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Abstract: Ultrastructural and spectroscopic analysis of lignin of stone cells of the fruit mesocarp of
Mimusops elengi has been discussed here. Specific types of lignin, mostly present, Guaiacyj lignin (G-
lignin), have been synthesized by Chemical methods and identified by Fourier Transform Infrared
Spectroscopy (FTIR). An average domain (crystallite) size (L) of lignin is ~ 3.23 nm (32.3 A) order
calculated by X-Ray Diffraction (XRD). Calcium oxalate crystal (crystal sand type) has been seen in
the sample and identified by the optical study by LM (Light microscopy), SEM (Scanning Electron
Microscopy), Fluorescence Spectrophotometer, and FTIR. The essence of chemical compounds in our
sample crystal and their structure has been determined by EDAX (Energy Dispersive X-ray Analysis)
and XRD, respectively. The crystallite size of calcium oxalate is an average (187.5 + 13.8) A. Our
present lignin is more active in the blue color region, analyzed by Chromatography plot using
Fluorescence spectroscopy data under purple excitation light (380 nm). Also, we have studied the stone
cells developed from parenchymal cells.
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1. Introduction

Mimusops elengi L. (Sapotaceae) tree is native to the Western peninsula. The
Vernacular name of Mimusops elengi in English is Spanish cherry. Here, we have been
focusing on Mimusops elengi fruit mesocarp grown in Purba Medinipur, Egra campus.

Fruit is an essential part of a plant. Spanish cherry fruit mesocarp contains stone cells.
Brachysclereid is known as a stone cell, comprising a vast degree of lignin and cellulose,
observed in the mesocarp layer, either aggregated or isolated forms known as sclereids [1,2].
Sclereids are developed from sclerenchyma cells—the secondary layout of lignin on the
fundamental wall of parenchyma cells built sclereid [3,4]. Ca-base compounds, like Calcium
Oxalate crystals in a different dimension, have been observed in different fruits.

The most abundant heterogeneous compound is lignin. It is a biopolymer in nature. It
comprises up to one-third of plant cell walls [5]. Usually, it is evolved by the three
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phenylpropane soloists, such as sinapyl alcohol, coniferyl alcohol, and p-coumaryl alcohol,
through dehydrogenative polymerization. It is also linked through different types of Carbon-
Carbon and ether bonds [6]. Three types of lignin units are present in nature, such as syringyl
(S), guaiacyl (G), and p- hydroxyphenyl (H) types, as reported in the literature [7,8]. The
chemical composition and structure of lignin [9] vary in different cells, cell layers, and plants.
Hardwood lignin generally consists of G and S- type units, whereas softwood contains G-type
units. In Gramineae (grasses, bamboo), three forms of lignin units (G, S, and H-types) exist, as
reported in the literature [10,11]. Various preparation methods have classified lignin into milled
wood lignin, acid-insoluble lignin, and alkali lignin [12]. Certain stains, like the Weisner
reaction, have emerged as lignin's most widely used diagnostic tests. The
HOCgH3CH=CHCHO (coniferyl aldehyde) and HO(CH30).C¢H.CH=CHCHO (sinapyl
aldehyde) groups of lignin appear to react with CeH3(OH)3-HCI (phloroglucinol- HCI) to give
a reddish-violet color. These reactive groups are only in small quantities in lignin, but the test
is sensitive. This staining process is applied for identification and the appearance of lignin in
the plant cell wall. Lignin is extensively distributed in plant cell walls and confers strength,
rigidity, and impermeability. In several plants, it also gives both structural support and water
transport. In terrestrial trees, 15-36% of dry wood consists of lignin. The 2nd most natural
polymer in the universe is lignin. Lignin plays a significant role in cell wall thickening and
stone cell creation [13,14].

CaC204 (Calcium oxalate) crystals were found in most edible plant tissues and organs
reported by Webb in 1999 [15,16]. It was found in different morphological structures [17] like
druses in Pyrus malus L. raphides in Alocasia cucullata Schott, styloids in Tragia ramosa Torr,
prismatic in Nymphaea tuberosa Paine, and crystal sand in Cordia subcordata Lam.

Ultra-structure and spectroscopic analysis of Mimusops elengi L. (Sapotaceae) fruit
mesocarp have been focused on in this research work. The identification and analysis have
been made using different techniques such as Optical microscopic, Scanning Electron
Microscopy (SEM), EDAX (Energy-dispersive X-ray spectroscopy), XRD (X-ray diffraction),
FTIR (Fourier Transform Infrared), and fluorescence spectrophotometer.

2. Materials and Methods

2.1. Plant sample.

Living Mimusops elengi fruit collected from Egra S.S.B. college campus, used as a
sample, has been exhibited in Figure 1.

Figure 1. (a) Tree of Mimusops elengi, (b) Fruit of Mimusops elengi, (c) Vertical cross section, and (d) Optical
microscopic image (10x) of Mimusops elengi mesocarp.
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2.2. Plant sample readiness for Light Microscopy (LM) and Auto Fluorescence (AF) in

analysis.

The collected Mimusops elengi fruit were fixed in FAA (formalin: glacial acetic acid:
90% ethanol = 5:5:90) solution for preservation. The sample was dehydrated at 30°C by 70,
85, 95, and 100 ethanol in percentage (30 min in each step) sequentially. The sample was cut
into thin pieces with a thickness ~10 um along the transverse section using a knife blade. 2-3
blobs of 1% CsH3(OH)s- ethanol solution were poured on the surface of the cutting sample,
placed on a glass plate, and after 2 to 3 minutes, 1 blob of 35% HCI was poured again on the
same sample. The sample was covered by a glass coverslip for observation under FM
(Fluorescence Microscope) with model no. LEICA DM 3000 and stone cell images were taken.

2.3. Stone cell preparation from the sample.

A warring blender is used to homogenize the ~ 5 g samples. 0.1 M NacCl is used to
dilute the homogenized sample. The prolongation was trimmed for 30 min. at 22 °C. Again the
feces were trimmed for 30 min. with 500 ml of 0.5 N NaOH and decanted. Finally, the
suspended sediment was kept in 500ml of 0.5 N HCI for 30 min., blended, and cleansed with
water. This washing cleansing process was repeatedly done several times while the stone cells
were free of extra cell debris. Stone cells were collected and then dried in the oven. The dried
stone cells were weighed three times. 2.7% in wt stone cell (x) presents in our sample, and the
used empirical Eq. (1) for calculation is

x(% in wt.) =%x 100 o o .. )

where M (in wt.) = used raw sample and m (in wt.) = collected dry stone cells.
2.4 . Lignin preparation from the sample

Chemical techniques have been used for lignin preparation [18]. Stone cells were well
ground under 95% ethanol and ethanol: hexane (C2HsOH:Ce¢H14) (1:2, v/v), dried, and repeated
the process three times. Dried sediments were digested in 2 ml of 25% (v/v) C2H3Bro (acetyl
bromide) in CH3COOH (acetic acid) and incubated for 30 min at 70°C. The reaction was
terminated by adding 0.9 ml of 2 N NaOH with an extra 5 ml of CH3COOH and 0.1 ml of 7.5
M HONH2.HCL (hydroxylamine hydrochloride). The lignin synthesis process is shown in

Figure 2.
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Figure 2. Schematic diagram of Lignin synthesis in the chemical process from Mimusops elengi fruit mesocarp.
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2.5. Scanning Electron Microscopy (SEM).

The Mimusops elengi fruit tissue was cut with razor blades along a longitudinal section
in 200 um thickness. The cutting sample died under sunlight at room temperature and then
coated with gold using a sputter coater. The final sample was viewed for Ultra-structural image
and analysis. It has been taken out by scanning electron microscopy (SEM), ZEISS Supra-40
at 1T, Kharagpur, India.

2.6. Fourier Transform Infrared (FTIR) spectroscopy.

The Mimusops elengi fruit tissues were dried and ground by mortar and pestle for
powder form. FTIR data were taken for analyzing the presence of functional groups in the
samples, using Fourier Transform Infrared Spectroscopy, model no. JASCO FTIR 420 at
Jadavpur University, Kolkata, India. FTIR data were taken in the band of 4000-400 cm™.

2.7. Fluorescence spectrophotometer.

FL characteristics analysis of lignin extracted from Mimusops elengi fruit tissues were
prepared using chemical techniques described in detail in the previous sec. 2.4 and in Figure 2.
The experiment was done by the Fluorescence spectrophotometer (HITACHI Model F-7000)
with a slit width of 5 mm at Jadavpur University, Kolkata-32.

2.8. X-ray diffraction.

The Mesocarp of Mimusops elengi fruit tissue was dry at room temperature. The dry
sample was grounded for 15 min by mortar and pestle and formed into a powder. The X-ray
diffraction data of our powder sample was carried out at a scanning rate of 2°/min, with 20
ranging from 1° to 50°, in a Bruker-ASX, Germany, diffractometer with Cu-kal (= 1.5406 A),
ka2 (=1.54439 A) and a-average filter radiation (A= 1.5418 1&), operating at 30 kV and 10 mA.
XRD data were analyzed using the software Origin 8.5.

3. Results and Discussion

3.1. Presence of lignin in stone cells.

We have cut the Mimusops elengi fruit in the longitudinal section for optical
observation, characterization, and going through the Wiesner reaction [14]. Under the light
microscope, the stone cell of Mimusops elengi are of different types, like spheroidal, and
globoid [19], has been observed and shown in Figures 3a and 3b, and are viewed in reddish
pink color. Due to the presence of lignin [20-22] in the stone cell. Orange color cells are the
parenchyma cell indicated by orange arrows in Figure 3a and bounded by an orange color oval
in Figure 3b. Stone cells are generated from parenchyma cells [14,23]. Figure 1c shows the
Fluorescence images of the same stone cell in Figures 3a and 3b.
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Figure 3. (a), (b) Sections stained with phloroglucinol-HCI; the lignin is present mainly in stone cells as a pink
color. (c) Fluorescence images of stone cells.

3.2. SEM analysis.

Stone cells (SC), Cell Lumen (CL), Simple pits (SP), and Sclereid (SCL) were observed
by SEM image, shown in Figures 4a & 4b. Secondary Cell Wall (SCW), Lamellar structure
(LS), and Crystal Sand (CS) were observed in our SEM image in Figure 4c, and it indicates
that the lignin cells were present.
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Figure 4. SEM micrographs of Mimusops elengi fruit epicarp show SC, CL, PC, SP, SCL, SCW, LS and CS.
(a) Stone cell (SC), marked by green color rectangular boundary, Cell Lumen (CL), looks like canal type and
marked by red color rectangular boundary, (b) Parenchyma cell (PC), marked by red color oval and looks like a
solid surface. Some small holes were observed on the surface, and it was called Simple Pit (SP), Sclereid (SCL),
marked by a blue color rectangular boundary (c) enlarging view of Figure 4b and specifically the SCL portion.
The Secondary Cell Wall (SCW) looks like a ring layered type, marked by yellow color rectangular boundary,
Lamellar structure (LS), marked by an olive color rectangular boundary, Crystal Sand (CS), marked by red color
circular boundary, and (d) enlarging view of Figure 4c and specifically CS portion.
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Stone cells show lamellar structure, expressing that the deposition of lignin in the cell

wall formed the multi-layered and subsequently formed the distinct ring structure, as seen in
the SEM photograph [14]. Crystal sand is present on the surface of the cell layer [24], shown
in Figure 4c, and enlarging view in Figure 4d.

3.3.1."FTIR spectral characteristics.

3.3. Lignin determination: the analysis of lignin functional groups of M. elengi.

FTIR spectroscopy is a powerful tool for the identification of organic compounds, the
presence of chemical bonding as well as functional groups. FTIR data of lignin was recorded
in Figure 5 and Table 2.

Table 1. FTIR absorption peaks and assignment of lignin extracted from the mesocarp of Mimusops elengi

Experimental Peak | Recommended Assignments Functional groups and | Refs.
position (cm™) Peak position (cm™) structures in lignin/CaC204
512 515.23 O-C-0 in-plane bending | CaC204 [25]
768 771.96 C=0 asymmetrical | CaC204 [26]
stretching
750-860 C-H stretching Aromatic ring (Lignin) [32]
1027 1024.79 Aromatic C-H in-plane | CaC204 [25,28]
deformation (Lignin)
1030 C-O and C-H stretching | Aromatic ring and primary alcohol | [32]
(Lignin)
1222 1215 C-O and C-C stretching | Ether (Lignin) [32]
1313 1314 c-C symmetrical | CaC20a4 [26,27]
stretching
1316 C-0O symmetric vibrating
1366 1360-1370 C-H bending -CHz, -CHs (Lignin) [31,32]
1440 1425-1460 C-H deformation -CHa, -CHs (Lignin) [32]
1610 1615.25 Cc=0 CaC204 [25,40]
1590-1610 C=0 stretching Aromatic skeletal vibrations plus | [31]
(Lignin)
1731 1700-1750 C=0 stretching Unconjugated ketones, carbonyl, | [32]
carboxyl, and aliphatic carbonyl
(Lignin)
2070 2650-2890 C-H stretching Methyl group in methoxyl (Lignin) | [32]
2921 2920 O-H stretching Carboxylic hydroxyl (Lignin) [32]
2820-2960 C-H stretching -CH2, CHs (Lignin) [32]
3292 3100-3400 O-H Stretching Associated hydroxyl  group | [32]
(Lignin)
100
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Figure 5. FTIR spectrum of lignin extracted from the fruit mesocarp of Mimusops elengi.
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The observed FTIR absorption data in our experimental data strongly recommended for
calcium oxalate (CaC204) compound, peaks at 512 cm™(for O-C-O in-plane bending), 768 cm"
! (for C=0 asymmetrical stretching), 1027 cm™ [25], 1113 cm™* (C—C symmetrical stretching),
and 1610 cm™ (C=0) [25-27], and lignin for peaks at 768 cm™ (C-H stretching), 1222 cm™ (C-
H stretching) [28], 1366 cm™ (C-H bending) [29], 1440 cm™ (C-H deformation), 1731 cm™
(C=0 stretching), 2070 cm™ (C-H stretching), 2921 cm™ (either O-H stretching or C-H
stretching and or both) [30], 3292 cm™ (O-H Stretching) [31,32]. Presents lignin in our sample
is guaiacyl unit categories or G-type for peaks at 1222 cm™ (C-O and C-C stretching), well
matched with the reported data of [33]. (in detail discussed in Table 1).

3.3.2. Fluorescence spectrophotometer analysis.

Blue fluorescence of lignin in the stone cell was observed under purple excitation light
(380 nm) [34]. Some authors reported [35-37] stone cells are abundant thick-walled tissue cells
in pear fruit and are mainly composed of lignin. The cells of blue fluorescence were the stone
cells. Scatterings of wavelengths in the visible electromagnetic spectrum can be quantified
using CIE 1931 color coordinates, which are humans’physiologically apparent color. In this
study, the emission spectra of Mimusops elengi were plotted using CIE 1931 Figure 6. The
obtained color confirmed the different colors of emission of all materials. The color coordinate
was (0.18219, 0.20313) [38,39] for Mimusops elengi. The non-emissive nature of Mimusops
elengi was confirmed from the coordinates out of the CIE plot.
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CIEX
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= / \
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Figure 6. Fluorescence Spectrophotometer peak of lignin extract from Mimusops elengi fruit mesocarp, and
CIE 1931 Chromaticity Diagram is in inset view

3.3.3. EDX analysis.

EDAX results, shown in Figure 7, give the Calcium (Ca) 8.91 wt% (3.41 in atomic %)
and Carbon (C) 29.11 wt% (37.17 in atomic %) were present in our sample, and it was
confirmed that crystal sand, has been shown in our SEM picture Figure 4, is Ca-base
compound.
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Figure 7. EDAX result of our sample. (a) SEM image, (b) Energy spectrum of the specified image, marked by a
pink color rectangle.

3.3.4. XRD analysis.

XRD data gives the peaks at 14.99(101), 24.45(020), 30.16(220), and 38.24(130) for
calcium oxalate [41]. A wide XRD peak in the range from 5° to 28° and a maxima peak at
21.98° has been observed. It indicates that the lignin is present [42-44], mostly G-type,
confirmed by FTIR data and discussed ultra. An average domain (crystallite) size (L) of lignin
is ~ 3.23 nm (32.3 A) order, calculated using Scherre’s equation, expressed in Eq. (2) [45,46].
An average crystallite size [47] of calcium oxalate is about ~ 18.74 nm (187.4 A) (in details in
Table 2).

L 0.94A @)
~ Bcos6

Table 2. Crystal size of calcium oxalate for different planes and G-type lignin, observed in Mimusops elengi
Sample types 26° plane B(FWHM in °) L (A)
Calcium oxalate 14.98 101 0.4362 191.9
Calcium oxalate 24.45 020 0.4541 187.0
Calcium oxalate 30.16 220 0.5070 169.6
Calcium oxalate 38.24 130 0.4367 201.2

Lignin 21.98 -- 2.6023 325

L = Crystal size/domain order = 0.94)\/ Bcosb, A = incident X-ray wavelength, B = FWHM (Full width at Half Maxima), 6
= Bragg angle.

« Experimental data
|_—— Fitting data by Smoothing |:
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Figure 8. XRD data of Mimusops elengi fruit mesocarp. Blue solid points are the experimental data, and the

continuous red line is the fitting data by smoothing (15 points) data.
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4. Conclusions

The shape of the stone cell of Mimusops elengi fruit mesocarp is spheroidal and globoid,
observed by Light microscopy. The stone cell is stained with phloroglucinol-HCL and shows-
reddish-pink color. SEM study revealed that stone cells were observed in the form of
aggregates surrounded by parenchyma cells in M. elengi fruit mesocarp. Stone cells show
lamellar structure expressed that the deposition of lignin on cell wall formed multi-layered,
forming the distinct ring structure, seen in SEM image.

Crystal sand is present on the surface of the cell layer. EDX analysis data inform us that
the observed crystal is Ca base compound and a calcium oxalate type of crystal, confirmed by
the presence of functional groups and supported by FTIR absorption peaks. XRD data gives
the peak at 14.99° (101), 24.45° (020), 30.166° (220), and 38.24° (130) for calcium oxalate.
The FTIR analysis data confirm that lignin functional groups are present in M. elengi fruit
mesocarp, supported by the FTIR absorption peaks. Guaiacyl unit categories, i.e., G type lignin
present in our sample and supported by the experimental FTIR peak, is 1222 cm™. The
prominent XRD peak for lignin is 21.98°, and the average domain size is 32.5 A. The synthesis
lignin of our present work is observed by Fluorescence Spectrophotometer and is active in blue
color under purple excitation light (380 nm.).
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