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The solid waste output in the world is growing day by day in volume and in toxicity. More and 
more everyday products contain chemicals put our environment in grave danger. This work was 
carried out using the most important principle of green chemistry, which is referred to as, ‘It is 
better to prevent waste material than to treat or clean up waste after it is formed’ [1]. 

The biodegradation of bioorganic solid waste involves millions of tons of fruit and plant 
waste every year. The biodegradation of fruit and plant waste comprises a series of 
biodegradation transitions that bring about changes in texture, metabolic changes and 
colour. Colour changes are as a result of chlorophyll biodegradation. Much research on 
Chlorophyll biodegradation has been performed and papers have been published in this 
fi eld. Diapic N., et al extracted chlorophyll pigments from Parrotia persica, Hamamelis 
virginiana, Vitis vinirera var pinot noir, Prunus serrulata and Fothergilla gardenii autumnal 
leaves [2-7]. Ewa M. studied the molecular design and environmental determinants of 
plant color concentration [8]. Donghua l., et al studied the effect of some biomarker 
characters like Cr (VI) against Chlorophyll a, b ratio with their structure, composition and 
function [9]. The isolation of chlorophylls a and b from spinach leaves was performed 
employing both counter-current chromatography [10] and extraction processing [11]. 
Gautam S. S. et al and Lara R. A. Studied the amount and activity of bromelain present 
in the stem and fruit peel of the pineapple plant [12,13]. More recently Suman S. and 
Kaushik C. worked on identifying the proper dose of inorganic nitrogen fertiliser in relation 
to the growth stage and leaf colour chart [14]. 

Due to the importance of GP in human health the choice of Green pigment extraction 
from the waste of pineapple fruit peel was the main goal of this publication. Green 
pigment is a mixture of chemical components found in a plant that absorb light and utilise 
it in order to make energy in the plant. Moreover, the measurement of photosynthetic 
pigments can provide basic information on the physiological status of a plant [15]. This 
research was monitored and controlled using spectroscopic analysis including TLC, UV-
visible, FT-IR, 1H-NMR, 13C-NMR and GC-MS analysis.

Materials and Methods [16] 
1. Sample preparation:

Pineapple peels were collected from the market region in Hilla provenance. The leaves 
were washed and cut into small pieces, drying under vacuum, then crushed in a mortar 
and pestle for homogenisation. The samples were kept in a dry place at room temperature 
for further evaluation. (Figure 1a).

2. Extraction of pigment:

6 gm. of sample was prepared from pineapple peels (Figure 1a) and placed in a soxhlet tube 
thimble and extracted using three different solvents (methanol, acetone, and diethyl ether) 
respectively using a soxhlet apparatus (Figure 1b). The extraction time for each solvent was 
45 minutes until the solvent became colourless (Figure 1c). The crude extract was directly 
transferred to a cooling centrifuge for about 10 minutes at 2000 rpm at 8°C. The extracted 
sample was then dried using anhydrous MgSO4 and the supernatant transferred to a 
lypholyser apparatus to remove all the excess solvent (after the drying process all the solvents 
were recovered with a yield of 85%). The best yields observed in case of acetone then ether 
and methanol were (255, 220, and 112 mg/5 gm.) extract respectively.

3. Analytical methods:

a. The crude extract of 90% acetone was tested by thin layer chromatography (TLC) using 
aluminium backed silica 60 (20×20 cm) TLC plates with F254 fl orescence indicator and 
developed using acetone/ether in ratios of 10:1, 10:3 and 10:5 as mobile phase. The best 
separation was observed using the (10:1) mobile phase. Three spots were clearly identifi ed 
when the TLC plate was examined by an E-Graph Image Server 5 version 2.0.4 (ATTO 
Corporation). The retention factors (Rf) were 0.21, 0.28, and 0.52 respectively (Figure 2a).

This article describes the use of Green Chemistry Principles when applied to the extraction and isolation of chlorophyll biodegradation products (Green Pigments) 
from pineapple peel waste. Green Pigments (GP) were isolated and identifi ed from pineapple fruit peel extracts by using a renewable method based on a two phase 
extraction system (TPE) using ether/acetone at 40°C. The extract was worked up and purifi ed via fl ash column chromatography (FCC) and the fractional components 
monitored by thin layer chromatography (TLC) at room temperature and identifi ed utilising spectroscopic analysis tools such as UV-visible, FT-IR, 1H-NMR, 13C-NMR and 
GC-MS analysis. Two components of green pigments were identifi ed, chlorophyll types a and b respectively with all solvents being recovered. The advantages of this 
method include environmental friendliness, low preparation cost, isolation, identifi cation, and ease of detection. 

Figure (1a, b, c (left to right)): Section of pineapple peels used for extraction the green pigments.

Figure (2b) TLC of the pigment after FCC with TLC extraction 
after TPE.

Figure (2a): TLC of the 
pigment    
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b.  The sample was then transferred to a 30 × 500 mm glass chromatography column 
packed with Silica gel (250 -400) mesh size (stationary phase). The mobile phase employed 
was acetone: ether in a (10:2) ratio (Figure 1c). The flow rate for elution was 3ml/ min. 
and 10 fractions were collected over 40 minutes and tested within TLC. Fractions 6 and 7 
exhibited two different spots with Rf= 0.43 for A and 0.68 for B (Figure 2b). Removing the 
solvent under vacuum with cooling (lypholyser). An oily green pigment was observed for 
components A and B respectively 

4. Equipment:

Various spectroscopic tools were used for identification in this application. The UV-Visible 
spectra were recorded on a Pye-Unicam 8700 spectrophotometer (200-900 nm), IR spectra 
were recorded on a Bruker Tensor 27 FT-IR spectrophotometer (4000-400 cm-1), using 
an ATR unit with Nujol mulls and liquid films between potassium bromide cells. E-Graph 
Image Sever 5 version with UV source 2.0.4 ATTO Corporation. Proton and Carbon Nuclear 
Magnetic Resonance (1H-NMR & 13C-NMR), Bruker, Ultra Shield Spectrometer 300 MHz, 
with tetra methyl silane (TMS) as standard, and CDCl3 + D2O as a solvent [18]. The Gas 
Chromatography – Mass Spectrometer (GC-MS), QP-2010 Ultra (Shimadzu Instrument, 
Japan) [19]. Column chromatography Glass Column 30×500 mm packed with silica gel 
320-400 mesh, 1 gm./25 gm.) [17]. Freeze Dryer Christ, Alpha 1-4 LD, with Vacuum Pump 
RZ 6, up to 4-10-4 mbar.

Results and Discussion 
The fundamental importance of this application was recycling impurities in the food waste 
from human nutrition to keep our environment safe and secure. The use of green chemistry 
principles were applied for the isolation and identification of one the most important 
biochemical pigments in living organisms. Historically, numerous methods were used for 
elucidation of the molecular structures of chlorophyll and its derivatives (Figure 3) [20]. 
More than four spectroscopic techniques were used in this research to prove and support 
the presence of GP in waste pineapple peels. UV-Vis spectra of the extract exhibit several 
absorptions bands (λmax) between 320-455 nm, indicating a mixture of several pigments, 
which were separated by column chromatography. Fourier transformer Infrared spectra 
(liquid disk and ATR mode) of the isolated compounds exhibit good evidence of the presence 
of oily GP type A and its derivatives (Figure 4). Two different types of carbonyl groups 
(ester & ketone) appear at two stretching frequency absorptions at n = 1737 and 1711 
cm-1 respectively in rings I and IV. The conjugated system of the double bond C=C in the 
porphyrin isocyclic rings observed at stretching frequency n = 1463 cm-1. Large intensity of 
stretching absorption bands at n =2919 and 2862 cm-1 refer to the Ar-CH, CH2 and CH3 in 
the side chain groups and porphyrin ring. In addition C-O, C-N and CH bending which is 
exhibited at n = 1266 -1110 cm-1. Figure (4b) shows strong broad band stretching at  
n = 3367 cm-1, OH carboxylic group, strong stretching absorption at n = 2020 -2850 cm-1, 
CH, aromatic and aliphatic groups, two types of stretching frequency absorption at n = 
1736 and 1632 cm-1, carbonyl ester & keto respectively, and the rest of spectra for C=C 
conjugated, CH bending, C-N, and C-O appeared at 1465 -1381 and 1244-1070 cm-1 
respectively.

On the other hand 1H-NMR spectrum in CDCl3 (Figure 5a) showed the presence of Green 
Pigment type A as follows: three protons (Ha, Hb and Hc) of in the isocyclic porphyrin 
ring exhibited singlet at δ = 8.74, 8.49, and 8.25 ppm; three allylic protons bonded in 
C7 exhibited at δ = 8.07-8.09 ppm d, 1H, and 2H,dd at δ= 6.55-6.42 ppm respectively. 
Also one proton s, 1H of C19 at 6.16 ppm, two protons in C1 & C2 were exhibit at δ= 
4.13 ppm d, 2H. Three types of four methyl groups bonding to C6, C11, C16, and C19 
exhibited as follows; at δ= 3.69 ppm s, 2CH3, 6H refer to C6 and C16, s, CH3, in C11 at 
δ= 3.34 ppm, s, 3H at δ= 3.29 ppm refer to methoxy group, whereas the methyl group 
d, 3H at C2 exhibit at δ= 2.16 -2.11 ppm. The rest of signals belong to the ethyl in C12 
pyrol ring II and phytyl side chain in C1 ring I. They were exhibited between δ= 2.56 to 
1.50 ppm [21]. The other supporting evidences of isolation of GP type A was done by 
13C-NMR in (Figure 5b). Two types of carbonyl C=O groups exhibited in down field as 
C=O, keto, IV ring at δ= 186.45 ppm and 2C=O, ester groups exhibited at δ = 174.53 
ppm respectively. The other type of carbons such as C3, C18, C21, C5, C10, C8, C15, 
and C13 exhibited at δ= 160.33, 155.13, 154.02, 150.37, 148.11, 147.09, 146.23, and 
140.04 ppm respectively. Also there are many signals with different intensity observed 
at δ= 139.58, 136.49, 130.85, 126.44 and 119.44 ppm which they belong to C12, C7, 
C6, C11 and C17 with carbon allylic group bonded at position C7. The rest of the signals 
clearly observed at δ= 65.10 to 22.91 refer to phytal side chain (R1, Figure: 3). From 

another side the elucidation of GP type B were done by GC-Mass analysis (Figure 6a &b) 
with the following condition, temperature injector programming 40 to 100ºC, column 
temperature 250-340ºC and the detector temperature was 350ºC. The chromatogram in 
Figure 6a exhibits a broad band width at 4.5-6.0 with peak height at 163. This provides 
good evidence and supports the presence of GP type b in its isolated form. Moreover the 
mass spectrum of the GP b exhibits molecular ion peak EI-MS+ at m/z = 636 ([M+Na]+), 
also additional signal exhibited at m/z= 617 ([M+H]+) fragment ion peak, and fragment 
ion at m/z= 592([M++H]-Mg) plus the rest of fragments at m/z= 504, 453, 335, 266 with 
base peak 200 respectively. Through these measurements the identification of isolated 
compounds matches 90% with literature publications [22]. 

Some applications of Green Pigment (GP)
Some of these publications suggest that GP is essential in photosynthesis and is 
instrumental in good human health. 

1. GP helps control Hunger and promote losing weight [23].

2. It’s controls body odour by reduction odour, constipation and gas [24].

3. Encourages healing and helping in wounded therapy [25].

4. Removing toxic metals by binding with them to prevent absorption [26].

5. Protects DNA against fried foods [27], and potent antioxidant properties by protect  
    cells from the oxidative damage by eliminating free radicals generation [28].

6. Effective against candida albicans growth [29]. Also able to reducing systematic redness 
    and swelling [30].

7. Promotes healthy iron levels by new GP derivatives [31].

In addition to all these benefits, the waste of leafs (by-products) have a low commercial 
value, therefore can directly returned to the fields as soil improvements. Also the wastes 
are rich in the enzyme bromelain that could be isolated and purified in order to generate a 
product with a higher quality value.

Figure (3): Scheme of the chemical structure GP A and B

Figure (4a): FT-IR spectrum of GP type A after column chromatographic analysis.

Figure (4b): FT-IR spectrum of GP type B derivative by liquid cell disk analysis

Figure (4c): FT-IR spectrum of GP type B derivative using ATR unit instead of liquid cell.
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Figure (5a): 1H-NMR spectrum of isolated compound GP type A

Figure (5b): 13C-NMR of the isolated compound GP type A

Figure (6a) Gas Chromatography Analysis (GCA) by TIC for the Isolated GP type B.

Figure (6b) Mass Analysis Spectrum (m/z) for Green pigment (GP) type B
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GC Universal Autosampler to Boost Lab Productivity
HTA’s GC autosampler offering is the widest and the most complete in the market. HTA offers seven models to answer different needs in terms of injection 
techniques: standard liquid injection, headspace or solid-phase microextraction (SPME) and sample capacities,  from 15 to in excess of 200 samples.

50+ GC models supported: HTA autosamplers feature the widest compatibility in the market. In fact they fit every GC and GC-MS, major or niche 
brand, by a dedicated interface, assuring maximum compatibility and top performances.

HTA autosamplers support also all the Chromatography Data System, always allowing a seamless integration for the best user experience.

HTA autosamplers represent a future proof investment: regardless which GC you buy next, you should expect to re-use your HTA autosampler just by 
sourcing a new mounting kit.

HTA autosamplers are self contained, independent from GC firmware or hardware release, independent from the CDS version; they also provide support 
for discontinued GC models, not further supported by the original GC manufacturer.

They can serve both the front and rear injector in most supported GCs. Furthermore, the rotating head design ensures that the injection port is always 
free, for manual injections or maintenance.

The quick-fix mounting kit technology allows for autosampler easy relocation across the lab: no service engineer or tool required. HTA autosamplers can 
be easily moved between GCs of different brands, when workloads change: you will be enabled to re-start analysis in less than 5 minutes.

HTA autosamplers are top mounted on analysers, characterised by low weight and compactness to save valuable bench space.

HTA GC autosamplers benefit from a unique portfolio of patented, proprietary and licensed technologies that have been put together by HTA R&D team to make user experience amazing. Among others: 
SyringeID, vial leakage check, simultaneous injection, prep ahead, heuristic system integrity procedure.
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