mL of plant extract was mixed with 2 mL of 40 mM solution of hydrogen peroxide which was previously prepared in phosphate buffer (50 mM, pH 7.4). The absorbance color was assessed at 230 nm on spectrophotometer. The scavenging percentage was calculated as follows:
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(Ac is the absorbance of control, and As is the absorbance of test sample) 

Gas chromatography–mass spectrometry (GC-MS) analysis
The phenolic compositions in the crude extracts (acetone-water 70%) of E. camaldulensis leaf, bud, capsule and seed were characterized by GC/MS in reference to known phenolic standards.
A 20 mg-sample was put into a 1.5 mL Eppendorf tube with an internal standard (360 μL of a pre-cold methanol (–20 °C) and 40 μL of 2-chloro-l-phenylalanine (0.3 mg/mL, dissolved in methanol)) and incubated at –80 °C for 2 minutes. After that, they were pulverized for 2 minutes at 60 HZ. The mixture was ultra-sonicated at room temperature for 30 min. and 200 μL of chloroform was next added with vortexing. Later, water (400 μL) was added and the mixture was vortexed again, followed by ultrasonication at ambient temperature for 30 minutes. A centrifugation step for 10 minutes was applied at 12000 rpm at 4 °C. Afterwards, 500 μL of the resultant supernatant was transferred to a glass vial and dehydrated at room temperature then, the crude was re-dissolved in methoxylamine hydrochloride in pyridine (80 μL of 15 mg/mL). The mixture was subjected to a vigorous shaking using a vortex for 2 minutes and incubated at 37 °C for 90 minutes. Subsequently, 80 μL of BSTFA with 1% TMCS and 20 μL n-hexane were added to the mixture, which was again vortexed vigorously for 2 minutes and finally derivatized at 70 °C for 60 minutes. 

The GC-MS analysis was carried out using an Agilent 7890B gas chromatography system coupled to an Agilent 5977A MSD system (Agilent Technologies Inc., CA, USA). The separation of derivatives was accomplished by a DB-5MS fused-silica capillary column (30 m × 0.25 mm × 0.25 μm, Agilent J & W Scientific, Folsom, CA, USA). The collected fractions were analyzed by using high-purity helium (> 99.99%) as a carrier gas at a steady flow rate of 1 mL/min through the column. The injection port temperature was attuned at 260 °C. Injection quantity was 1 μL by split mode at a ratio of 10:1. The launch column temperature was programmed at 60 °C and upraised gradually as follows; 125, 210, 270 and 305 °C at corresponding rates of 8, 4, 5 and 10 °C/min, the ending temperature was stabilized at 305 °C for 20 min. Temperatures of 150 and 230 °C were set for MS quadruple and electron impact respectively with an electron energy for EI-ionization of 70 eV. Mass data were attained in a full–scan mode (m/z 50–450), and the solvent delay time was set to 5 minutes. QCs were inoculated every 10 samples to assess repeatability. 

Statistical design and analysis 

One-way ANOVA and correlation coefficients were performed via MATLAB Statistics Toolbox (Version 9.0; R2014a).

Supplemental results
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Figure S1. GC-MS (TIC) chromatogram generated for leaf
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Figure S2. GC-MS (TIC) chromatogram generated for bud
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Figure S3. GC-MS (TIC) chromatogram generated for capsule
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Figure S4. GC-MS (TIC) chromatogram generated for seed
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