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Abstract

Aroma is an important quality parameter, which can help in delaying de-
gradative processes and hence understanding the volatile compounds that are
part of an aroma is extremely important. Thus, the aim of this study was to
isolate the volatile compounds present in custard apple (Annona squamosa
L.) pulp by solid-phase microextraction (SPME) technique using 3 different
fibers (DVB/CAR/PDMS, PDMS and PDMS/DVB). An experimental design
was set up to evaluate the best extraction conditions wherein the variables
were extraction temperature (minimum 28°C, maximum 62°C), ionic strength
(minimum 0, maximum 30.0%) and sample concentration (min 1, max
99.0%). The separation of volatiles was achieved in chromatographic columns
of different polarity (polar and non-polar) while identification of volatile
compounds was performed by high resolution gas chromatography system
coupled with mass spectrometry. The results obtained using 3 different fibers
revealed the isolation of 71 compounds with fiber DVB/CAR/PDMS, while
only 30 and 21 compounds were isolated using fibers PDMS/DVB and PDMS,
respectively. The major classes of compounds identified were terpenes, esters,
alcohols and aldehydes. Optimum conditions for obtaining higher number of
volatiles for non-polar column were 45°C for extraction temperature, 15% of
sodium chloride and 50% of pulp amount which resulted in isolation of a
maximum of 78 peaks.
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1. Introduction

The consumption of tropical and subtropical fruits has been growing worldwide
due to their exotic and strong flavor, as well as containing excellent nutritional
sources of sugars, vitamins, minerals and other bioactive compounds (organic
acids, tannins and others) [1] [2] [3].

The custard apple is a delicate fruit of round form, much appreciated for its
pleasant taste and aroma. The fruit contains numerous long, glossy, brown or
black bean like seeds covered by a white and sweet custard like pulp, almost
without acidity, soft, granulated, perfumed and very tasty. It can be consumed
fresh in the form of dessert and is being also used worldwide in large scale as raw
material in the productions of ice cream, juices, dairy drinks, nectar among oth-
er products [4] [5].

[4] [6] [7] [8] [9] analyzed the volatile compounds of custard apple by Simul-
taneous Distillation and Extraction (SDE) and liquid-liquid extraction (LLE).
However, none of these studies used HS-SPME technique for the isolation of
volatiles. The research on the volatile compounds of fruit uses sophisticated and
expensive analytical techniques. Moreover, knowledge of these compounds is
important, because the fruit is appreciated for its taste and fruit processing ge-
nerates aroma losses which alters organoleptic quality of the pulp.

Solid-phase microextraction (SPME) is a green sample preparation technique
that integrates sampling, isolation, and concentration [10]. SPME technique
permits a fast and very attractive extraction for volatile and semi-volatile com-
pounds, being easy to isolate, requiring a small amount of sample, and it has an
added advantage of direct application of analyte on to the GC column through
thermal desorption whereby sample injection remains solvent and contaminants
free [11] [12] [13]. Moreover, SPME offers speed and practicality on the analysis
of authentic chemical constituents of fruit flavor [14].

The SPME technique efficiency depends on the polarity and thickness of the
fiber coating, the extraction time and temperature, the agitation and pH of the
sample solution, the addition of salt to the sample, and on the concentration of
analyte in a sample [15]. Therefore, several studies about fruits and juices have
been dedicated to the optimization of SPME parameters for volatile compounds
isolation from jambolan fruits [16], Korla pear juice [17], soursop pulp [18] [19],
berry [20], and blackberry fruits [21]. Response Surface Methodology (RSM) is a
tool for multivariate optimization commonly used for HS-SPME optimization. It
requires less effort and resources than those involved in univariate procedures,
once fewer experimental runs are needed; hence less time is spent to achieve the
same goal [22] [23].

In relation to published articles about custard apple, there is little work done
in identifying its volatile compounds. However, no work has yet been reported
and none of these used the technique of SPME. Thus, this study was designed to
perform various experiments by varying the extraction parameters, such as use

of different coatings of fiber, varying extraction temperature, ionic strength and
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sample concentration in order to obtain extracts of a large number of volatile
compounds as well as to evaluate their effects on isolation of volatile compounds
from custard apple pulp so that the analytical conditions could be optimized for
determination of volatile constituents of custard apple fruit pulp, emphasizing

on their character impact compounds.

2. Material and Methods
2.1. Sample and Chemical Standards

Custard apple (Annona squamosa L.) fruits were acquired from Central Market,
situated in city of Aracaju (10°54'30.9"S, 37°03'41.0"W) in Northeast region of
Brazil. These fruits were washed with chlorinated water (10 ppm of available
chlorine) at laboratory, followed by washing in running water and later only ripe
fruits were selected for this study. The classification of ripe fruit was based on its
total soluble solids content which was 21.0°Brix, and its titratable acidity value
was 0.3% citric acid. In a blender (Waring blender 70115, Model WF2211214),
the pulp was extracted for 2 min and stored in airtight containers at —18°C. The
pulp was thawed at room temperature (28°C * 3°C) before analysis.

The chemical standards (purity 99.9%), positively identified in this study,
were purchased from Sigma/Aldrich (San Diego, USA), while the solvents uti-
lized were purchased from Merck (Brazil).

2.2. Sample Preparation and SPME

The volatile components present in ripe custard apple fruit pulp were isolated by
SPME technique and separated by high resolution gas chromatography. Initially,
three different fibers, purchased from Supelco, Bellefonte, PA, USA—30 um polydi-
methylsiloxane (PDMS), 50/30 um divinyl benzene/carboxen/polydimethylsiloxane
(DVB/CAR/PDMS) and 65 pum polydimethylsiloxane/divinylbenzene (PDMS/
DVB)—were tested to analyze their performance in extraction of volatiles from
custard apple pulp.

The extraction conditions used for the selection of fiber were those recom-
mended [8]. Three grams of pulp was diluted in 10 mL of water in 40 mL vial.
Before each extraction the vial was placed in a water bath (40°C) under magnetic
stirring for 15 min (equilibrium time). Later the SPME fiber was inserted in the
headspace of the solution for adsorption of volatiles for 30 minutes. After this
exposure, the fiber was removed and later introduced into the injector of gas
chromatograph (Varian, Model 4000) for thermal desorption of volatiles for 7
minutes. The pH used was the natural pH (5.3) of the fruit pulp.

After screening of fibers by headspace extraction efficiency of volatile com-
pounds, a factorial design of 2° including 6 axial points and six repetitions at the
central point amounting to a total of 20 experiments were performed. The cen-
tral composite design (CCD) matrix shows the coded and actual values of dif-
ferent variables in Table 1. The influence of extraction temperature (minimum

28°C, maximum 62°C), amount of salt ionic strength (minimum 0, maximum
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Table 1. Coded independent variables and their actual values in the experimental design.

Coded variables Actual values
Experiment
Number X X, X, Extractionu NaCl Pulp amount
temperature (°C) (%) (%)
1 -1 -1 -1 35 6 21
2 +1 -1 -1 55 6 21
3 -1 +1 -1 35 24 21
4 +1 +1 -1 55 24 21
5 -1 -1 +1 35 6 79
6 +1 -1 +1 55 6 79
7 -1 +1 +1 35 24 79
8 +1 +1 +1 55 24 79
9 -1.68 0 0 28 15 50
10 +1.68 0 0 62 15 50
11 0 -1.68 0 45 0 50
12 0 +1.68 0 45 30 50
13 0 0 -1.68 45 15 1
14 0 0 +1.68 45 15 99
15 0 0 0 45 15 50
16 0 0 0 45 15 50
17 0 0 0 45 15 50

30.0%) and the sample concentration (min 1, max 99.0%) on volatiles isolation

was evaluated. Equilibrium and extraction times were previously defined.

2.3. GC-MS Conditions

The separation was performed using a gas chromatography system (Varian Inc.
Walnut Creek, California, USA) equipped with mass spectrometer (Model
4000). The chromatographic conditions were according to the methodology de-
scribed earlier by [24]. The analysis was performed in a Varian Factor Four Ca-
pillary VE-5ms analytical column (30 m x 0.25 mm i.d. x 0.25 mm film thick-
ness; component: 5% diphenyl and 95% dimethylpolysiloxane), and CP-Wax52
CB analytical column (30 m x 0.25 mm i.d. x 0.25 mm film thickness; compo-
nent: polyethylene glycol). The injector temperature was held at 220°C. Helium
(99.9999%) was used as a carrier gas at a flow rate of 1.0 mL-min". The mass
spectrometer was operated in the electron ionization mode with an electrical
energy of 70 eV and an ion source temperature of 250°C. The mass spectrum

was scanned between 33 and 450 amu at 0.3 s interval.

2.4. Compounds Identification

The linear retention index (RI) values for unknowns were determined based on
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retention time data obtained by analyzing a series of normal alkanes (Cg-C,,).
Volatile components were positively identified by matching their RI values and
mass spectra with those of standards, also run under identical chromatographic
conditions in the laboratory [19].

The identification was also based on matching an unknown mass spectrum
with a spectrum available on the National Institute of Standards and Technology

[25] mass spectral data system or from the literature [26] [27] [28].

2.5. Data Analysis

The Response Surface Methodology (RSM) of results was conducted using the
software, Statistica™ Trial (TIBCO Software Inc., Palo Alto, CA, USA) for the
estimation of regression coefficients and the second order polynomial model for
Equation (1). The Analysis of Variance (ANOVA) of the data was performed to
evaluate the adequacy and the significance of the regression model. The multiple
regression coefficients were calculated for using the Method of Least Square
(MLS).

k k k

Y =5 +Z}ﬁ,,X,. +Z}ﬂ,.,.xf + _ZI/J’I,X,.X, (1)

i- = [y
where Yis the dependent variable (number of peaks), X;and X;are the indepen-
dent variables, £ is the coefficient constant, f;is the linear coefficients, g is the
quadratic coefficients and S is coefficient for interaction, and k is the number of
tested variables (k= 3).

ANOVA and Tukey’s test were used to determine significant differences (p <
0.05) among the fiber coatings by software SAS University Edition (Statistical
Analysis System Institute, Cary, NC, USA). Moreover for the validation of the
model, the observed value was compared with predicted value by calculation of

coefficient of variation (CV).

3. Results and Discussion
3.1. SPME Fiber Selection

Initially, preliminary tests were conducted using 3 different SPME fibers (50/30
pm DVB/CAR/PDMS, 30 pm PDMS and 65 pm PDMS/DVB) using custard ap-
ple pulp so as to evaluate the performance and effectiveness of each coating ma-
terial on the headspace extraction efficiency of volatile compounds. The data on
number of peaks and other details obtained on volatiles isolated by using differ-
ent fibers in SPME are presented in Table 2. The fibers DVB/CAR/PDMS,
PDMS and PDMS/DVB managed to isolate 71, 21 and 30 compounds, respec-
tively. The major classes of compounds were terpenes (>90%). DVB/CAR/PDMS
fiber was the most efficient for extracting 71 compounds and hence this fiber
was selected to conduct further experiments. However, most of the work pub-
lished [4] [6] [7] [8] [9] on custard apple volatiles reports the predominant class

being esters followed by terpenes.
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Table 2. Number of volatile compounds identified in custard apple pulp isolated by dif-
ferent fibers used in SPME technique.

Characteristics 50/30 um DVB/CAR/PDMS 65 um PDMS/DVB 30 um PDMS
Number of peaks 71 30 21

No. of identified compounds 59 (97.34%) 26 (99.11%) 18 (96.81%)
No. of aldehydes identified 5 (0.34%) 0 (0.00%) 0 (0.00%)
No. of alcohols identified 3 (0.44%) 0 (0.00%) 0 (0.00%)
No. of esters identified 5(0.96%) 1(1.12%) 1(1.62%)

No. of terpenes identified 42 (95.42%) 25 (97.99%) 17 (95.19%)
No. of other compounds 4(0.18%) 0 (0.00%) 0 (0.00%)

Semi-polar fiber coating (DVB/CAR/PDMS) appeared to be most efficient in
separating 71 volatile compounds in the custard apple compared to bipolar fiber
coating (PDMS/DVB) that extracted only 21 volatile compounds while non-polar
fiber coating (PDMS) extracted 30 volatile compounds.

Thus DVB/CAR/PDMS fiber showed the best performance, allowing the se-
paration of larger number of chromatogram peaks. Due to these results,
DVB/CAR/POMS fiber was utilized for all experiments that followed these pre-
liminary trials.

Several types of coated fibers are available and no single fiber coating will ex-
tract all analytes to the same extent. Were reported CAR/PDMS fiber to be the
most appropriate fiber coating to extract small molecules and acids [29] [30]. In
general, polar fibers are expected to be effective for extracting polar analytes and
nonpolar fibers for extracting nonpolar analytes [31]. Thus, DVB/CAR/PDMS
fiber has intermediary polarity and thus is able to extract compounds with dif-
ferent polarities [31]. In our work it showed to extract better the terpenic com-
pounds and by far showed the best performance (Figure 1 and Figure 2).

Were tested 4 different coatings (PDMS, CW/DVB, CAR/PDMS and PA) in
fibers to extract volatile compounds by SPME in soursop pulp and reported that
the most efficient fiber was PDMS which isolated 16 compounds [32]. They also
reported that the largest extraction capacity in area count and isolation of lighter
compounds from soursop pulp was obtained by using CAR/PDMS fiber. How-
ever, the fruit used in their work was soursop (Annona muricata L.) while this
study was performed with custard apple (Annona reticulata L.) pulp and ac-
cording to those researchers most of the compounds belongs to the class of es-
ters (50%).

When comparing different fibers used in this work it was found that there
were no significant differences between the chemical classes of the extracted
compounds where the principal class was of terpenes followed by esters and al-
dehydes.

The most recent work done on the custard apple volatile is by [4]. Other

prominent works who also used the custard apple, coming from Amazon region

DOI: 10.4236/jasmi.2020.103005

64  Journal of Analytical Sciences, Methods and Instrumentation


https://doi.org/10.4236/jasmi.2020.103005

M. de Sousa Galvao et al.

2.00E+08 -
1.80E+08
1.60E+08
1.40E+08
1.20E+08
1.00E+08
8.00E+07
6.00E+07
4.00E+07
2.00E+07
0.00E+00

Peak area

-pinene (-)-B-pinene limonene (E)-p-ocimene D-germacrene

o-pinene

=

®50/30 pm DVB/CAR/PDMS  &65 um PDMS/DVB ~ ®30 um PDMS

1.20E+07 ~

b9

1.00E+07

!

8.00E+06 -

!

6.00E+06
a ab

4.00E+06 -
ab b
2.00E+06 4 @ b @ b b b @

0.00E+00

Peak area

bornyl acetate  a-phellandrene linalool a-cubebene d-cadinene

W50/30 pum DVB/CAR/PDMS ~ B65 um PDMS/DVB B30 um PDMS

Figure 1. Influence of different SPME fibers on the area of some isolated volatile com-
pounds from custard apple pulp.
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Figure 2. Efficiency of SPME fiber coatings on the extraction of volatile compounds from
custard apple pulp. Footnote: (Values are means of three independent determination, n =
3).

of Brazil [6]. Two other prominent works were those who used fruit from Asia,
and who analyzed fruits from France. In these publications the esters were the
main compounds, followed by terpenes [7] [8].

Table 3 presents data on volatile compounds identified in custard apple pulp

using SPME with three different fibers. The main isolated volatile compounds
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Table 3. Volatile compounds identified in custard apple pulp captured by using different fibers in SPME.

50/30 um DVB/CAR/PDMS 65 um PDMS/DVB 30 um PDMS

Compounds Rlon-polar” Odor note
RI Area % (SD)* RI* Area% (SD)* RI® Area % (SD)*
Aldehydes
acetaldehyde 412 <600 0.13 (0.05) ND ND Pungent, ether®
butanal 574 <600 0.05 (0.02) ND ND Pungent, green®’
3-methyl-butanal 628 621 0.07 (0.05) ND ND Ethez;&;l;lfa i}el’ysal:t;f ach,
2-methyl-butanal 640 630 0.06 (0.03) ND ND Cocoa, almond®
benzaldehyde 964 963 0.03 (0.00) ND ND Almond, burnt, sugar®’
Total 0.34
Alcohols
ethanol 705 696 0.05 (0.01) ND ND Sweet®
3-methyl-1-butanol 804 804 0.05 (0.03) ND ND Whiskey, malt®
(2)-3-hexenol 1286 1287 0.80 (0.13) ND ND Grass®
Total 0.44
Esters
methyl butanoate 705 696 0.05 (0.01) ND ND Ether, fruit, sweet®
ethyl butanoate 804 804 0.05 (0.03) ND ND Apple®
methyl (E)-2-hexenoate 966 968 0.04 (0.01) ND ND Ester, fruity’
bornyl acetate'* 1286 1287 080(0.13) 1287 L12(0.18) 167 lez(olo)  °ody camphoreous,

mentholic, woody®’

(E)-hex-3-enyl

(B)-2-methylbut-2-enoate 1319 1326 0.01 (0.00) ND ND Green, earthy®’
Total 0.96 1.12 1.62
Terpenes
tricyclene 924 923 0.02 (0.01) ND ND NA
a-thujene 929 929 0.83 (0.03) 930 0.38 (0.27) 930  0.36 (0.07) Woody, green, herb®’
a-pinene'” 938 935 24.48 (2.15) 934  12.34(8.51) 934 22.80(2.57) Pine, turpentine®’
camphene** 953 950 1.04 (0.12) 950 0.45 (0.32) 950  0.92(0.15) Camphor®’
p-thujene 966 ND 976 050(034) 976 037(001)  COCHngwoody, piney,
minty, eucalyptus®
p-pinene'>® 978 979 23.36 (1.91) 980  12.80(8.97) 980 19.74(2.32)  Pine, resin, turpentine®’
(-)-f-pinene 993 992 7.18 (0.54) 992 6.75 (3.47) 992 2.72(0.03) NA
a-phellandrene’? 1006 1005 1.37 (0.07) 1004  0.90(0.37) 1004 0.66 (0.03) Turpentine, mint, spice®’
2-carene 1019 1016 0.20 (0.17) ND ND NA
p-cymene'? 1024 ND 1024  0.29 (0.21) ND Pleasant odor®’
limonene!%3 1028 1028 17.54(0.25) 1028 14.02 (7.71) 1028 7.71(0.22) Citrus, mint®”
eucaliptol 1035 ND 1030 0.84(040) 1030 1.19(020) ucalyptus herbal cam-

phor®’
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Continued
a-phellandrene’? 1006 1005 1.37 (0.07) 1004  0.90(0.37) 1004 0.66 (0.03) Turpentine, mint, spice®’
2-carene 1019 1016 0.20 (0.17) ND ND NA
p-cymene'? 1024 ND 1024  0.29 (0.21) ND Pleasant odor®”
limonene'?*3 1028 1028 1754 (025) 1028 14.02(7.71) 1028 7.71(0.22) Citrus, mint®”
eucaliptol 1035 ND 1030 0.84(0.40) 1030 1.19 (0.20) Bucalyptus, herbal,
camphor®’
(2)-p-ocimene"* 1039 1035 0.39 (0.02) 1034  0.27 (0.14) ND Sweet, herb®’
(E)-pB-ocimene'™ 1050 1046 11.15(0.76) 1046 13.01 (4.94) 1046 5.08 (0.37) Herb”
y-terpinene 1061 1057 0.36 (0.00) 1057  0.20 (0.10) ND Gasoline, turpentine®’
(E)-sabinene hydrate? 1070 1066 0.14 (0.01) 1066  0.11 (0.02) ND Lemon, resin®’
terpinolene'* 1083 1090 0.28 (0.02) 1089  0.19 (0.09) ND Sweet, fresh, piney, citrus®’
linalool">** 1098 1101 0.19 (0.01) 1102 0.13(0.01) ND Flower, lavender®’
p-mentha-1,3,8-triene 1119 1122 0.04 (0.01) ND ND Turpentine®’
(E,E)-cosmene 1130 1130 0.23 (0.01) ND ND NA
allo-ocimene 1144 1140 0.19 (0.03) ND ND NA
neo-allo-ocimene 1131 1145 0.03 (0.03) ND ND NA
pinocarvone** 1164 1164 0.01 (0.00) ND ND NA
terpinen-4-ol 1177 1178 0.01 (0.00) ND ND Turpentine, nutmeg, must®
a-terpineol 1189 1192 0.02 (0.01) ND ND Qil, anise, mint®
a-thujenal 1190 1200 0.01 (0.00) ND ND Woody, green, herb®”’
a-cubebene*? 1349 1350 0.36 (0.23) 1349 1.15 (0.96) 1349  0.38 (0.09) Herbal, waxy®’
a-ylangene 1370 1372 0.01 (0.01) ND ND NA
a-copaene'?* 1378 1377 0.70 (0.39) 1376 2.36 (1.93) 1377  1.13(0.28) NA
caryophyllene">** 1419 1420 0.45 (0.26) 1419  1.65(1.35) 1419 0.84(0.07) Wood, spice®’
aromandendrene'” 1447 1439 0.24 (0.15) ND ND NA
(Z)-muurola-3,5-diene 1450 1451 0.01 (0.01) ND ND NA
humulene"** 1455 1454 0.06 (0.04) 1453 0.24 (0.21) ND Wood®’
(2)-muurola-4(14),5-diene 1470 1463 0.05 (0.03) ND ND NA
y-muurolene 1477 1477 0.30 (0.21) 1477 0.65 (0.51) 1477  0.21 (0.04) Herb, wood, spice®’
D-germacrene>** 1485 1481 1.95 (0.79) 1481 20.06 (11.29) 1481 19.60 (4.95) Wood, spice®’
(+)-epi-bi-eyclosesqui-phellan g 4g, 0.01 (0.01) ND ND NA
drene
y-elemene 1492 1497 1.47 (0.61) 1497 7.84 (3.71) 1497 11.62 (1.45) Fruity, (:1r)76‘7
a-muurolene 1505 1501 0.07 (0.04) ND ND Wood®’
(-)-p-cadinene 1518 1508 0.02 (0.01) ND ND NA
y-cadinene® 1513 1514 0.15 (0.09) 1514 0.20 (0.19) ND Wood®’
§-cadinene®® 1523 1524 0.44 (0.22) 1524  0.58(0.55) 1524 0.38 (0.07) Thyme, medicine, wood®’
cadine-1,4-diene 1533 1532 0.02 (0.01) ND ND NA
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Continued
a-cadinene 1538 1537 0.03 (0.02) ND ND NA
a-calacorene 1542 1542 0.01 (0.01) ND ND Wood®
Total 95.42 97.99 95.19
Others
2,4,5-trimethyl-1,3-dioxolane 710 702 0.05 (0.05) ND ND NA
1-methylpyrrol® 737 718 0.08 (0.04) ND ND NA
styrene 891 892 0.04 (0.02) ND ND Balsamic®
bicyclo[3.2.0]hepta-2,6-diene NA 1402 0.01 (0.01) ND ND NA
Total 0.18

‘R, 0poter- Linear Retention index from literature (NIST 2011). “Linear Retention index on VF-5ms obtained experimentally. “Values are expressed as Means
(Standard Deviation). NA - Not available. ND - Not detected. '[9] related to SDE in Australian fruit pulp. *[7] related to hydrodistillation in essential oil of
French fruit pulp. *[8] related to SDE in Malaysian fruit pulp. *[6] related to SDE in essential oil of Brazilian custard apple. *[4] related to LLE in Indian

custard apple pulp. *’[33] [34].

from custard apple pulp by different fibers and their relative peak area variation
were: a-pinene (24.48% to 12.34%); f-pinene (23.36% to 12.80%); D-germacrene
(20.06% to 1.95%); limonene (17.54% to 7.71%); (E)-p-ocimene (13.01% to
5.08%); A-elemene (11.62% to 1.47%); and (-)-B-pinene (7.18% to 2.72%).

3.2. Experimental Design

According to the experimental design (Table 1) which varied the key operation-
al parameters for extraction (extraction temperature, sodium chloride amount
and pulp amount) in SPME, the predicted and obtained data on the number of
peaks on non-polar column and the obtained data on the number of peaks on
polar column are presented in Table 4.

After the selection of the DVB/CAR/PDMS fiber, a new experimental design
was applied which evaluated the influence of sample concentration in the vola-
tile composition of custard apple pulp. In these experiments on custard apple
pulp, the larger number of peaks on non-polar column was observed in the ex-
traction conditions of central point (extraction temperature of 45°C, NaCl con-
centration of 15%, and 50% of pulp amount) while the larger number of peaks
on polar column was detected in experimenter run 6 (extraction temperature of
55°C, NaCl concentration of 6%, and 79% of pulp amount). The experimental
error was calculated for the values taken into consideration of three replicates of
central point. The relative standard deviations equal to 6.87% and 7.12% showed
that the extraction of volatile compounds from apple custard pulp by SPME
technique had a good repeatability on both the non-polar and polar columns.

In Pareto chart (Figure 3(a)), the linear and quadratic effects of pulp amount,
and quadratic effects of extraction temperature and salt amount were significant
(p £0.05). The linear effects of extraction temperature and salt amount were not
significant at the 5% significance level, but they were significant at the 10% sig-
nificance level while their interactions were not significant (p > 0.10). The in-

crease in extraction temperature, in salt amount added and in concentration of
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Table 4. Number of volatile compounds present in custard apple pulp isolated by SPME
and separated by GC on non-polar and polar columns.

Independent Variables Dependent Variables
Experiment prraction Pulp Number of peaks Number of peaks
Na (Non-polar column) (Polar column)
number temperature %) amount :
Q) (%) Observed Predicted % Difference Observed
(cv)
1 35 6 21 45 47 2.8 48
2 55 6 21 37 39 3.6 66
3 35 24 21 42 38 6.2 33
4 55 24 21 31 31 1.1 42
5 35 6 79 31 35 8.6 47
6 55 6 79 21 27 17.9 72
7 35 24 79 27 27 1.0 56
8 55 24 79 12 19 30.8 39
9 28 15 50 44 45 1.3 63
10 62 15 50 38 31 133 59
11 45 0 50 48 42 9.9 44
12 45 30 50 27 28 1.5 54
13 45 15 1 42 44 3.4 64
14 45 15 99 32 24 19.6 43
15 45 15 50 87 81 4.8 70
16 45 15 50 80 81 1.2 68
17 45 15 50 76 81 4.8 61

CV - Coefficient of variation.

custard apple pulp resulted in reduced number of volatiles separated on
non-polar column. In Pareto chart (Figure 3(b)), for number of peaks on polar
column, the linear and quadratic effects of all parameters of SPME and their in-
teractions were not significant (p > 0.05).

From the data on experimental values presented in Table 4, the second order
polynomial equation of fitted coded model for number of peaks on non-polar
column (Equation (2)) was determined by regression analysis, where: X is ex-
traction temperature ("C); X, is sodium chloride amount (%); and X; is pulp
amount (%). The fitted coded model was generated after exclusion of insignifi-
cant terms.

Furthermore, the significance of fitted model was evaluated by ANOVA
(Table 5). This fitted model was highly significant (p < 0.0001) for F-value cal-
culated of 33.05, and its coefficient of determination (R?) was 0.9520. This model
explains 95.20% of variations in dependent variable, and it accurately predicts

the relationship between number of volatiles extracted from custard apple pulp
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Figure 3. Pareto charts with their estimated effects for custard apple pulp volatiles. Re-
sponse measured in (a) number of compounds on non-polar column, and (b) number of
compounds on polar column.

Table 5. ANOVA for number of peaks of extracted of volatile compounds from custard
apple pulp by SPME separated on non-polar column.

Source o f variation SS df MS Feacuated  Frabulated p-value R?
Regression
X (L)
X (Q 263339 6

DOI: 10.4236/jasmi.2020.103005 70 Journa | of Analytical Sciences, Methods and Instrumentation


https://doi.org/10.4236/jasmi.2020.103005

M. de Sousa Galvao et al.

Continued
X, (L) 240.46 1 240.46 7.32 4.96 0.0221**
X Q) 3077.42 1 3077.42 93.65 4.96 <0.0001*
X, (L) 478.47 1 478.47 14.56 4.96 0.0034**
X (Q 3143.68 1 3143.68 95.66 4.96 <0.0001*
Lack of fit 266.61 8 33.33 1.08 3.07 0.5667"
Pure error 62.00 2 31.00 - - -
Total 6845.88 16 - - - -

SS - Sum of squares; df - Degrees of freedom; MS - Mean square; R” - Coefficient of determination. X;
- Extraction temperature ("C); X, - Sodium chloride concentration (%); and X; - Pulp amount (%). *p
<0.001, **p < 0.05, **p > 0.05 (not significant).

and SPME extraction parameters studied since lack of fit was not significant (p >
0.05).

In Table 4, coefficients of variation below 25% indicate an acceptable disper-
sion between observed and predicted values hence showing a good precision of
measurement and reproducibility of the model. The normal probability plot of
residuals (Figure 4(a)) showed the points close to a diagonal line, which indi-
cates that the error terms were normally distributed. Thus, the model was well
fitted with experimental results. Ultimately, the plot of predicted versus observed
values (Figure 4(b)) indicated an adequate agreement between the actual data

and those generated by the fitted coded model, as previously mentioned.

3.2.1. Influence of Extraction Temperature

In headspace SPME techniques, the extraction time is an important parameter
which influences the extraction yield. Since time affects the mass transfer of the
analytes onto the fiber, optimum time is required for the fiber to reach equili-
brium with headspace [34]. An increase in extraction temperature decreased the
number of volatile compounds absorbed by DVB/CAR/PDMS fiber from cus-
tard apple pulp in headspace which was also observed in this work. One factor
which influences these results is that higher temperatures affect adversely on the
sorption of the analyte on the coating and consequently, extraction efficiency
decreases when the extraction temperature increases [36].

It can be observed from the data presented in Table 4 that higher extraction
temperatures (55°C and 62°C) resulted in detection of lower number of volatile
compounds, being 37, 31, 21, 12 and 38 peaks for the experiments 2, 4, 6, 8 and
10, respectively, while for lower temperatures, the number of compounds were
more, being higher number of compounds detected as 45, 42, 31, 27 and 44
peaks for the experiments 1, 3, 5, 7 and 9, respectively. However, the lowest
temperature (28°C) in SPME presented lower number of compounds, which
may be because that the temperature was just insufficient for volatilization of

organic compounds.

3.2.2. Influence of Pulp Concentration

According to the data presented in Table 4, it is observed that an increase in
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Figure 4. (a) Normal probability plot of residuals, and (b) Plot of predicted versus observed values of number of peaks of volatile

compounds isolated from custard apple pulp by SPME.

pulp concentration over 50% has a negative effect on the absorption of volatile
compounds present in pulp on to the fiber, 7e higher the concentration of cus-
tard apple pulp, lower is the number of volatile compounds isolated. However,
the increase in pulp concentration was related with an increase in the concentra-
tion of added sodium chloride which led to the saturation of the sample, where-
by reducing the release of volatile compounds onto the headspace in vial. Thus
on using pulp concentration of 79%, the release of these volatiles decreases in the
experiments with 24% sodium chloride (ionic strength) relative to the lowest so-

dium chloride concentration (6%) at same extraction temperature.

3.2.3. Influence of Ionic Strength

The number of peaks decreased with increasing salt concentration. The exposure
of the fiber at a concentration of 79% pulp at 35°C in which 6% and 24% of salt
were used (experiments 5 and 7), resulted in the separation of 31 and 27 peaks,
respectively. However, when the extraction was performed at 45°C having the
same salt concentration (0% and 15%) in experiment numbers 11 and 15, 48 and
87 peaks were separated, respectively.

Among all the experiments carried out, the experiment number 10 which uti-
lized higher temperature (62°C) for extraction but had lower salt (15%) and pulp
concentrations (50%) resulted in a lower number (38) of peaks which reveals
that the interactions between these parameters were not significant, ie. one pa-
rameter does not influence the other, demonstrating the detrimental effect of
temperature and concentration of the sample. The Pareto chart (Figure 3(a))
shows this effect at the significance level of 5%.

Among all the experiments performed, those in center point conditions of in-
dependent variables resulted in the isolation of a higher number (81) of com-
pounds on the non-polar column. Thus, the best conditions for SPME tech-
nique, proven through this experimental design, were defined as the use of 50%
pulp; 15% NaCl; 45°C of temperature of this experiment which had the maximum
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number of volatile compounds separated in gas chromatography system coupled
to high resolution mass spectrometry.

The exposure time of the fiber in injector of gas chromatograph for desorp-
tion of analytes is also an important factor. This would be another variable
worth analyzing, although, it is known that the desorption occurs in a very short
period of time. The fiber exposure time in the injector for all experiments was 7
min, which is much higher than required for desorption. In addition, desorption
of fiber was performed in GC injector between the chromatographic analyses in
order to check the “memory effect” of the fiber, ie, if a small amount of analyte
was not desorbed it may interfere in the subsequent analyses. This phenomenon
was not observed in any of the tests performed, concluding that the 7 min expo-

sure time was good enough for complete desorption.

3.2.4. Optimization of SPME Technique and Model Validation
Optimization aims to find SPME conditions which, results in isolation of a
maximum number of peaks of volatile compounds from custard apple pulp. Re-
sponse surface plots in Figures 5(a)-(c) show the interaction effects of inde-
pendent variables in pairs. For optimization it is necessary to combine these
conditions in a single test that maximizes response variable. The optimized con-
ditions of SPME for extraction of volatiles from custard pulp were: 45°C of ex-
traction temperature, sodium chloride concentration of 15% and pulp amount of
50%. In these optimized conditions, the predicted number of peaks was ap-
proximately 81 by fitted coded model.

Additionally, validation of the model was performed from experiments using
50% pulp, addition of 15% sodium chloride and volatiles isolation realized in vi-
al containing 10 mL aliquot at 45°C for 30 min using DVB/CAR/PDMS fiber
and separation performed in GC. The number of peaks of these experiments
ranged from 72 to 82. Predicted and observed mean values were 81 and 78, re-
spectively, in these extraction conditions, for which coefficient of variation (CV)
was low (3.0%) which indicates also the suitability and accuracy of the model
(Table 6).

4. Conclusions

Among several fibers used in SPME, the results reveal that the DVB/CAR/PDMS
fiber was most efficient for the isolation of terpenes for custard apple fruit vola-

tile compounds. The optimum conditions were 45°C for extraction, 15% of sodium

Table 6. Validation of fitted coded model to the number of extracted volatile compounds
by SPME from custard apple pulp as a function of extraction temperature (°C), sodium
chloride concentration (%) and pulp amount (%).

Number of peaks on non-polar column

Extraction NaCl Pulp amount
temperature (*C) (%) (%) Predicted Observed % Difference (CV)
45 15 50 81 785 3.0

CV—Coefficient of variation.
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Figure 5. (a) Interaction effects of extraction temperature and sodium chloride amount, (b) Interaction
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effects of extraction temperature and pulp amount, (c) Interaction effects of sodium chloride amount

and pulp amount towards the number of peaks from custard apple pulp using response surface metho-

chloride and 50% of pulp amount which resulted in a maximum of 87 peaks.
The main compounds found in custard apple fruit were: a-pinene, f-pinene, li-
monene, (E)-S-ocimene, (-)-F-pinene, D-germacrene, and A-elemene. Forty com-
pounds have not been reported earlier and their presence in custard apple pulp is
being reported for the first time in this study, which includes also (-)-f-pinene

and A-elemene. Further studies about the volatile composition of the custard ap-
ple are necessary to better understand the aroma of this fruit, extraction alterna-

tives, for example, the SBSE technique can also be very attractive for a better elu-
cidation on the volatile composition.
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