CHAPTER 6 Y~
RESULTS AND DISCUSSION: EFFECT OF WASHING ON DAT@I"S
NUTRITION VALUE *

6.1 Introduction \[
The influence of wash treatments on the quality cha erlzcs of date fruits is of
particular interest because the wash treatment is so g that, date prec¢essors and

]
customers may do themselves. Post-harvest treat s and storage o fruj;s and

A

vegetables have a significant impact on the nutritionalguality of the producti{-aurila &
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the effect of
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Ahvenainen, 2002). Unfortunately, only a few re

thi dy was required

wash treatments on the quality criteri &auits.

to investigate the influence of cugrent wash egs

total sugars (TS), total
A

phenolics (TP), and antioxidant ity (AC), and“final » suggest optimal wash

treatment settings suitable for (ﬁbﬁuit atior@washing effect on date fruit’s

nutrition value was e ineZhroughlom ring@. S, TP, and AC of the washed
'3 3

samples with that owr sa ‘IN wash mples) the method is described in

sections 3.7 - 3.74.

&
?:l %O
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:z 1 D%dati(.)n’ob};i g‘z@t on Total Sugars
2. ntroduction NV
AN S

; te fruits are rich in simple sugars. Consuming of 100 g of dates provides
0

ximately 18 % of the daily needs of carbohydrates (Ahmed, et al., 2018). For over

Q% of the carbohydrate content dates of dates are glucose and fructose. In a particular

date fruits variety, the sugar contents can be highly vary depending on the cultivar, soil
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conditions, fruit maturity, and climate, which can have a big effect on sugar contents.
Date sugars are including glucose, fructose, and sucrose which is depending on t i
maturity stage and mostly disappearing in Tamar stage, while the overal(rg'ﬂ the
other two sugars (glucose, fructose) is mostly equal. Studies show@;q the fruit
becomes rich in sugar after the Khalal stage. Al-Noimi and Al-Amirg(1980) reported
that, in the early stages of development, sucrose content exce dMse and fructose
content, and sucrose begins to convert to glucose and fr Xn.til 'sucrose content
drops to less than 5 % in the Tamar stage. The rate of su onve siwlienced by
the temperature and relative humidity of the store@ as well as pﬁ&@gical
activities of the fruit (Al-Farsi & Lee, 2008). 4 \/Y'
NE

6.2.2  Determination of Total Su hte Fruit é

The total sugars in (TS) of uit sam \v%e ;Q\?nined as described in
ng th quatiz@n}tained from the glucose

S
The washing eﬁ% ta (TS ‘ed@on %) was calculated from the
L

following equation: \ l %
& S
TS control- zished(@'nple /TS control] *100
2 9

- g VAL
w on the ash'ing Spfution and experimental settings, all treatments

D
=, -
sh% rimental effect on t?)([a sugars. The mean TS content in control (unwashed)

(22, 3

Section 3.7.2 as glucose equiva gu

calibration curve (Figure 6. l
| sugar

w

was 775.7+£29.14 mg/g fresh weight.
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6.2.3  Effect of Tap Water on Tottws Co“te f t@ashed Dates

Samples \ O
g 1 o
The effect of tap water on ars S o.ﬁwashed date samples is
[} ",
abl

shown in Fig 6.2, data Appendi e B& Was né‘wi@p water at 25°C and 37°C

for 2 min exerted reduction wﬁsug S CO S ra@"rom 10.8 % - 19.32 %, while
washing for 5 min ca%ductiogp Jg«)‘@ ranged from 21.80 - 32.13 %
compared with co Ne res‘llt b

’%

indicates thaéemperature and washing duration have
S, reduci

%

/

a significant e

&
ates &(}}0.0S). This result also in agreement with
4

¢
that report man et 14), who revealed that the loss of sugars from date

(

fruits increased B'y nding duration of washing. Increasing the temperature

N
an\ g duration was founq‘:tl strongly accelerate losing of the soluble sugars from

@lts fleshes.
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6.2.4  Effect of 1 % Dishwashing Detergent solution (DWD) on Total Contents

of the Washed Dates Samples Y*

Effect of 1 % DWD solution on total contents (TS) of washed dat@te

shown in Fig 6.2, data Appendix 2 Table B1. Sample washed by 1 % d@%t solution
at 25°C and 37°C for 5min showed TS reducing rate of 12.11 % and 25.59 %
respectively. The effect of detergent solution on TS en aranlflcantly by
increasing the temperature from 25°C to 37°C (p < 0.05). A msrlution is mostly
made up of ionic surfactants, which work to reduce th face fensi een two

liquids, a gas and a liquid, or a liquid and a solid (Awa wad, 202 mjthﬁ&plam

the ability of detergent solution on dissolving tlvgg Y*
\

40
35 32.99763268

19.32148564
13.90935777 12118437
10.83‘29687 ’
0

Tap water, Tap water, Tap water, Tap water, DWD 1% DWD 1%
2min, 25°C  2min, 37°C  5min, 25°C  5min, 37°C

Experimental conditions

w
o

25.59982073

N
(6]

Total sugars reduction
= N
(6] o

=
o

(6]

utiods C for 2 and 5 min Compared to Control Sample

A atain A en c-) Table B1)
N
~

Figure 6. nt R uci?) fﬂ&{al Sugars by Tap Water and 1% Detergent
and
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6.2.5 Effect of Sodium Chloride Solutions on Total Sugars Contents of the
Washed Dates Samples

The effect of sodium chloride (NaCl) solutions on TS contents is o\n Fig
6.3, data Appendix B Table2. Samples washed with 1% sodium chlor&ptions for
5 min showed reduction in TS contents of 7.34 % and 17.8 % &% and 37°C
respectively, compared to control sample. While sample washed withi2% NaCl showed
TS reduction of 9.96 % and 11.76 % at 25°C and 37°C, re &; amples washed
with 3 % NaCl showed TS reduction of 18.22 % an .65 9 wimd 37°C

i 'cz{nt‘@‘gion

in TS contents of the samples (p < 0.01) ex i aseoﬁ Cl. I\BG may be

attributed to the fact that heat enhances disselvi and?sis oféfzgle sugars in
dates tissues. \: ) &
- o o A o

25

respectively. Increasing in washing temperature resulteddin a very si

c
2
B 20 1822 17:81 18:65
>
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Experimental conditions

v N
% &Y

Fi@{ .3: Total Sugars % Reduction in Samples Washed with different

concentrations of NaCl (1 %, 2 % and 3 %) Solutions at 25°C and 37°C

for 5 min Compared with Control Sample (Data in Appendix 2 Table
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6.2.6  Effect of Sodium Bicarbonate Solutions on Total Sugars Contents of the

Washed Dates Samples Y*

The effect of NaHCO3 solutions on total sugars contents (TS) of the \dates

effect on TS contents of the examined samples. The effect slightlyfincreased with
increasing the temperature, contact time, and the solution cMration. The TS
reduction rates ranged from 0. 39 % for 1 % concentratio Sc an' 2 min washing

duration to 7.5 % for 3 % concentration at 37°C and 10 washi QW' Because
]

sodium bicarbonate is an amphoteric compound, @xoluti s are ildl‘@aline

due to the formation of carbonic acid and hydro?‘p S (% & SQE'e, 2008).
s surf L

Sodium bicarbonate has a pH of 9 can wo acuS\nt o crea@ater ability to

penetrate date fruit’s surface. Incrw )lashing ratl®<<enhancing sugar
AN

solubility in water.

“« Q-
&
6.2.7  Effect of Acetic Aci 0 Total‘%@gars Contents (TS) of the
Washed Dat {
£
As shown in &@.1, Wil i hac E_acid (AA) resulted in very little effect
on TS contents. Pecreasing i tents ashed samples gradually increased with

[
increasing i wratur , con tﬂmU d the solution concentration from 0.75 % -
&kv Ny
4.92 %.Qm/ cid has.sh a streng attitude in removing pesticide residues because

acetﬁ.&has more power as @ating agent (Amir, etal., 2019) and also can enhance

0@

is of sugars.
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6.2.8  Effect of Hydrogen Peroxide Solutions on Total Sugars Contents (TS) of
the Washed Dates Samples

The effect of hydrogen peroxide (H202) on TS contents of wash Ie is
shown in Table 6.1. Washing with hydrogen peroxide H>O> solutlonsekd a higher
effect on TS content than NaHCO3 and AA solutions. The effeWeased with
increasing washing duration and concentration from 4 % for_co ratlon of 1% at
25°C and 2 min washing duration to 12.3% for concentrati Wat 5°C and 10 min
washing duration. The increasing in temperature from to 3 CWto reduce

the TS reduction rates, this may attribute to exothermi re of H20,.r, ac#icl{by ause

H>0- is exothermic reaction increasing temper K or r(?'sing itto

6.2.9 Effect of Potassium Per@ayanate z%al '%rs Contents of the

\
Washed Dates Samp a q Qc:)

the opposite direction.

Effect of potassium perman natjj ) so@s on TS contents is shown in

Table 6.1. KMnO4 sol% wed |

and 5 min (0.45 %&%respelc ut th ect become greater (14-33 %) with

increasing of th olu n co n, th hlng duration, and temperature to cause
. "3

the maX|mu r uctl of 38% {/ 3 solution was used for duration of 10 min

at 37°C<O b 2 f

he other hand, HZOK KMnO4 at 3% concentrations, had a more dramatic
e%*bn total sugar levels. By increasing the contact time, the sugars loss from date

was increased. According to the findings, acetic acid, hydrogen peroxide, and

e&t S content than that of H,O, at 2

otassium permanganate had a minor negative effect on total sugars, with the exception

of H20, and KMnOg at a concentration of 2 %, which had a significant effect on the
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total sugar contents of washed date fruit samples. Soluble sugars are easily dissolved in
washing solutions and are continuously lost from dates. Time and temperate?ule

important considerations in the washing process (Osman et al., 2014). c}

Table 6.1: Total Sugars Contents and Reduction % in Samples Was&Different
Concentrations (1 %, 2 %, and 3%) of Sodium Bicarb mAcetic acid,
Hydrogen peroxide and Potassium permanganate at 25C° and 37°C for 2,5
and 10 Minutes. (Values are mean +SD)

NaHCOs Acetic acid KMnOg4
Experimental conditions
TS Rd % TS Rd % Rd %o TS Rd %
1 %, 2min, 25°C 772.59 0.39 769.80 0.76 40 .03 72.13 0.46
1 %, 5min, 25°C 768.50 0.92 763.56 1.5 741.34 4. 'P?O.GQ~ 0.65

1 %, 10min, 25°C 755.50 2.6 754.36
1 %, 2min, 37°C 769.77 0.76 762.66 49 ?53.48 2.86
1 %, 5min, 37°C 762.04 1.76 757.41 1.76Y\,/752.66 2.97

1 %, 10min, 37°C 751.80 3.08 749.N .38 ' (]%\ 740.27 4.57
2 %, 2min, 25°C 770.14 0.71 76% . Q3 719.52 7.25

| @o 1.02

2 %, 5min, 25°C 765.79 1.28 N 0.80 .79 716.38 7.69
2 %,10min, 25°C 753.45 2.88 759.88 % 6.42 711.49 8.28
2 %, 2min, 37°C 767.11 1.1 8 : 4.56 725.91 6.42

7.32 707.44 8.80
7.82 700.65 9.68
11.5 680.71 12.24
12.16 666.94 14.02
12.28 658.75 15.08
7.52 558.62 27.98

2 %, 5min, 37°C 763.70 : 59.733

2 %, 10min, 37°C 748.90 %\ 5M
3 %, 2min, 25°C 758.79 : 56.6 :
3 %, 5min, 25°C 73% 75 54.5
3 %, 10min, 25°C 738.04 < 4. 5\" 22
3 %, 2min, 37°C @ 471 ™, 750.92

3 %, 5min, 37°C 73 : 745 . . 812 55128 28.93
3 %, 10min, 37° \17,5’ .?" 7 . . 950 51439  33.68
; [ N
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6.3 Washing Effect on Total Phenolic Contents of Date Fruits Samples

6.3.1  Introduction T
Phenolic compounds are valuable antioxidants and free radical sc@s, as

well as reducing agents (Aryal, et al., 2019). Among the phenolic cont ate fruits

are ferulic, sinapic and cinnamic acids, along with various cinnamic'aCid derivatives,

coumaric acid, vanillic acid, syringic acid, gallic acid, protocCatechuic acid, p-

hydroxybenzoic acid and caffeic acid. Apparently, after it e dri'ad, it is said that

the phenolic content increased because of the removal nnin bw yet to be

‘X
substantiated (Alfaris et al., 2021). é | _@
’ <

6.3.2  Determination of Total Phenolicw ts oé\Da ampl@r

The phenolic contents (TP) of datefruit,Samples ete@d by the method

described in Section 3.7.3 based Or@iBC acid e\al%t ip‘Q\rhe equation obtained
\

from the gallic acid calibratio igurg 6.4. washing effect on TP contents

o

N O

A“’
was calculated from the foI@quT J %\
[TP «% P washe r'gpllzz'% control] *100
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\ﬁc Cogﬁrs'
0 at6{€ and 37°C, was

result Table 6.2 indicated
significant effect of the temperature igufated “gn'f@y decrease TP contents
during washing (P<0.05). The% es ated(Q?S min showed reduction of

TP by 9.42 % and 12/89 %%at 25°CEIj° @ctwely, which is significantly
samp

different (P < 0. 05) om TP co shed for 2 min at 25°C and 37°C.

Increasing the W tem d dur causes very significant decrease in TP

6.3.3  Effect of Washing with Tap Watger on ctal

Reduction in total phenolic con \% 2 %

observed in the sample washed by

contents (p < nd icé & Le ﬁ!thperature and washing duration are essential

factors t 29 mg,t e d o in hydroly5|s rates of the dates constituents into
ater w

rinsing hich contmuousLy;&Ereases their mounts in the dates’ flesh.

S
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Table 6.2: Effect of Water and Detergent Solution at 25°C and 37 °C on Total
Phenolic Contents for Washing Duration of 2 and 5 Min

Sample TP. Contents (ug/g) % Reduction

Control sample 1.64 +0.05 ('a

Tap water, 2min, 25°C 1574 £ 0.15 ¥
Tap water, 2min, 37°C 1.525 +0.09 .00
Tap water, 5min, 25°C 1.48 +0.06 Y-v 9.42
Tap water, 5min, 37°C 1.43+0.03 12.86
Detergent 1%, 5min, 25°C 1.53 +0.07 \, 6.74
Detergent 1%, 5min, 37°C 1.28£0.0 21.54

200

6.3.4  Effect of DWD solution on Total Phenoli ntents
The effect of DWD solution on TP contents own i? Fig 6.2, data;z'l:a
Samples was washed by DWD solution for 5 min at two

temg@fe 25°C and
37 °C. Washing at 25°C reduced the TP c@y 6:

mpared to control, which

is significantly different from that otsamp w a (&54 %). Increasing of

washing temperature causes a very ? cant decreasg in T@ntents even for the same
q

time duration (P<0.001). Dete’@ ontai ctan@ﬁét increase water ability to

N
penetrate dates’ peel a disglves congtituents in Qé)%esh, while heat ease dissolving
the constituents in tewlt ee aaﬁ , aﬁt@ﬁng the water or detergent to easily
dissolve sugars ad‘daw the lawa to thdﬁe water.

(} g :'C)O

6.3.5 Sodi | id%&alution on Total Phenolic Contents
& vl
ect'of NaCl solutions oqjl3 contents is shown in Table 6.3. Samples washed

b MNaCI solution for 5 mkat 25°C showed total phenolic reduction ranged from

Yo - 3.6 %. TP reduction rate increased gradually with increasing of solution
Qﬂlcentration.
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Samples washed by 1 % NaCl solutions for 5 min at 37°C showed total phenolic
reduction ranged from 5.2 % - 6.8 %. It is noted that the increasing in &Tﬂw
concentration at 37°C do not have a significant effect in TP reduction@e the
temperature effect is dominant. The activity of NaCl may refer to its aﬂ&ature (pH
5.76) which catalyzing dissolution and dissolving of phenolics andeutrition in

dates tissues.

Table 6.3: Effect of Differrent Concentrations of NaCl S ; (1 1/0 2 % and 3 %)
at 25°C and 37°C for 5 Min on Total Phe ntent E 1
Washing TP ug /g 9 %R
Unwashed sample ‘ | L )
1% NaCl  5min, 25°C . 2 \@.6

205 NaCl  5min, 25°C Y@ N a4

3% NaCl  5min, 25°C \, 7@\ é\v 5.2
1%NaCl  5min, 37°C (q 2 6.8

2% NaCl  5min, 37°C \ 2.33 @) 6.8
3% NaCl  5min, 37, °C -0 ) A 7.6
' 7z 4

o y S
6.3.6  Effect of Sodium Bi& ate Mon Total Phenolic Contents
tion‘show

Effect of sodium icewm?le SO'J ; @e 6.4. The effect of washing
W.

increased with increasing

N @
NaHCO3 solutio@ ta elof T reduc@gradually increased from 0.32 % by
N

concentrationt%‘hl.ZS° apd 2 mi } wa duration to reach the maximum reduction
0.0 ion

w

-9

hidl atl)m&emperature, and concentration of

rate of 4.15,% °C for 10 min duration. When concentration

% concentr.
s . . .
of 1 % zat25° wa§ U%Q'washmg duration do not exert a significant effect
onﬂ{ ction rate, while at'37°C there was a significant reduction (P<0.05) in TP
%\s by achieving reduction of 0.74, 1.54, 3.69 % for washing duration of 2, 5 and

Qmin. The effect of NaHCO3 became more drastic by using concentration of 3 % at
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37°C. Decreasing of TP contents of dates by washing was reported by Osman et al.

X
K\g

Effect of acetic acid solution on TP contents of the washed s shown is in

(2014).

6.3.7  Effect of Acetic Acid Solutions on Total Phenolic Content
Table 6.4. The effect of AA solutions on TP reduction was rangw 1.4 % for 1 %
concentration, and duration of 2 min at 25°C to 14.17 9 R% caoncentration and
washing duration of 5 min at 37°C. From result in T , ch ndwperature
contact time and solution concentration resulted in ificant reductign ) in

TP contents. Temperature and contact time han waterSto ‘pe tra dates

tissues and dissolve the phenolics what si |f|ca Iy n\'e to @Bsmg of TP

N

form dates’ tissues.

&

6.3.8  Effect of Hydrogen P r Itﬁlons ot @?enollc Contents

The effect of hydrogen pe de ) n T tents is shown in Table 6.4.
1 % H20; solution f Was durjlon 2 at 25°C, exerted unsignificant
increasing in TP |Ie mln" ed strong effect on TP reduction
ranging from 11 1% tion 0 and washing duration of 5 min at 37°C

C

to 38.14 % at @rat' n of d\dzﬁ'&ing duration of 10 min at 37°C. The results
indicate %creas,n M era;g'} contact time and H20 concentration increases

h
the TP"% reduction. Changlng%an of the examined factors resulted in significant

dé ing (p <0.05) in TP contents
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6.3.9  Effect of Potassium Permanganate Solutions on Total Phenolic Contents
The effect of potassium permanganate solutions on TP contents is shown iwe
6.4. KMnOs showed the highest reduction effect on total phenolic c@ The
reduction of TP contents ranged from 13 % when the solution concentrﬂﬂN/as 1% at
25°C and washing duration was 5min to 50.66 % when the concentrmas 3% and
washing duration was 5 min at 37°C. The results also indicate that incCréasing in KMnO4
concentration, solution temperature and contact time m U|tTj in significant
decreasing of TP contents and increasing the % reduction Pdu int process.

stic effec "P@; %

*

The result revealed that the 3 % solution at 37°C h

reduction) what strongly reduces the nutrition he.waS es fruits.

These results are agreeing with somw ofsthat orted@%;man et al.,

(2014) who illustrated that washing ;ruii with runni waé%cetic acid, citric

acid, hydrogen peroxides and potas%oerman@ﬁ\t&%n dx ecrease TP contents

@

by increasing the contact time. ‘% q
N A‘"
X |3 $
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Table 6.4: Total Phenolic Contents (ug/g ) and Total Phenolic Reduction % in Date’s
Samples Washed by (1 %, 2%, and 3%) NaHCO3, AA, H202 and KMnO4
Solutions at 25°C and 37 °C for 2, 5 and 10 Min Compared to Un

Sample '\
_ _ NaHCOs AA H0: 4™ ) KMnO;
Washing solution TP Rd% TP Rd% TP Rm TP I?/(()j
1%, 2min, 25°C  2.19+£0.05 0.32 2.19+0.06 14 2.2+ 0.12+ T 1.91+0.12%  13.02
1 %, 5min, 25°C 2.2+ 0.05 0.46  2.12+0.04%* 453 1.95+0.03 11. 1.63£0.012« 25.87
1%, 10min, 25°C  2.12 £0.20* 0.360 2.09+0.02* 495 1.67+0. NOG 1.53£0.0.03* 30.42
1 %, 2min, 37°C 218+0.04 074 2.12+0.09¢+ 451 .hQSG 1.79+£0.02«  18.37
1 %, 5min, 37°C 2.17+0.16 154 2.11+£0.07« 4.12 ; 9'44 1.46+£0.02%  33.62
1%, 10min, 37°C  2.1240.01* 3.69 2.09+0.10¢# 5.07 1 0.01= w.4310.03* 35.05
2 %, 2min, 25°C 2.18+0.04 1.86 2.17+0.07+ 31! 1‘.5426701* 29.97
2 %, 5min, 25°C 2.18+0.05 1.09 2.105+0.2+% 6 ' .kcélom* 39.12
2 %,10min, 25°C  2.12+0.04%  3.69  2.04+0.09# v Y.'ZQi0.0Q* 41.42
2 %2, min, 37°C 2.18+0.035 1.89 2.06+0.05+« 6. 39 8? 1.35£0.01%  38.59
2 %, 5min, 37°C  2.15+0.046% 2.03 2.043+0.1 M * 3@ 1.32+0.01%«  39.89
2 %, 10min, 37°C  2.11+0.004« 4.15 2.02+0.1 .34 \ 20 %9.44 1.23+0.01%«  43.98
3 %, 2min, 25°C 2.17+0.04 1.07 2.0551& 6.57 9.89 1.35+0.02%  38.59
3 %, 5min, 25°C 2.11+0.04« 391 2.(%2* 8\@5 37.98 1.32+0.03# 39.9
3%, 10min, 25°C  1.78+0.01* 19.25 1. A3+ ¢ 11.75 . ; 39.27 1.27+0.01%  42.03
3 %, 2min, 37°C 1.73+0.01% 21.1 +0.13 7.5 q1.3 .01+ 40.17 1.29+0.01+« 41.41
3 %, 5min, 37°C 1.65+0.01% 24 ZXZi 1 23 @710.03* 37.62 1.20+0.05%  45.28
3%, 10min, 37°C  1.62+0.07+# 6%1.881 10+ 31 .17\ .36+£0.01% 38.14 1.08+0.04+«  50.66
* Values are significantl% t(p< 965) fram.contrel (unwashed sample)

h as
6.4.1 r uctio‘ﬁ

b
N
fruits has long bs&r':’

thought to be a healthy source of antioxidants.

@ants prevent the oxidative processes that cause degenerative diseases like heart

Uease, brain dysfunction, and arthritis (Mohd & Makpol., 2019). Many studies

reported that an aqueous extract of date flesh has an important free radical scavenging

activity against superoxide (O™) and hydroxyl (OH") free radicals which known as
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reactive oxygen species (Vayalil 2002; Esteban et al., 2005). The same extract also
prevented lipid peroxidation and protein oxidation which led to macrom

damages in living cells. DPPH has the advantage of being unaffected @side
reactions that may cause by enzyme inhibition and metal-ion chelating'éqarowiczet
al., 2004). A newly prepared DPPH solution has a deep purple colow maximum
absorption at 517 nm. When an antioxidant is present in the mediumy’the purple color
usually disappears. Thus, an antioxidant molecule can qu rYP.H lfree radicals by
contributing hydrogen atoms or electrons, possibly throu eera icw:)n DPPH

molecules and converting them gradually to a nonco products i, (42;®enyl-

lting if | decréase in UV
orbaﬂce rease%h greater the
antioxidant activity of the measured SN Ie(aamaguchl " 1@
\ Y
N
6.4.2  Determination of DP%bitio?l Activity of Fruit Extracts

&

DPPH inhibition act'*':tf dat’ It extract s evaluated by the method

described in Section 3. ' Q’
4 ¢ &
N | S %(J
6.4.3 Effect ing Waé‘(m DPPH Inhibition Activity

‘

Effect piwater on D I—ﬁn 'biaon activity is shown in Table 6.5. Samples
- \ -

Washed%%aterfb 2 P shov& reduction in DPPH inhibition activity ranging

fro % t0 16.09 % at 25 ° d 37 °C, respectively compared to DPPH inhibition
S

1- hydrazine, or a substituted analogous hydrazi

absorbance at 517 nm. As a result, the faster

a \lf}of the control (unwashed sample). While samples soaked for 5 min showed
eduction percent ranged from 11.50 % to 19.90 % at 25 °C and 37 °C, respectively.

creasing of water temperature from 25°C to 37°C, resulted in significant decreasing
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in DPPH inhibition activity, this may attri

contents of date fruits.

6.4.4
The effect of detergent solution on
6.5. Sample washed by 1 % DWD solutio

activity of 82.67 % with reduction rate of

Effect of DWD Solution on DPPH Inhibition Activity

bute to the fact that hot water reduces the TP

DPPH inhibition activity an in Table

n at 25°C for 5 min PPH inhibition

QEOW
iththe i h|b|t|on activity

3.47 % compare

of unwashed sample. While, at 37°C, DPPH inhibition aCtiwvity w dWo 69 84 %

with reduction rate of 18.45 %. However, increasi

25°C to 37°C, significantly reduced the D
(P< 0.05). It well known the ant|OX|
corresponding its phenolic contents

solutions and this process is stron

lowest % removal for pest|C|de

Table 6.5: DPPH Inhibitlo

ﬁf;l‘og%

washing

p}r&rg from

e washed sample

a@’g

Iost by washing

PPH Ctl

d etables is

ugh water gives the

sy R

nutrl(tgfa/alue of date fruits.

of Samples Washed by Tap

hib
Water Detefgent qutlon re troNUnwashed Sample) at 25°C and
37°C forz%un (Me'a ) Q
Sa I ition % Rd%

Tap wate |n 25° 4+250 = 2.70
Tap w 37° | @ 7410 = 16.09
Tap W |n 25 (57 .80+ 1.95 = 11.50
Ta 5 mi 37° .  68.60 +3.83 * 19.90
(@ ent aﬁ <> 82.67 +2.89 * 3.47
: ergent at 37°C \,\T 69.84 £1.32 * 18.45

nwashed sample \c’) 85.65 + 3.43 * -

Ve
N

lues with (*) are significantly different (p < 0.05).
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6.4.5  Effect of Sodium Chloride Solutions on DPPH Inhibition Activity

The effect of NaCl solutions on DPPH inhibition activity of date sampwms
examined using three concentrations, 1 %, 2 % and 3 % at 25°C and 37°®uown
in data Table.6.6, sample washed with NaCl solutions at 25°C shov@Nuction in
DPPH inhibition activity as the following 3.97 %, 4.89 %, 5.86 "/&Whe solution
concentration of 1 %, 2 %, and 3 % respectively compared with ashed sample.

Increasing in NaCl concentration exerted small effectoég'nhi ition activity (<

2%). Washing at 37 °C exerted strong effect on DPP bitio aWnd caused

®

reduction of 12.31 %, 11.84 %, 11.51 % for the three entrations, pdctl@. The

nt c@ntrations
at fixed temperature (25°C or 37°C) wereﬁ'q@ icam\ (P .OS),@; there were

significant differences (P <0.05) in D Inhibition activiti bet@‘h samples washed

at different temperature which ind% that tﬁg\enp?r r;Q\&the dominant factor
% Na 2

rather than the concentration in

may refer to its acidity (pH ii%ich’: elpiin d@tion of phenolics from date’s

tissues into rinsing wa ' Q’
4 ¢ &

Table 6.6: Effect E%erent ':on tion odium Chloride Solutions (1 %, 2 %
and t 25°C far ti urati 5 Min on Antioxidant Activity (DPPH
ay),. Co

le ¢ ¢ .7 Inhibition % Rd%

I2 {‘S" 71.27+195a 3.97

aCl, 2'5 4 X 7052 +3.83 b 4.89

53 o NaCl, 25°C c_}' 69.87 +2.89 ¢ 5.86

\ % NaCl, 37°C N 65.08 +1.15d 12.31

2 % NaCl, 37°C 65.08 +2.23 d 11.84

3 % NaCl, 37°C 65.67 +1.76 e 11.51

Q Unwashed sample 7422 +1.17¢ -

ote: Rows with different letters are significantly different (p > 0.05)
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6.4.6  Effect of Sodium Bicarbonate on DPPH Inhibition Activity

The effect of sodium bicarbonate (NaHCO3) solutions on DPPH inw
activity of date samples was examined using three concentrations ,1 %, 2 % at
25°C and 37°C. Result is shown in Table.6.7. Samples washed wit!ﬁ'& NaHCO3
solution at 25°C showed reduction in DPPH inhibition activity rangedRm~2.3 % - 3.56
%. There was no significant difference between DPPH inhibitionwactivities of the
washed samples at 25°C through all time intervals and t mo

'I activity of the

control (p > 0.05). While at 37°C, the DPPH inhibition“feductio ra\s@e washed

o
samples ranged from 11.44 - 13.38 %, inhibition a@f samples ekig@‘g\tly
decreased (p < 0.05) compared to control BLQ S n@i@nificant
difference in inhibition activities within ngpl@\s r rding,@?(;eference in
washing duration (p > 0.05). \% é

Washing with 2 % NaHCO@qstion at §\°Osi$w @nificant decreasing in
N,
DPPH inhibition activity comp%h coﬂrol (P<«0.0 ged from 12.26 - 16.33
&
i - in

i t& were significantly different

%. The inhibition activities within¥2- a’
from each other (P<0$2:};j, bxs@d reduction in DPPH inhibition
’ &
om1 @J’

y 3 3S0 n at 25°C showed significant decreasing

SamplesK

in DPPH in w activity_c pd’re(t_\bv' h control (p < 0.05). The reduction rates
There&}s significant difference in the effect of washing
0 min at 25°C. Whi ¢%~37°C the reduction of DPPH inhibition activity rates
r xrom 19.46 - 23.06 %. However, at 37°C, the decreasing in inhibition activity
Q 2, 5 and 10 min was very significant (p < 0.001) compared to control. The
ifference in decreasing of DPPH inhibition activity at 25°C and 37°C at 3 %

concentration was significant (p < 0.05) at all washing durations.
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6.4.7  Effect of Acetic Acid (AA) Solutions on DPPH Inhibition Activity

The effect of (AA) solutions on DPPH inhibition activity of washed date %
is shown in Table 6.7. Samples washed with 1 % acetic acid (AA) solu@%%
showed the lowest effect on DPPH inhibition activity of washed sampléAgreduction

rate ranged from 0.411 % to 7.9 %. While at 37°C the reductloRates of DPPH

inhibition activity were ranged from 2.88 - 10.03 % compare control sample
S

inhibition activity. Though the DPPH inhibition activiti he samples were

and washing duration when the AA concentrati
2 % acetic acid solution treatment at

activity ranged from 9.3 - 11.26 %. D ina)iti

25°C were significantly reduced c ed to co t 7@*the DPPH inhibition
activities of the washed sampl edu d by:10.08 -Q:I. % compared to control
sample inhibition activity creasing ing t rature from 25°C to 37°C,
mostly resulted in signifi op- In“ll anti f‘lhaﬂéttlvny of the washed samples. 3
ion of antioxidant activity ranged from 21.22 —

% AA solution at exerte(i
29 %. While at 37°C antlc@ﬁnt activity ranged from 30.07- 42.44 %.
The differe ecame ore nlf' caQtJ hen washing was performed at 37°C at all
Washln atten. It is well’know a antioxidant activity of date fruits refers to the

Wathle constituents sq{l}r’ the presence of acidic solution and heat these

c nts will dissolve faster from tissues to the washing solution and this will be led

G creasing in antioxidant activity of the dates flesh extract.

150



6.4.8 Effect of Hydrogen Peroxide (H202) Solutions on DPPH Inhibition
Activity Yv

The effect of H202 solutions on DPPH inhibition activity of washed @g}mles

is shown in Table 6.7. Samples washed with hydrogen peroxide ( solutions
showed strong effect on decreasing the antioxidant activities of the Washed samples.
The exerted reduction rates of antioxidant activities of wash dMes ranged from
9.72-50.92 %. The reduction rates were significantly enha 0.('5) by increasing

in washing duration and washing temperature. While in ing i wcentration
B

Yw
do not show significant change in antioxidant reducti es. J ' .S
? 4
\ \Y

6.4.9  Effect of Sodium Permanganate§glutions ou\D Inhi Vzr:Activity
The effect of Sodium Perman%Z}Mnozl) S ons@DPPH inhibition
activity is shown in Table 6.7. T?@Stioxidan\cr'w?ie Qévashed samples were

N
significantly reduced by KMn ions.nThe ctioqéates ranged from 6.15 —

38.89 %. The antioxidant MS Jf m W@ at 25°C for 10 min were

significantly different %\; of control ;'0@: Inhibition activities of samples
’ &

valsgysignificantly different from that of

control and alsa,significant 't fro mples treated at 25°C under the same
¢

concentratio g@/ashi g dur or{ T@i creasing in any of the measured parameters
\
C ng

(solutio% tratiﬂrb_te’]Peraturé\and washing duration) resulted in significant

Yw
reduction,in DPPH inhibition c@*ﬂy.
e\&ﬁortunately, studies delving effect of washing solutions on nutrition value of
a

fruits are very limited in literature so, extensive studies should be conducted to

washed at 37°C for®different 'I

xplore the effect of chemical and household washing techniques on the nutrition values

of fruits and vegetables. The effect of the examined solution on total sugars (TS) for 2-
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5 min seemed to be in descending order as follows: H>O > detergent >NaCl > H,O>
>KMnO4 >NaHCO3z >AA while, concentration of 3 % KMnO;4 at 37°C forw
caused destructive effect TS contents ranged from 27.98 — 33.68 %. ('}

The effect of wash treatments on TP resulted in gradual decreasin contents.
The study revealed significant differences (p <0.05) in reductionYe.s'of phenolic
content between samples washed for different time intervals di mmperatures and
different solution concentration, but the effect of temperatu L&:ti n concentration
is greater than the effect of contact time. In general, the ing Iu\h@ect on TP

"X
contents was in descending order as follows: KMnO4 2> > II>X§BC03>

detergent > Tap water. At concentrations of 3 COQs sh mo@stractive

24 %é\v
os@%llowing asimilar

ate fruits is mainly refer

effect for TP and caused reduction rates ra

The effect of washing on antioxiw;aity (AC)
trend as TP. Since it is well known @Ttioxida\&&y

to the presence of constituenl%high

phenolics and flavonoids (Biglari all
between TP contents M idant activi “(}\@ date fruits was established and
2

reported by many mers (f\ 8, Biglari et al., 2008).
&

\
ical @enging activity such as
&

152



Table 6.7: DPPH Inhibition Activity and Inhibition Activity Reduction % of Samples
Washed by Different Concentrations (1 %, 2 % and 3%) of Sodium
Bicarbonate, Acetic Acid, Hydrogen Peroxide and Potassium Perma
Solutions at 25°C and 37°C for 2, 5 and 10 Min Compared with @awashed
Sample Inhibition Activity (74.22 %)

4

Washing solution ~ NaHCOs Rd% AA Rd% H:0: Rd% n Rd%
1 %, 2min, 25 °C 72.64 2.30 7405 0411 6713 9.72 69. 6.15

1 %, 5min, 25 °C 72.02 3.15 72.35 2.71 64.54 13.28Yﬂ.07 8.45

1%, 10min, 25 °C 71.72 3.56 68.46 790 61.11 .67 65.31 12.17
1%, 2min, 37 °C 65.85 11.44 72.18 2.93 60.59  18. 65.56 11.84
1%, 5min, 37 °C 64.73 12.95 72.22 2.88  59.26 4 66.14 11.06
1%, 10min, 37 °C 62.36 13.38 66.90 10.03  44. :56 l 63.64 14.42
2%, 2min, 25 °C 65.25 12.26 67.42  9.30 11.03
2%, 5min, 25 °C 64.97 12.62 68.64  7.70 11.31

2%, 10min, 25 °C 63.22 14.8 6598 11.26 11.31
2%, 2min, 37 °C 61.94 13.97 66.86 10 16.40
2%, 5min, 37 °C 60.38 16.20 63.91 14.05 20.34
2%, 10min, 37°C 60.50 15.97 50.71 T 2451
3%, 2min, 25 °C 63.46 14.28 58.5 21, 16.16
3% 5min, 25 °C 62.26 16.26 57 wi%l 21.15

3%, 10min, 25 °C 62.68 15.71 73 /29.09 4@ 54.44 26.78
3%, 2min, 37 °C 59.89 19.46 51. 30:07\ 0. 59.27 20.29

8 é.?B 56.33 24.24

3%, 5min, 37 °C 58.31 21.58(1.07 38. 7.4
3%, 10min,37°C  57.21 23.0 80p 4244 3649575092 4544 38.89

7]
N &
6.4.10 Conclusion N

{ (
The effect of opt% of Wgﬁ i o‘nd@ namely concentration, duration,

and temperature onsdatefruit’s putmvalue%&{ total sugars (TS), total phenolic (TP)

and antioxidant‘@apacity (DP itio aQ\l/vi was studied. The mean contents of
c&; ¢ J,IP cr%} v)
total sugarQS) repartechas gl

ucq{vquivalent (mg/g) of fresh weight. All washed

sample a ccﬁ ideraple I(é\on total sugars contents increased according to,
OV

c Aon, washing duraﬂ&h and temperature. However, H>0,, KMnOs and

on
@3 showed reducing % of total sugars at the concentration of 3 % at 37°C.The

ect of washing solutions on TS for 2 and 5 min seemed to be in descending order as

>

ollows: H>O>detergent >NaCl >AA>NaHCO3>H,0, >KMnO4 while, at 10 min and

concentration of 3 % KMnO4 caused the highest decreasing in TS contents (>33 %).
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When compared to the control, all treatments resulted in a significant decrease in TP
content (unwashed sample). Increasing the duration, temperature, or concentrw
the washing solution resulted in a greater decrease in TP content. The res@aled
significant differences in phenolic content (p<0.05) between samﬂNashed at
different time intervals, different temperatures, and different concm)ns, but the
effect of temperature and concentration was greater than the chontact time. In
general, the washing solutions effect on TP contents was in m rrder as follows:
KMnOs > H,02 > AA > NaCl >NaHCOz3> detergent > wate HWthe effect

of washing on antioxidant activity (DPPH inhibition

ivity) follow a{ir@znd

r% phe@ content.

. |V€ﬁ\Je of-date fr@&Tuit, washing
temperature is the most important fac&asider. Washing s%@} be done at 25°C

or lower, with a 1-2 % concentratio@ﬁne washl\mlgti

as TP, which could be due to the fact that AC i

To minimize the effect of washing on the
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