CHAPTER 4

RESULTS AND DISCUSSIONS

4.1 Pesticide Residue Determination
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4.1.1 Pesticide Standard

This research focused on the presence of diazinon on Wwatépspi alh samples from
Negeri Sembilan. The chromatogram for 1000 ppm diazi pesticid ndar?-was

shown in Figure 4.1. Diazinon peaked at 13.794 miputes, with a shar al!, nof onting
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Figure 4.1: Chromatogram of Standard Diazinon
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ethod Validation

Q Method validation is performed to obtain results that are reliable, accurate and
0

nsistent within a sample analysis’ statistical limits (FAO/WHO, 2017). Calibration

curve reflected the relationship between the analyte concentration in the sample and the
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analytical signal as accurate as possible. Standard concentrations 200, 400, 600, 800
and 1000 ppm were used to construct the calibration curve (Figure 4.2). The lineari

was measured, and the correlation coefficient (R2) obtained was higher thar((%ﬁ able
4.1). However, the use of this value as a quality of fit can be misleaoﬂ&gcause the
significance is greater if high concentrations of standards are chosMonstruct the

~
N

curve (FAO/WHO, 2017).
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0- OmgtJ@) used to construct the calibration curve

1D, r&ﬁ@e as low as 0.1-1.5ug/kg has been used to

for this studyw\gh. of G
detect di i%ln apPI Dsﬂle (I@\sél et al., 2018). Based on a previous study that
e
Il

success etected diazinon @)@'ue in water spinach, the range for the calibration
N

c Nas between 2 to 10 mg/kg (Md Sa’at, 2020). The Guidelines on Performance

&' Er

ia for Methods of Analysis for The Determination of Pesticide Residues in Food

Qd Feed recommended the use of weighted-linear regression in determining low
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pesticide concentration down to part per billion (ug/kg) and reducing errors in residue

level calculation by obtaining value of the intercept close to zero. YV
Table 4.1: Validation Data for Pesticides Residue Detection Using G %\
Organophosphorus pesticide Diazinon
Retention Time (RT) (min) 13.794
Equation y = 0.2457x - 1&83
Coefficient of Detection (R?) 0.998 \,
Limit of detection (LOD) (ppm) 52.3
Limit of quantification (LOQ) (ppm) 158 Q '
Relative Standard Deviation (RSD) (n=5) % 0.2

i
t

According to Sanagi et al. (2009), limit of detection (OD) is g Iy dQ?'.ned
J N

as the lowest concentration of an analyte in a at can befdete teé,?ut not
ol .

wh limit of

necessarily quantified, under the stated conw of “the

quantification (LOQ) is the lowest conceptra fan:bal

determined with acceptable precision M racy unde iti .
A

LOD and LOQ are the minimum ntof a t a ci)@etected and quantified

using an analytical method o ment thou belr& fused with the analytical

noise (Armbruster & Pry,

As recovery splke not er&) zgjm blank (acetonitrile) was measured
directly by the |n xtrac on m was validated by calculating the LOD
and LOQ bas st ndar f]’[lo he response of the standard blank and the
slope of c%n curve at sig |se ratio of 3 and 10, respectively (Appendix

1). Th:&&alue should bﬁ'at oRBeIow the maximum residue level (MRL) to draw

sighificant conclusions about }stlmde residues in a sample (Shrestha et al., 2024). As

rised in Table 4.1, LOD for diazinon was 52.3 ppm whereas LOQ value was 158

Om. Therefore, any conclusion of detection of pesticide residue in this study may be

not significant as the LOQ value was above the MRL value for diazinon.
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It is difficult to ascertain the amount of diazinon present in the water spinach

sample, therefore method validation is required to determine the efficacy of QuE?RG

>

extraction performed in this study. Spiking is a method to determine if t@ctlo
method is efficient by spiking a sample with an analyte of a knowﬂ'&entratlon,
performing the extraction procedure and measuring the spiked analREgncentration.
(Magnusson & Ornemark, 2014). The amount successfully r riw measured as a

EE;n le with contains

percentage of the amount of original spiking analyte adde

either no detectable level of the analyte or a known de ble vaethod IS

of the method (FAO/WHO, 2017). Therefore, 1

dy, F@?ﬁ:ide-free
Y

azinon, then

water spinach samples can be spiked wi

extraction is performed and the recov er tage of s dl@ﬂ IS determined.

_ e
The numerical values of RS bI 4 ex @10% independently of
Ca)

the composition of the pe S in alyse ﬂrod&@ﬁ which indicates good
\\
reproducibility in the subse petl ive measurem
(,aJ ' N
4.1.3 Detection and Qu ifi aﬂ( iazi 6@Re5|due

| %

Diazinon was dete in organ%water spinach samples tested as negative
control (Tabl Or nic eb‘sp n‘5a1 is supposed to be pesticide-free and the
organlc re'su n rm@he authenticity of the pesticide-free claim.
Hoxﬂor anic vegetables ar ceptlble to be tainted by pesticide residue from soil

S |th nearby non-organic farms that liberally used pesticides (Farina et al., 2018).

Q The average concentration of diazinon for each sample was tabulated in Table
2. One sample (U1) was found to have traces of diazinon at 3.07 mg/kg (Appendix 2),
which exceeded the permitted maximum residual limit (MRL) of 0.2 mg/kg set in the
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Sixteenth Schedule [Regulation 41] Pesticide Residue of Food Regulations 1985. The
U1 sample was treated by ultrasonic treatment for 1 minute and there was W
treatment value (F) to compare with this sample to evaluate the efficacy @xonic

treatment in removing diazinon residues on water spinach. The valu Iso lower

than LOD calculated in section 4.1.2. Q

Table 4.2: Average Concentration of Pesticide Residue Found in pinach Samples
(n=4)

Treatment Average Concentrati g/kag) '
Organic onfr:m\nlbd. e
F ND rlD | _\&‘
C1 ND P 4 ND Y*
c7 ND Y' N ng
C15 ND \/ “\ ND
Ul ND \:,
u7 ND
O N6k
%, _@) &

(F): fresh (non-treated); (C1): i eﬂforﬁi’nute, (C7): immersed in
distilled water for 7 minutes, tilled\water for 15 minutes; (U1):

@Q: im i
ultrasonicated in distilled w for ¥ mi ? ultra eﬁ}ated in distilled water for 7
stilled wate ol15 i
4
t

minutes, (U15): ultrasonicat es; ND: not detected.

e
Due to issuew e | atiorf@éussed in section 4.1.2, there are

possibilities that &ecti I

were not as a@nd recis

not be a %}'ceo}dvziﬂn'
&

4
hypermarkets, where the distriQmﬁg chain is complex because between the farm and
\

d ntifi@ of diazinon in water spinach samples

w(pec(@. However, it is also possible that there may

t \nples acquired. All samples were sourced from

t Malised distribution centre, there are multiple parties involved such as collectors
ransporters, wholesalers and middleman (Man et al., 2009). Due to this

rcumstance, it was almost impossible to trace the samples to the farms and found out

the pesticides used on the water spinach prior to harvesting.
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The absence of diazinon in water spinach samples in this study does not mean that
they are pesticide-free. Presence of other pesticides that possess health risk caw
ruled out, as mentioned by (Ling & Mahat, 2014). The findings in thi@ also
corroborated the disadvantages of single-residue method as compare Itiresidue

method in pesticide analysis in ensuring the safety of leafy vegetables Rlllaverde etal.,
2014). . \/

4.2 Effects of Ultrasonic Treatment on Physical ities

@
| &
4.2.1 Effects of Ultrasonic Treatment on Ph Appearance -
s X
ro

M us @fments for

w .3: Difference Bet\Neh;'RJItrasonic-Treated Leaf After (a) 7 Minutes and (b) 15

Minutes Treatment Duration

0 Prolonged ultrasonic treatment after 7 minutes caused physical damage to the

leaves treated with ultrasonic waves for 15 minutes as presented in Figure 4.3. The

ultrasonic-treated leaf (Figure 4.3(b)) exhibited damage along the edges on the left side
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of the leaf while no damage at the edges was observed with the leaf treated with

ultrasonic waves for 7 minutes (Figure 4.3(a)).

oY,

Figure 4.4: Difference Between (a) Control Leaf and (b asonic-Tre L‘af ris

Minutes Treatment on T
plés and ,@h‘asonicated
The lﬁ

Comparison of physical damages betweWtr I
<§ sonicated leaf

samples after 15 minutes’ treatment was n Fi
exhibited physical damage on the Ieft si th Ieaf while no CQ’ physical damage

T &
was observed on the control sam N
o e,
| . &
The physical damage sonica ves € be attributed to several
N
mechanisms identifiedgin u asonlc-a}ast tr (UAE). One mechanism is
facilitated mass transfer caed tﬁ uring ultrasonic treatment, where
implosion of aco&u @ surfa@ plant matrix causes erosion and leads
the solvent | respi P'pl eIIs (Shen et al., 2023). Other possible
mechanis de ‘s‘o -capill n@f sonoporation, process, which enhance liquid

penetrﬁ|I the channels ro@a by the bubble implosion and the alteration of the

p ab| ity of the cell memb\es respectively (Medina-Torres et al., 2017).

Physical damage not only led to reduction in consumer appeal towards treated
a

ter spinach, but also potentially shorten the shelf-life and affects nutritional contents

(Zhu et al., 2018).
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(F): fresh (non-treated): (C1): immersed in distilled water for 1 minute, i i i ater for 7 minutes, (C15): immersed
in distilled water for 15 minutes; (U1): ultrasonicated in distilled watg e - alifasonicatéd in distilled water for 7 minutes,

(U15): ultrasonicated in

(F): fresh (non-treated immersed in distilled water for 1 minute, (C7): immersed in distilled water for 7 minutes, (C15): immersed
in distilled water fi tes: (U1): ultrasonicated in distilled water for 1 minute, (U7): ultrasonicated in distilled water for 7 minutes,
(U15): ultrasonicated in distilled water for 15 minutes.

igure 4.6: Visual Comparison of Non-Organic Samples
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The comparison between organic and non-organic samples across all treatments
are recorded by digital imaging in Figures 4.5 and 4.6. This comparisonwﬂm
statistically tested to prove any statistical differences between the treatment(%\fore,
qualitative analysis involving imaging-based technique can be appliéd&e able to
perform statistical tests. One of the techniques involving feature“¢Xxtraction from
segmented grey image of sample followed by feature analysi N coefficients of
wavelet transform (Dutta et al., 2016). Another type of an &;

rllachine learning

and deep learning approaches (Meenu et al., 2021).

j &
4.2.2 Effects of Ultrasonic Treatment on Wa inach Colou ‘\
\/‘Z“

' 4
\N.ndicat freshness and

flavour.(Barrett et al., 2010). Table 4.% arised. the

lightness (L*), the green colour repr m ive
of blue (positive b* scale) of wate h across al reatme@ts (Kutlu et al., 2022).
é N

Colour influences consumers’ choice of vgetable

anges<o brightness or

s of a* scale and influence

4]

| ™ & _
For organic samples, only theee tr 1, lénd C15) produced higher L*
alue A[I

value than the pre-treatm tz . tre rnbr@lon-organic samples recorded
1 2
een 37.

higher L* values bek 2|9 81 co% ared to the pre-treatment value of 36.97.
The lightness c@ spinach,_leaves wa?oot significantly different between pre-

!
treatment (F) Q?st-tr tme @pl sfﬁdicating that both the control and ultrasonic

o
[N
T

treatme%%’en 0 f :i te@ not significantly alter the lightness of water
spingcm c'.;}-
\

<
N
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Table 4.3: Changes in Colour Parameters

L* a* b*
Treatment _ Non- _ Non- xg
Organic organic Organic organic Organlc‘ c ic
= 37.05 36.97 -7.28 -9.10 14.6@\ 20.82
+0.69% +2.25% +0.022 +1.12% +0,19° +3.86%
c1 37.68 38.35 -9.65 .0
+0.56% +1.75% +0.522 77, +
c7 35.83 38.67 -10.23
+1.11% +2.73® +0.21%
C15 40.19 38.92 -10.28
+0.292 +1.31% +0.29%
U1 34.38 37.46 -9.30
+1.33° +2.18% +0.85%
38.46 39.31
U7 +1.53% +1.392
36.85 37.29
U15 +0.622 +1.84%

water for 7 minutes, (C15): immersed in
water for 1 minute, (U7): ultrasonicat
distilled water for 15 minutes; ND:

- immersed in distilled
: ultrasonicated in distilled

(F): fresh (non-treated); (C1): immersed in distilled w \h\l, in?e, QQZ)
d%waterforl inutes; US,
gs till ater 7 mir@e, (U15): ultrasonicated in

The a* value was indicatived

chlorophyll is present
colour appearan
al., 2018). All
(between -8

significw%'wencg' M
xhibi

t similar pattern,é%eept for C1 treatment that recorded lower negative a*
N

S

e

cﬁhe pols' i
o

m

¢
-10.75) thant

ts of water m&ch@c

C Sa

d. 7 %
&
th‘eé n colour of water spinach as

luding the root part. The green

'3
catigg"freshness of the vegetable (Saba et

s recorded higher negative a* values

2>

he(BLr@-treatment value of -7.28. There was no

N . :
trea@tent type and treatment duration. Non-organic

The b* scale hovers between the intensity of yellow (negative) and blue (positive).
ellowing of leafy vegetable is undesirable as it indicated quality deterioration (Yuan
et al., 2021). For all treatments, the post-treatment values were higher than the pre-
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treatment value. There was a significant increase in b* value between pre-treatment

value of organic sample and U7 treatment. All treatment did not cause yellow

water spinach as the increase in positive values moves away from the incre llow

appearance. A

Total colour change (AE) is a quantitative indicator on how post-harvest treatment

alters the colour of water spinach pre- and post-treatment. ni et al. (2011)
constructed the range as follows: values between 0 to 0! ates' that the colour
change is not noticeable, values between 0.5 and 1.5 denotesyslightly noticeable colour

(‘ N
change, noticeable (1.5-3.0), well visible (3.0-6.0 reat differen : —l{(ﬁ’). The

: 4
results were presented in Table 4.4. Yv \ g
Ih{ontrol samples

There was no significant differencefin e alra' for

A

water spinach did not alter the coleur siaﬂfi‘c\:a%n are&zy h untreated or soaked
n

o
hich trang o&ﬂ&]g effects, ultrasonication

in this study and non-organic ultrasonicat mWNS re, ultrasonic treatment of

water spinach. Unlike disinfe

has no strong oxidizing rom ther’fore e'col \ the fruits and vegetables was
‘ 3 [
ion e

not degraded by oxidat cts (Le€ ng, gO).

Table 4@3 of\Ultrasonic Treaﬁ\nt on Total Colour Change (AE)

- N

=

Treatmen%\ ' g," “')u AE

durati ga ic Non-Organic
(m' S . .
3 ,C tr f _i@ﬂ‘asonlcated Control Ultrasonicated
40 ' 3.76 £1.07%® 2.04 +0.76¢ 2.46 +1,12b
9

»
+0.28%
\7 4.46 +0.16° 2.15 +0.23% 1.22 +0.49¢ 1.12 +0.65¢
% 15 5.22 +0.30? 2.03 +0.24% 2.01 +0.85% 1.95 +1.11%
C

ording to this the following ranges were applied on which base the colour parameters could be
stinguished as follows: not noticeable (0-0.5), slightly noticeable (0.5-1.5), noticeable (1.5-3.0), well
visible (3.0-6.0) and great difference (6.0-12.0) (Hartyani et al., 2011). Values are means of three
replicates + SD. For each sample, mean values with different superscript letters in each column indicate

significant differences (p<0.05, ANOVA).
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Non-organic water spinach treated with ultrasonic waves for 7 minutes showed
lowest total colour change values of 1.12 under the range of slightly notlceab
1.5). The mechanical action of ultrasonic waves may have contributed to the i |t|on
of chlorophyllases, an enzyme that degrades chlorophyll and able to m he colour
of fresh greens such as water spinach. This finding further supports the ®le of ultrasonic
treatment in preserving the green colour in vegetables as prev% scovered by Xu

l

et al. (2020) and C. Zhang et al. (2023).

Organic samples showed well visible differences in (betwe 49 tq:?,,ZZ)
according to the scale, especially the control tre mples h |sla pbi?lblhty
of senescence process taking place between e- tm\ nalym‘ze:nd post-
treatment analysis, which causes chloro b!&reported that
senescence can occur in a few hours i ue to@?sensitivity to the
environment (Hu et al., 2015).T esce be accelerated by the
exposure to several warm co S duri ﬂthe éh as previously discovered
by (Wijerathne et al., 2018)?*/, the water, used fo éﬂakmg the control samples are
set at 25 °C, which is r'than the av gel emperature of tap water in Malaysia

Ang@&/condltlon is the air-drying after the

between 16-19°C &T@d etal,
soaking treatrr@i bient
[

@‘it on Leaf Firmness

4.2.3 % UItra oni
asonic treatment pro@l_g‘;{ physical actions by cavitation effects to remove

t inants from the surface of water spinach leaves (W. Zhou et al., 2022). The

n may cause structure alteration or property changes of enzymes and proteins,
a

ding to textural changes such as loss of firmness, which is an indicator of low-quality

fresh produce (S&o José et al., 2014).
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Firmness of water spinach leaves was determined as the resistance to penetration
with a 5mm-probe. The results were presented in Figure 4.7. All organic samples
showed increased firmness from the initial pre-treatment value of 5.02N with_increased
treatment duration (both control and ultrasonic) up to 7 minutes. For Organic samples
treated by both control and ultrasonic treatment, treatment for 7 minutes gave the
highest increase in firmness for water spinach leaves, with an_increase by 2.06 N and

0.59N respectively.

B8 Control treatment

B Ultrasgnic tregtment

a

(¢ ]

a
=a

Max force (N)
w B

Omins | I1min | 7mins [15mins| Omins [ 1 min | 7 mins |15 mins
Organic Non-organic
Treatment duration

Figure 4. 7aMaximum Force Required to Penetrate Water Spinach Leaves

Non-organic samplesgShowed fluctuations in the maximum force value with
increasing treatment time for both.control and ultrasonicated samples. This was due to
the, destructive nature of the compression test where it is not possible to use the same

leaf to measure the firmness pre-and post-treatment.

However, a modification to the methodology may give a better representation of

the effects of both control and ultrasonic treatment on the leaf firmness. By having a
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batch of leaves stacked on top of each other up to 1 cm thickness and setting the
compression test to penetrate approximately 15% of the height, the damage onwm
will be minimised in the pre-treatment measurement and there will be unc@ leaf
in the same batch to be used for post-treatment measurement. This mo n will be
able to allow the use of the same (batch) of leaves for pre- aWt -treatment

measurement.

All ultrasonicated water spinach treated for 15 mi ;ho d reduction in

firmness from the pre-treatment values. For the organic , m.\eﬂdness‘?pst-
treatment was 4.65 N, showing a reduction of 0 e nonzor !améja post-
treatment showed reduction by 1.30 N, from p me a u 6.07"Nsto 4.47 N.

It has been hypothesised that prolonged Lt atlon MpPQOSes desn't? tive effects on

plant cell wall stability, causing cell |nJ Ioss of w Iead@o loss in firmness

A
(Muzaffar et al., 2016). Moisture lo evap r m @ce layer of ultrasonic-
0
treated Barhi dates has also reported to nfhb 0 loss of firmness with

~\

increasing treatment durati 0 |n1ease peratiig temperature during treatment
[
(Abdelkarim et al., 2050 2 Vj‘: %0
Based on F@, d@ inle mness are not statistically significant

N
between org c nan-grga &hm@é&l as well as samples treated at different

durations cong aie&éated samples. There were also no statistical

differ een prestre ed (Ggmlnute treatment) and post-treated water spinach

saK milar to findings orTTc:é’sh cut cucumbers by C. Zhang et al. (2023).
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4.3 Effects of Ultrasonic Treatment on Microbial Availability

Figure 4.8: Representativ al Compariso Ofll\/l?léﬂ Auvailability Between (a) Pre-
Treatment Sam es, )Contrpl Ultrasonicated Samples

Reductlon obial @ty en@ prolonged shelf-life and makes raw or

minimally pr ve et%a‘ier fGrjwman consumption. Figure 4.8 visualised

compar een,p bﬁt ent post-treatment samples. The pre-treatment

sampl sh n in Figure 4.8 a)j;s high microbial availability up to 1 x10° cfu/g
ed to post-treatment samples, where the microbial availability has been
cessfully reduced by more than 2 log reduction as shown in Figure 4.8 (b) and (c).
he increase in colony forming units in 10* and 10° dilutions in Figure 4.8 (a) may be

caused by cell aggregation due to absence of pre-treatment to separate bacterial cell
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flocs (Di Caprio, 2020) or due to clumping of colonies caused by inadequate mixing of

the sample with the melted agar during pour plate preparation (Sanders, 2012). T

There was currently no internationally acknowledged microbiologi ndards
for raw vegetables nor there is a Malaysian standard, however here are
recommendations of a safe level for consumption (Badosa et al., 2008), For example,

le less likely to

ie (US) and National

of nM;ter{%and

Performance Standards for Safe Food, 2003). B n'the prestre nl fxtkc%gs in

in Ireland, the acceptable level of microorganism in vegetabl

cause foodborne illness is below 10° cfu/g (Institute of

Research Council (US) Committee on the Review of the

this study, all water spinach samples have acce eve { organ&.

1000 -+
100 +

10 +

log10 CFU/ml (x100)

H
2 HI-—s—
3
w

7 mins 15 mins 0 min 1 min 7 mins

Organic Non-organic

Treatment duration

= Control & Ultrasonic

Figure 4. @ late ye&sﬁd Microbial Availability in Water Spinach Leaves

| re 4 9 presented the\c@rfparlson between pre-treated and post-treated water

S Ieaves, which presented reduction of total microbial availability after both
ersion (control) and ultrasonic treatment. There is no significant difference in the
duction of microbial availability between control and ultrasonicated samples. This

finding supported the outcome of Microbiological Risk Assessment Series No. 44
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conducted by the Food and Agriculture Organization of the United Nations and World
Health Organization that currently no postharvest treatment for leafy veg?!s

produces significant microorganisms’ reduction (FAO & WHO, 2023). cq\

Table 4.5: Comparison Between Control and Ultrasonic Treatment in R ing Microbial
Availability

Reduction (log) \’

Treatment time

(mins) Organic
Control
1 1.54
7 1.01
15 1.17

The comparison of log reducti@

treatment was presented in Table C.S. The re

higher in all control samples @reat

samples treated for 15 minuteSThe

ultrasonicated treatme $.03 an

discrepancies in the&alp te M collection may be due to varying degrees of
bilit @counts were done manually, causing
¥ 5
NN
T -Minutes t ‘ant o‘_(_ n-organic water spinach samples by ultrasonic
tre showed a higher Iog{aﬁction (1.82) compared to control treatment (1.57).

A \h the data in this study was not statistically significant, there are findings that
&1 er ultrasonic treatment duration resulted in significant decrease of microbial
vailability on cherries (Muzaffar et al., 2016; Pinheiro et al., 2015).The lower values

of log reduction for almost all ultrasonic-treated organic and non-organic samples in

L o=
=
(o]
-
B

p@vely at 1 minute treatment. The

s
by

intermediate precCisi nd

large total err%sco etal, 2
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this study may be attributed to difficulty in removing viable microorganisms due to high
affinity of adhesion to vegetable surface resulting from long periods of time twm

harvesting and post-harvest cleaning (Lucia et al., 2018). %\

Washing and soaking can remove microorganisms from raw watér spinach
physically, however there is possibility for bacteria to thrive via mechanical damage on
leaves that allows easier penetration into nutrient rich cell cv@ With ultrasonic
waves applied during washing or soaking, it provides iohal action to ensure

bacterial damage that affects the viability by action on ce m aMacti@ion

- R
of intracellular esterase (Traore et al., 2019). Y
4
LY

\
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