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Abstract

Aluminium doped Zn0 (AZO) thin films have been synthesized by using a sol-
gel spin coating method. The effect of Al-doping on physicochemical and NO; sensing
properties of the AZO thin films were studied. The structural and compositional
analysis confirms the phase formation of ZnO and substitution of aluminium atoms into
zinc oxide lattice. The gas sensing performance of AZO thin films investigated at

different operational temperatures towards NO; gas. The NO; sensing study reveals that

the 2 at% AZO film sensor shows excellent gas sensing characteristics at 200°C.,

Keywords: NO; gas; Selectivity; Sensors; Reproducibility; Thin films.
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L. Introduction

MNormally the resistance of a sensor based on oxide material film varies in the
environment of various oxidizing or reducing gases. Because of that, oxide films gained
an additional attraction towards gas detection application in a sensor field [1]. In various
oxides materials, zinc oxide (ZnQ) is a graceful material due to its morphological
diversity, higher sensitivity, selectivity with very good durability towards detection of
various noxious and volatile gases [2]. Several synthesis methods used for deposition of
ZnO films such as sol-gel, CBD, RF magnetron sputtering, PLD, spray pyrolysis,
SILAR, and hydrothermal method [3-10]. The economical sol-gel spin coating method
used in this work. The process in sol-gel spin coating method is straightforward and the
deposition takes place at a room temperature. The sensors based on zinc oxide have
been broadly studied to detect various noxious and volatile gases viz. methanol, ethanol,
acetone, Ha, LPG, NH;, CO, H:5, and NO; [11-18]. Using an appropriate dopant
material in ZnO like Al, Co, Sn, Ru, In, Cu, Fe, Ga etc. improves sensors gas detection
capability [19]. The dopant material creates various electronic defects in sensor films,
which improve the effect of partial pressure of oxygen species on sensor conductivity
[20]. The doped aluminium plays a crucial role in zinc oxide film based gas sensors.
Because, doped Al enhances the gas sensing characteristics by varying the ZnO energy
band structure and amplifies the interaction of gas molecules on the sensor surface by
enhancing the surface-volume ratio of sensor film [21].

NO, is a very noxious gas, mostly generated from various anthropogenic and
natural sources; such as volcanic activity, plants, heaters, combustion engines, furnaces

and generation of electricity [22]. NO; gas is one of the highly noxious and injurious at
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Accordingly, the synthesis of a sensor to detect NO, gas molecules at a lower level
concentration with excellent gas sensing characteristics are required [23].

MNowadays, studies conducted to improve the properties of films by modifying
the structural, electrical, optical, development of defects and enhanced gas sensing by
doping different metal elements in ZnO thin films. For detection of different noxious
gases, various researchers studied pure and doped ZnO thin film based sensors [25]. It is
well known that the very less amount of doping of Al atoms in the ZnO film will
modify the electrical conductivity [25]. Therefore, we attempt to prepare Al-doped ZnO
(AZO) thin films for detection of NO, gas molecules at a lower level concentration. We
reported on the very much selective and sensitive AZQ sensor film towards NO,,
prepared by an uncomplicated sol-gel spin coating method. The difference in a
physicochemical and NO:; gas detection characteristics because of the aluminium

doping are investigated as a function of doping concentration (04 at%a).

2. Experimental procedure

The Zn0O thin film was deposited by a sol-gel spin coating method on a gl
substrate, as reported previously [24]. Similarly, synthesis AZO thin films were don
1-4 at% (atomic weight %) doping concentration. Then the prepared thin films annﬂaled.- S
in air ambient at 400°C for 2 h. Thus, in this study, we attempt to improve structural and
marphological properties to enhance NO; sensing performance by doping Al in Zn0O
thin films.

The following characterizations tools used for investigation physicochemical

properties: XRD (Bruker D2 phaser), XPS (XPSPHI, 5000 Versa Probe II USA),
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FESEM (Zeiss Ultra, 55 FE-SEM), HRTEM (Tecnai G2 F30, FEI), Bruker Dektakxt
profilometer used to measure thickness of AZO films.

The gas detection studies of synthesized AZO films based on the difference in
resistance, in analyte test gas ambient, the resistance of sensor was measured and
recorded in air ambient and existences of NO; gas molecules by using a locally
designed two-probe gas sensing unit connected to the Keithley electrometer 6514 model
USA. For NO; sensing studies, the sensor film placed in the sealed test chamber and the
analyte test gas inserted in the test chamber of a sensing unit at 100-300°C operational
temperature range. The sensor resistance in the absence (R,) and in the occurrence of
analyte test gas (R,) measured and recorded to determine the gas response R, defined as

follows: R; = R,/ R,.

3. Results and discussion

The XRD patterns of the AZO films in the 20 range of 10 — 90" shows in Fig. 1.
The patterns show well-defined and aculeate peaks, all diffraction peaks and lattice
_ parameters are in fine arrangement with a wurtzite structure (JCPDS card No. 01-079-
0205). No other extra peaks detected, which ascribed to the impurities, which
accentuate the higher degree of purity with a phase of the as-synthesized AZO thin
films. The (0 0 2) plane peak intensity is enormous than the other peaks, which shows
that the AZO films oriented along c-axis and grown precisely with the (0 0 2) plane,
which suggests an excellent quality of films and nonexistence of a secondary phase
formation in the AZO films [19]. The (0 0 2) plane peak intensity increases with
increasing aluminium doping concentrations (0-2 at%), but after that reduces for higher

aluminium doping concentrations level (3-4 at%). The variation in (0 0 2) plane peak
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intensity confirms the incorporation of Al atoms into Zn0 lattice, without changing
their wurtzite structure in accordance with the earlier studies [25]. XRD peaks
intensities decreases at higher Al-doping concentration because of the defect states
generated by Al dopant atoms. The crystallite size is calculated by using a Debye-
Scherrer formula [26]. The average crystallite size and lattice constant of AZO thin
films from the XRD pattern represented in Table no.l. From XRD study, no
considerable variation in the crystallite size is observed in AZO films.

The compositional and wvalence states of elements on the surface of the
synthesized AZO thin films examine by using an XPS spectroscopy. XPS survey scan
spectrum of AZO thin films represented in Fig. 2 (a), which confirms the existences of
Zn, Al, O and C elemental species in synthesized films, which displays the high degree
of purity of synthesized films. The impurity peaks are not observed attributed to other
elements in synthesized films. The C 15 peak used as a reference in the XPS spectrum
of binding energy 283.26 eV [27]. A very small shifting for Zn and O elements peak
positions are observed due to the Al-doping, which reveals the unchanged Zn chemical
state after Al-doping. Standard [28] and detected peak positions of different elements

existed in dissimilar structures of synthesized films are tabulate in Table 2. The values

in Table 2 confirm the existed elements peak positions are in fine-agreement with
past reported values [28]. Fig. 2 (b) shows the Zn 2p narrow scan spectrum. Th
2psn and Zn 2py; splitting of the Zn 2p doublet are 23.01 eV, 23.10 eV, 23.15eV, 2
eV, 23.03 eV observed for 04 at% AZO films respectively [28] and validates the
oxidized state of Zn element. The 2p peak intensity rises with increasing Al-doping

concentration up to the 2 at% and then reduces at higher 3-4 at% Al-doping
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concentration. The incorporation of Al atoms into ZnO lattice is effectual up to 2 at%
but at higher doping levels, Al atoms remain as a defect levels [29].

The O 1s peaks of AZO thin films represented in Fig.2 (¢). The O 1s peak of
B.E. centres at 529.81 eV, 530,15 eV, 530.04 eV, 530.02 eV and 529.98 eV for 0-4 at%
AZO film, respectively. The centre of peaks at 530 eV corresponds to the oxygen
species at O 1s core level and Zn™" ions of the ZnO [29, 30]. Fig. 2 (d) shows the narrow
scan of Al 2p. The B.E of a peak at about 73 eV attributed to Al 2p, which confirms the
incorporation of Al atoms into ZnO lattice [31]. The Al 2p peaks intensity increases
with increasing Al-doping from 1 to 4 at%. The variation in peak intensity and position
in XRD pattern and in XPS spectra with Al-doping are observed, which confirms the
doping of Al atoms into Zn0 lattice,

Fig. 3 shows the FESEM images of AZO thin films. The morphology of films
examined from 2-D FESEM images; it shown that the synthesized films are made-up of
consistent spherical crystallites with a number of pores. The synthesized films with
porous characteristic consisting of AZO nanoparticles in ~35 nm diameters range. The
porous structured surface morphology offers a superior sensing area for the diffusion of
test gas molecules, which enhances the rate of reaction among the gas molecules and
sensor surface, which enhance the sensitivity of the sensor [32]. The existences of
doping atoms in a host material modify the relative energy of the crystal faces;
therefore, observe the variation in a host material morphology [33]. The substitution of
Al atoms for Zn sites increases the nucleation sites on the surface of substrate [24, 34].

The slightly difference in surface morphology of AZO films are observed. The FESEM
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nanocrystallites in 2 at% AZO film enhances the sensing surface area of sensor film
than the other AZO films, which is excellent for gas detection [35].

Fig. 4 represents the TEM, HRTEM and SAED images of the pure and 2 at%
AZQ crystallites with well-resolved lattice fringes and crystalline nature. The TEM
images [Fig, 4 (a, b, d, and ¢)] shows spherical shaped crystallites aggregated with
smaller crystallites, which creates various diffusion sites for gas adsorption, Fig. 4 (d
and e) reveals the crystallites shape remains unchanged after Al-doping. Fig. 4 (¢ and f)
represents the HRTEM images of the ZnO and 2 at% AZO crystallites, which shows
clear and sharp lattice fringes. The interplanar spacing (d) among the two parallel
fringes is around 0.26 nm for both ZnO and 2 at% AZO crystallites and similar to the
interplanar spacing (d) value determined from the XRD analysis for (0 0 2) plane. Inset
of Fig. 4 (b and e) represents SAED pattern of pure and 2 at% AZO crystallites. The
intense diffraction spots exhibit the high-degree of ZnO and AZO crystallites with
wurtzite structure. These intense spots arranged in six concentric rings attributed to the
plane found in XRD analysis, which confirms the wurtzite structure of crystallites in
synthesized films.

The electrical conductivity study of synthesized AZO films performed at 300-

573K temperature range by using a two-probe method. The variati
.3-(.1-‘-'::“‘-‘ ..
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reveals the semiconducting behavior of AZO films [36]. The plot of In n\frcﬁus,

i
T
for AZO films represents in the inset of Fig.5. The activation energy calculated from the

slope of the In o versus 1000/T curve using the following formula:

6 = o,exp(-E4/KT) (1)
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Where, E, = activation energy, o, = proportionality constant, K = Bollzmann constant
and T = temperature [37]. The activation energy of synthesized AZO thin films has been
reduces with increasing Al-doping concentration from 0.45 eV to 0.39 eV. The
activation energy of AZO films reveals the excitation of thermally activated electrons
from donor levels to the conduction band, due to amplified temperature [38].

The NO; sensing studies of AZO thin films examined as a function of analyte
test gas concentration with respect to the time. To find out the optimized operational
temperature of sensor film, NO: sensing studies performed at 100-300°C temperatures
range at a fixed gas concentration (100 ppm). Inset of the Fig. 6 represents the NO;
response of AZO films at 100 ppm gas concentration in the temperatures range of 100-
300°C. The 2 at% AZO film shows an enhanced NO; response at 200°C than the other
films. Inset of the Fig. 6 shows the AZO films gas response is staidly enhances up to
200°C and reduces at higher (=200°C) temperature. At lower (<200°C) temperature the
sensor response is less due to a slow rate of chemical reaction (adsorption and
desorption) among the sensor surface and test gas. But, at higher (=200°C) temperature
sensor response is less because the elevated rate of desorption reaction than the rate of
adsorption reaction of test gas molecules with the sensing layer. At optimum
temperature (200°C) the rate of adsorption and desorption reactions become equivalent,
then sensor shows highest NO; response [39]. The 200°C working temperature is
beneficial because the warm-up time require for a sensor is small and it decreases drift
in the signals that takes place because of conversion of small grains to the large grains
upon constant heating of the sensor [40]. The response curves of the AZO thin films

towards NO; gas at_100. ppm concentration at 200°C represented in the Fig. 6. Among
e

them, 2 at% ows an elevated response that’s why 2 at% Al-doping

! 8
Signatur,

SHAHA
MEHAB

Verified
N
MANER

Document'Sertified




concentration consider as optimum doping level. The NO; response enhances with
increasing concentration of Al-doping up to 2 at% and then reduces at higher Al-doping
concentration. This is because of the cluster of small nanocrystallites in 2 at% AZO film
as observed in FESEM study, which increases sensing surface arca of sensor film. So, for
further investigation of response of 2 at% AZO film towards various NO; gas
concentrations are measured and recorded at 200°C.

The 2 at% AZO sensor response towards various gas concentrations measured to
find out the smaller amount of sensing limit towards NO gas. The difference in the
sensor resistance in the ambient of NO; gas molecules measured and recorded at 200°C
towards 5-100 ppm concentration. Fig.7 shows the resistance of sensor rises from the
initial resistance after NO, exposure and attains the highest value in a very short time
and after that gradually reduces after introduce the fresh air. The variation in resistance
of sensor film is as a result of the reactions among the analyte test gas molecules and
porous sensing layer of sensor. Fig. 8 shows the 2 at% AZO sensor response towards

different NO; concentration at 200°C, which indicates that the 2 at% AZO sensor

analogous performance for higher (=5 ppm) concentrations. The 2 at% /A (@ .seuﬁ'.'l-:.:r":iﬂ;j\
(gl & 12

response enhanced from 5.0 to 18.5 for 5 ppm to 100 ppm NO; gas, res{'ect_hrelgg-:’rhe J £l
o ] R of
; b

least sensing limit of NO; gas molecules accomplished for 5 ppm but u"shuws_;ﬂ;e :
lowest gas response. At lower concentration level test gas molecules covers very less
sensing area on a sensing layer causes very slow chemical reaction rate on a sensor
surface. But at higher NO; gas molecules (100 ppm) concentration it shows the highest
response because at higher concentration level test gas molecules covers the more

sensing area on sensing layer then the rate of a chemical reaction is enhances [39]. The
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observed NO; sensing characteristics compared with other sensors synthesized by
various methods, shown in Table 3.

The sensing mechanism of sensor materials involves two key reactions:
adsorption and desorption of O, O and O species on a sensing layer of sensor. The
absorbed oxygen species trap the electrons from the conductance band plays a vital role
in gas detection [41], because these reactions causes a variation in the sensor resistance
[42]. Inset of the Fig. 8 shows the variation in response/recovery time of 2 at%s AZO
sensor with various gas concentrations. The response/recovery times calculated from the
variation in gas response with time towards 5-100 ppm concentration. From the
figure, both terms vary contrariwise with a concentration of NO; gas molecules. The
response time reduces from 14 to 8 s but recovery time goes up from 90 to 121 s
towards 5 ppm to 100 ppm NO; gas. The response time reduces because of the various
empty sites on the sensor layer for the gas adsorption and the amplification in recovery
time because of the chemisorption of various oxygen species on the sensor layer and it
wants an extensive period intended for total desorption of gas molecules. For
{:urlwenient dependability of a sensor material is depends on the reproducibility showed
by I_he sensor. The reproducibility property of 2 at% AZO sensoris examined by
performing sensing test for four times at 200°C at constant NO; (100 ppm)
concentration, Fig.9 revealed that the response of the 2 at% AZO sensor towards NO;
gas is constant for each sensing test, which confirms the reproducibility of sensor
material. The selectivity of 2 at% AZO sensor investigated at 200°C, towards various
analyte gases viz. NHis, CH:OH, LPG, C;HsOH, H,S, Cl; and NO; at a constant

Fig

F‘..': :. d :HLI

concentration (100 pp reveals that the 2 at% AZO sensor film is selective

with highest gas r é.ﬂ;}r Nh{}; n the different analyle test gases, attributed to the
Ez =
g »
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superior reactivity of NO; gas molecules with the sensor surface [24]. Selectivity
coefficient (K) of NO: gas regarding other gases calculated by using the following
relation and represented in Table 4.
K = [S4/S| (2)

Where, S, = NO; response and Sy, = response towards other gases, Table 5 reveals the
NO; response of 2 at% AZO sensor film is the 4.8-18.3 times higher than the other
gases for equivalent gas concentration. A higher selectivity and response towards NO;
in the existences of various gases recommends utilization of 2 at% AZO sensor material

for NO; detection,

4. Conclusions
Aluminium doped zine oxide (AZO) thin films effectively synthesized by a sol-
gel spin coating method. The doping of a small amount of aluminium (Al) slightly

changes the structural, chemical, morphological and electrical properties of AZO films.

The 2 at% AZO film shows spherical porous structured nanocrystallites ag
small nanocrystallites creates various active sites for adsorption of gas
conductivity study reveals that the activation energy of the AZO
decreases with increasing Al doping concentration. The NO; sensing properti
AZO thin films at different Al-doping concentration carried out at various operational
temperatures. The 2 at% AZO thin film shows the enhanced response towards NO; gas
at 200°C. From gas sensing performance of synthesized films, it is concluded that, the 2
at% AZO thin film having excellent NO; sensing characteristics such as higher gas
response (18.5), fast response/recovery times, admirable reproducibility at 200°C and

also capable to sense lower concentration (5 ppm) with a good response value, These
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results indicate that the 2 at% AZO thin film can stand as an excellent sensing material

for NO: detection.
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Figure captions

Figure | XRD pattern of AZO thin films.

Figure 2 (a) Survey scan (b) narrow scan of Zn 2p doublet (c) narrow scan O 1s core
level (d) narrow scan of Al 2p core level of AZO thin films.

Figure 3 FESEM images for AZO thin films: (a) Zn0O, (b) 1 at% AZO and (c) 2 at%
AZO (d) 3 at% AZO (e) 4 at% AZO.

Figure 4 TEM, HRTEM and SAED images of ZnO and 2 at% AZO thin film,

Figure 5 Plot of de-conductivity with temperature and inset shows Ino versus 1000/T of
AZO thin films.

Figure 6 Response of AZO thin films at 200°C and inset shows response at different
operating temperature.

Figure 7 Electrical response of 2 at% AZO sensor film with time towards NO2 gas.
Figure 8 Dynamic gas response and inset shows response/recovery time of 2 at% AZO
sensor film.

Figure 9 Reproducibility of 2 at% AZO sensor film.

Figure 10 Selectivity studies of 2 at% AZO thin film.

Table caption

Table 1 Values of various parameters calculated from XRD.

Table 2 The B. E. positions of the element present in different structures of ZnQ.
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Research highlights

# Effect of Al doping on NO; gas sensing properties of Zn0 thin films is studied.
= XPS study reveals the substitution of Al atoms into ZnO lattice,

» The 2 at% AZO thin film detects 5 ppm NO; concentration at 200°C.
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ABSTRACT

ay per their needs but not exploited on a large scale.

Introduction

It is the fact that over 70-80% of the
world population depends on the crude plant
drugs to get rid of ther health aliments. An
Indian material Medica includes about 2000
drugs of natural origin derived from different
traditional systems and folklore medicines’ while
in modern medicines over 130 drugs originally

extracted from higher plants. In last few decades,
fipew #rends of 'Herbal Drugs’' from medicinal
plantshas becoming more prominently apparent™
MNow days it has been estimated that the present
global market is going at the rate of 20%
annually'. Here the concept of Ayurveda begin
and flourish between 2500-500 BC in India. The
use of medicinal plants were documented in old
literature half majority of them are found in Rig-
Veda and Athervveda and also in Charakasanhita
(900 BC), Sushruta Samhita (600 BC) and
Ashtang Hridaya (700 AD). Thus Ayurveda now
has become scientifically organized,

India is a store house of medicinal
plants and there are some 1250 Indian medicinal
plants®. Survey of Kolhapur district shows 600
plant species of some therapeutic value. Oul of
them some important medicinal plants are found
in the forest Narande hills. Narande hills are a
holy place for Hindu temple in hilly region of
Hatkangale Tahsil. It is situated at 16°45N,

A
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© An attempt has been made for survey and Bigdiversity of medicinal Planis in religions holy plac
“Narande" hills, it is famous for “Nagoba” temple. It is located 3 Kim. Away from Hatkangale Tahsil, These
have great significance in wilization of wild resources of medicinal plants. During the study of biodiversi
survey, thirty plants assessed by Quadrate method. These are found to have Medicinal values as remedy for diff
health problem by local people. It is revealed that, these wild resources (medicinal planis) are wiilized by local p.

Heywords: Biodiversity, Narande hills, medicinal plants, Assessment,

74’22 E and at altitude 773 m. The vegetati
dry deciduous®. Narande is the part and parc
Sahayadri ranges. The biodiversity of Nar
hills show different medicinal plants in the

of herbs, shrubs, trees and climbers,

The common medicinal plants are ass:
in this area like as Plumbago zeplanic
(floriosa sauperba L., Discoriea bulbiflor
Borrhavia diffusa L., Viex negundo, L
procumbens, Lantana camara L. Termi
avjuna,  Clerodendrum  servatum, G
tifigefolia etc.

Material and Method

The assessment of medicinal plants st
with the help of a Quadrat method. The shs
Quadrat is usually square. The size of O
varies with the type of vegetation to be su
The Quadrate of 10 m by 10 n size an
randomly at three differ rent places and §
are recorded with their number in each, The
species are identified by using sw
literature®, The abundance, density, freq
and frequency percentage of each speci
determined by using the standard methods.
use the Standard methods®. The herb
specimens are maintained in the ¢
department by following routine herb
technigues, :
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ABSTRAC T B

Textura Frofile Analysis (TEA) is a well doveloped and reiable method for measuring firmness of fruits and dehydrated products. In the presont
investigalion, an atiempt has been made o sludy lexture predilc of raising of Sonaka and Thompson seedless treatcd with MgCO,, K2C0,5, Calos and
Sulphur and coated with Zein protein. Resulls indicated that hardneas of raising of both varieties was increasad due 1o Zein protein coating and suphur
freatment. The adhesiveness of sulphur realed and Zein coaled raising was reduced in Thompson seedless vascly, The raising of Sonaka and
Thompson soedloss varety had the least cohesiveness uncor sulphur, Zein protein coating indicated that bath tfreatments improved durability of and
deformaton of ralsing dunng post hanest slorage. From theso resulls it s concluded that application of sulphur and Zein protein coating an raising of
Sonaka ari Thompson seedless is benaficial for maintenance of cverall iexture of raising during storage and transport,

Keywords: Haising, Sonaka, Sulphur, Thompson seedlcss 114, Zein protein

Citatlon: Patil, v.A. and Nalk v.N. 2018, Testure prolic analysis of sonaka and thompson seediess raising. Joumal of Fasthanvest
Technology, B(4): 75-81

INTRODUCTION

Grape { Vilis windfera L) belonging to family Vitacese (s a commercially important fruit crop of India. Grapes are ealen as raw or
they can be used for making wing, raising, jam, and jcliy. which are very nutritious and rich source of minerals like patassium
phosphorus, calcium, magnesium and other micronutiients and different vitamins. The dried grapes. commonly known as raisins,
have a great importance in economy of the country and considered as one of the nutritious most popular dry fruits in the world,
Raigins are dricd fruits of cerain varielies of grapevines with a high content of sugar and solid flash (Khair and Shah, 2005). The
important raisin grape varielies are Thompsoen seedloss and their selections like Tas-A-Ganesh, Sonaka and Manikchaman. The
increasod production of lable grapes has & great polenhal to produce raising with minimum losses of fresh fruts (Telis el al,
2004),

Texiure profile analyses (TPA) is a well developed and reliable method for measuring firmness of fruits and dehydrated producls
{Harker at al. 2008} and has been utilized for measuing the physical properties of plant tissue {Bourne, 2002 and Roudaol, 2006)
mostly from wide range of food and vegetables (Chang et al, 2012, Kulamarva et al., 2009 and Cardoso et al., 2009). TRA
provides sensory signals to consumers (Civille, #0710 and thues it stands as one of the measuras in the food chain used to
estimato the quality of different cultivars al techneloo cal npeness and during storage (Pacletti et al.,, 1993 and Johnston el al,,
2000).

":'ﬁﬁ'r"&armspdf}ddnmﬂ. W, Naik fLmail:ww_m.lg-gmﬁ -




~

"}q KAp o

_Na_llh_:_p_q:;l_fg_t_ll {Texture profile analysis of gonaka and [hompson seedlass raising

In the present investigation, an attempl has been made to study texture profile of raisins of Sonaka and Thompson seedless
ireated with MgGOa, KzCOs, CaC0y and Sulphur and coated with Zein protoin, Present study may be beneficial to farmers far

post harvest slorage of raising
MATERIALS AND METHODS
Raw Martial

The grapes of twa vareties viz. Sonaka and Thompson seadless were harvested at Malgaon (Tahsil- Miraj, District- Sangli,
Maharashira, India) when they were fully ripened, having sugar percentage mare than 21° brix, It requirad nearly 120 1o 150 days for
harvesting the grapes for raisin preparation. For raisin preparation, grapes ware harvested early in the morning and traated with

diffarent chemicals as follows:

MgCO., CaCo; and KOO8 were taken in different concentrations of 10, 15, 70, 22, 23, 24, 25, 26 and 30 mgliter in buckets and
after sliring and dissolving the chemicals, 18 ml alive ail were mixed. A dipping oil ethyl cleate was kept constant 18 miflitar of water
in all pre-traatment chemical samples.

Texture profile analysis (TPA)

Texiure Profile Analysis was camied out to determine the quality of raisins pretreated with diffarent troatments. Single treated raisin
had boen used for the texture profile analysis. For the estimation of texture quality, instrument called TA-XTZ Plus, Texturae Analyser,
made by Stable Micro System, Londen had baen utilized. The settings uscd for the analysis was: Pre Test Speed- 1.00 mmisec,
Tast spoed - 500 mmisec, Post Test Speed- 5.00 mmisec, Targel Mode S'rain at 40%. Test lime- 5 sac, Probe - P75 mm
Compression Platen and Data Acquisition Rate; 200 pps (parls per sec)

RESULTS AND DISCUSSION

Texture Profile Analysis

The texture profile analysis of Sonaka and Thompsaon soedlazs raising is shown in the Table 1. Itis noticed (hal the hardness
of Sonaka seedless raisin is less than that of Thempson soedless raisins ioated with MgCOs, K2GOs and CaGOs While, the
raisins treated with Sulphur and coated with Zein protein shows remarkable increase in the hardness of Sonaka than the
Thompseon seadless raisins. It is also noticad that the hardness of, Sulphur and coated with Zein protein raising is significantly

increased than uncoated raisins.

It is elzar from Table 1 that the adhesiveness of, Sulphur and Zein protein coaled raisins of Thompson seediess variety has
been significantly decreased than the ireated control raisins. While, in case of raisins of Sonaka variely adhesiveness is
slightly altered. The springiness of raisins of Sonaka and Thompson seadicss variety is almost similar and due lo the Sulphur
and Zein protzin coaling the springiness of raizing remains unchangad or slightly altered (Table 1). The cohesiveness of
raizins of Sonaka and Thompson seedless variety is significantly decreased in, Sulphur and Zein protein coatad raising than

tha controlled raising (Table 1),

Itis evident from Table 2 that the gumminess of raisins of Thompson seadless varety is slightly decreased due to Sulphur and
Zein protain coating treatment than the control. while, the raising of Sonaka scedless varigty shows increase in the gqumMMminess
due to pretreatment with | Sulphur and Zein protein coated than the contiol ralsine. The chewiness of both the varielies of

d Thomsan seedless raising has been glavated due to, Sulphur and Zain protein coating pretraatment than the
i
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Nalk and Patil (Texture profilc analysis iﬂa@_gr\d Ihompson seedless raisins)

control pretreatment (Table 1) while the resilience of Sonzka and Thompson seedless variety raisins is slightly decreased due
to the pratreatment of, Sulphur and Zein prolein cosing than the contrel pretreatment (Takle 1)

Table 1. Texture Profile Analysis of raisins of Sonaka and Thompson seedless under different chemical treatments,

Test  Forced o Erir:: I'f“."ﬂ'lfé l':fr”’;n . d|T1!1'r.“::.E H':‘:"" *T:BI Springl Eﬁ;’f Gummi-  Chowl-  Resill
[n] ] 1:2 1:2 : ness NEss noss ineas enee
pags - oagh. oRT  OFE WS W B il
A qaazas 0% geer 20044 5063 141a1 0B84 12831 064 089 0.7 98502 BSR40 033
so. wam P ooss  s3e3  1so7  seess 0y o086 029 pOoI 002 2I743 280 DOYE
cv 2235 77 qaa7 2832 za78 204 16BB 22448 4502 442 369 23815 2500 1084
';* 45406 6079 D648 7982 1942  SL01 0734 B0A2T 0947 144 D7z 36648 5276 0.9
so.  3mse S oo 49183 a2 30013 028 42229 ) 044 0O74 32889 68844 D062
C.v 85505 531;;':'3 5218 61512  TEA3  Bi24 3N BA742 A 3863 1018 B93Z 12686 2066
A vsas T as23 19684 BBE6 13040 0400 12000 046 D78 0GB BS0.51  GB4.0T 0244
SO, 20882 3827 0014  A4BS2  S012 26084 0023 24100 0088 0028 0026 13387 9956 0023
€.V 18103 2295 2782 226 2336 2007 5584 1882 -19.472 385 3804 15783 1499 9328
TPA gagr  'PT gess  qevss 3182 12201 043 98926 063 077 065 64388 40705 0.208
80 4033  TIS7 0049 4807 2405 8 0028 55083 0472 004 0O0S8 5648 4323 0028
(s T} 4012 4535 @863 2862 P ] G.578 5,659 -105.93 515 B.E4G BTTS 8,69 12,601
T';“ 1320.58 ”é’f’ 0608 3TA0  S1T3  deped D438 J8EEE 033 072 054 TBEI9 BABI4 D23
sp. e T goes  zam 2851 4 pogd4 95584 OASB 0422 046 2W132 1482 DO4s
GV, 4883 4B 1125 6T0e1  S124 3006 19233 67733 5BS4 1687 2046 3322 21: 2087
TRA  aases '3 e wasas 3187 w000 9421 70181 473 174 0708 48333 T6BOE  0.283
5.0, 25257 4442 0073 EETI 1147 320 1074 20004 : 161 007 16348 &812 D08
€V 4011 3940 1183 38317 0808 3100 05748 41322 : gp8s 98 23833 7857 G4m
TF;'“' 131393 29:-4 0718 34903 56854 19968 0548 15138 0.8 0.76 058 #9179 GBS 0707
S0 1901 704 0051  7L7IF 4445 1194 0028 88289 023 0031 0104 18808 18145 007D
cv 0058 26 TA44 20853 7862  §59 5185 6550 12742 ADdB  ITT5 22212 2642 347
A eszas M8 oses 4328 eest 2047 0ae b LR T 078 056 100442 85417  0.492
SO, 365 6370 005 797M1 1618 506 0046 030 043 0033 0038 34264 243B3 001
GV 7638 1838 8438 18005 28 m a753 25750 8044 424 BE1 31308 254 GEs3

§.0. - Standard Deviation; €.V, = Coefflicient of Variance, TPA-1: Thampson seedless treated with MgCO,; TPA-2: Sonaka serdiess troated
with MgCOs, TPA-3: Thompson seedless trealod with .00, TPA-4: Sonaka seedless treated with KCO5; TPA-S: Thompson scodicss
reated with CaCOy; TPA-B: Sonaka seadless treated wilh a0y TPA-T: Thompson secdiess treated with K;COy+Sulpher Fumigated and
coaled; TPA-B: Sonaka seedless treated with K-CO4+Sulpber Fumigated and coated.

According to Civil'a (2011), the mechanical properlic s viz, hardness, cohesivenass, cfispness, crunchiness and denseness of
food are easy indicators of a product's freshness and whaolesomeness. Texture profile parameters determined were as follows
- firmness, cohesiveness, adhesiveness and chewincss (Besbes et al., 2008). In this respect, thera has been a greal interast
in devaloping mathods to predict and control the towure of the food, particularly in regard to the effects of processing like
drying. According to Alvarez st al. (2002), it invalves he puncture test method that is mare linked to the skin texture indicating
that fruit skin plays a great part in the overall firmross (Grotte et al, 2001). The analysis of the instrumental texture profile

J. Posiharvest Technol., 2018, 06(4). 75-81
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analysis (TPA) is one of the methods for determining the texture of food by simulation or imitaticr of repeated Biting or
chewing food (Almeida, 2013). Instrumental TPA or double compressian 'ost was based on the analysis of each Intact berry,
wihich was compressad twice with a 25% deformation 25 apart, in racipros aling mation imitating the action of the jaw (Maury et
al.. 2009) Textural properties of whole berry depend on different characiznstics like cell - wall composition, cell structure and
pulp turgescance, and therefore this mechanical test can be useful to follcw grape npening (Maigne el al., 2008).

Lataief ot al, {2008) designated berry chewiness to be a dominant texiur naramater in differentiating |talian varieties of grape,
A sigrificant varietal effect was observed for berry hardness, gummnoss pringiness, chewiness and resilienca on Maranzao
varicties (Segade et al., 2011). Mechanical texture parameters wore able o show the differences betwaen grapes wilh
different ripening levels (Maury et al., 2009). Marsilio et al. (2000) =p sulated that the textural properies as well as the
appearance and flavor are the most influential organoleptic attributes for quality, which indicales the accaptability of food by
consumers. The complex interactions betwean different components ot e food resulted in the development of texture and the
changas related with the texture of food during food processing are dus 1o the structural changes in the cell (Marsilio at al.,
2000)

pceording to Caine et al. (2003}, hardness is the force required ta compress a food between the teeth or betwaen the tongua
and mouth, i.e. ihe force required to cause deformation, while the elasticily is the ability to regain shape after compression,
and moasures the speed of return to the initial state after remaval of tho force which caused the deformation, Thay noficed that
the elasticity value decreases with increasing temperature. The raisine ~blained by solar drying are less elastic than those

abtained by drying in a ventilated oven at 50°C and in turn less alastin han the grapes dried at 60°C. The resulls in the
present study are in agresment with those obtained by Caine et al. (2003 The cohesiveness reprosants the internal forces in
the food. and maintains the sample cohesive {Caine et al., 2003}, Thav [nund that the resulls for the samples trom the solar
greenhouse and from the venfilated chamber at §0°C were similar, while the grapes dried at BO"C wera less cohasive.
Resiiancy 5 the strain energy per unit volume 1o a limit of proportinnality, ie, the energy used when applying a force to a
material withaut to accurring rupture, with or without any residual slrain (Caine ef al, 2003). The chewinass maasures the
anargy required to disintegrate a food as to be swallowed (Caine el al . 2003), and these rasults are derivad diractly from tha
fact that these grapes have a higher hardness than the athars. The machanical charactaristic of taxture, which is commaonly
used to describe the theological behavior of biclogical malerials, is the Firmness {or hardnass) and is generally defined as the

maximum force required to achieve a specific strain in compressien, punciure and cut tasts (Peleg, 2006). The [act that the
grealer force in the longitudinal direction may be due to the lacation of the polysaccharide chains of the cell wall with respect to
the load application as suggested by Mayor et al. (2007). The several investigatars (Wan Linden V. 2007, Toivonen and
Brummell 7008 and Goulao and Olivaira, 2008) have reported as frull fiponess that progresses, watar less ccours, which is
associated with a loss of wrgor of the calls, a decrease in adhesion betwoon cells and changes in cell wall polysacchardes,.

In the present investigation the various parameters of texture were positively influenced due o pretreatments of chamicals and
toating. The hardness of Zein protein coated raisins was increased thar that of control. Thus, the increased hardnass of
raisins will improve the marked quality and durability of raisins due 1o the o coating and sulphur treatment.

The adhesiveness of sulphur treated and Zein coated raising was reduced in the raisins of Thompsen seadlass variety. The
decreased or low adhesiveness is an important property of dehydrated fruil which maintains the shelf life of raisins during post
harvest storage of raisins thus the application of Zein coating is found 1o ba baneficial for maintaining this textural property of

this rarsing,
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Nalk and Patil (Texture problc snalysis of sonaka and thompson seedless raising)

The springiness of raisins of Sonaka and Thompson socdiess variety was slightly altered or almost unchanged which indicale
that the stability of raisins due to varous pretrcatnont resulls in the better quality of raisins. Thus the maintenance of
springinass thought, the treatment resuls in the mairienance of its normal size after compression pressure during the storage
and transport. This will improve the markel qualily a0 scoeptability of raising by consumer

The raising of Sonaka and Thompson seedless varely had the least cohesiveness of sulphur, Zein protein coaled, raising
which was slightly lowered thus the mantenance of less cohesiveness during the course of its slorage indicates ils
maintenance of texiure after second deformation. Thus it can improve the overall durability and deformation of raisins during

post harvest storage

The slight change in gumminess of Thompson scoidicss raising than in Sonaka seedless raisins was noliced which indicate
that the elevation in gumminess of semisclid raisins 1= clated to its hardness hence these changes in gumminess is carrelated
with the hardness of these to raiging varietios. Thus lhis will definitely improves the overall storage and durability of this

perishable product. The chewiness is property of solia preduct calculated with springiness and gurmmingss thus the shght
changes in chawiness of raising of Sonaka and 11ompsen seedless variety indicates positive influence of prelreatment on

quality and consumer acceptability of raisins

The resilience is maasure of the single peak comproszion obtained after withdraw of first compresson. In the present study,
less resilicnca of raising in thase two veritics was nolood which will be found bencficial for maintainee of overall texture of the

raising during storage and transport

CONCLUSION

Considering the sensery evaluation, nutritive value =0 ohysio-chemical changes during slerage the ireatment combination T:
that is 1 1.25 pulp to sugar ratio of strawberry jar could be selected for commercial processing. Afier 8 months of storage
under roam temperature, the quality and the nutritenal changes of strawberry jam was found satisfactory. For this regards il
was concluded that strawberry jam may be stored vp (0 6 months at room temperature,
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Abstract

The names fpomoea clarkel Hook T, and /. barferiaides (Choisy) Benth. ex C.B. Clarke are lectotypified,

Keywords: Convolvulaceae, pomoea barferioides, ipamoea clarkei, lectotypification

Introduction

The genus fponmoen L. is one of the dominant genera
in the family Convolvulaceae with ¢ 60 species
distributed in tropical and warm temperate regions
of the world (Mabberley, 2017). Aboul 63 species
are known from India (Shimpale ¢t al., 2014). In the
course of taxonomic studies on the genus fpmoea
in India, it has been found that [ clarkel and L
burlerivides are vel to be typified, Hence lectotypes
are selected according to Art 9.3 of ICN (Torland
etal, 2018},

Ipomoea barlericides (Choisy) Benth, ox C.B,
Clarke in Hook.f., Fl. Brit. India 4: 201, 1883,

Anisein barleripides Choisy, Convoly, Orienl. &) 484,
1834,

Lectorype (designated here): INDLA, Uttar Pradesh,
1704, 1814, seoll. Wall. Cat. No. 22561 [B]
(K0D1115497, digital image!}). Syntypes: Sukanagar,
451810, Herlr Hunilton, Wall., Numer. List 2256 B:
K (KDOTT15496, digital image!); Kumaon, =4 R,
Blindzvorth, Wall, Cat. No. 1282 (KOD1112984, digital
image!); Mysore, s.d. Buchanan s.n, (BMOODSTTH5,
digilal image!). Vig. 1

Nole: Choisy (1834) within the protologue of A

barlerioides cited “(V.S. ex Wall,, et FL.Br. Mus)
Hab. Tndia (Gorackpur, Sukanagar, Kamaon,
Mysore)”. The different localities are associated
with the Wall, Numer. List 1382 and 2256, The
collections frn;:m the aforementioned lacalitios are

to be considered as synlypes. We have ulurhun
(KDO1115497) as the lectolype because the specific

epithet *barlerivides’ was first used in Wall,, Numer.
List 2256,
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Fig. 1: Lectotype of ipomoca barlerioides {Choisy) Benth.
ex C.1. Clarke (Wall., Mumer. List 2256: K00111 49!} [
The Geard of Trustees of the Royal Botani \
Reproduced with the consent of the Rope
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50 Lectetypification of two names in the genus Ipomoea

Ipomoea clarkei Hook.f, FL Brit. India 4: 734. 1885.

I, stocksit C.B, Clarke in Hook.f,, Fl. Brit. India 4:
207, 1883, non Clarke (1883; 204).

Lectotype  (designated  here): Malabar, Concan
& ¢ s, Stocks sm (KOO0B30816, digital
image!l). synlype: Malabar, Concan & c., g,
Late s (KOO1081777, digital image!). Fig. 2

Nute: Clarke (1883) published 1. stocksii based on
the eollection of Stocks from Malabar, Clarke
(1883) described a different species with the same
name based on collections by Stocks, Law & . from
Malabar and Concan, Hooker (1885) considered [,
stocksii (1883) as a later homonym and provided
the new name [ clarkei,

T'here are two relevant specimens at K (KO0D330816
and K000330817) of which we have designated
KOO0830816 as the lectotype because the sheet
has annotation by Clarke and malches with
protologue.

= '{Eﬁr e THIET

Fig. 2: Lectotype of |pomoea clarkei Hook .t (Stock s.n.
KOD0B30816} [© The Board of Trustees of the Royal Butanic
Gardens, Kew. Reproduced with the se je Royal

~Botanic Gardéns, Kew]
(R S
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