Influence of drying treatment on the physical and bemical properties of cucumber
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ABSTRACT

The present study evaluates the effect of dryiegtinents such as convective air drying and freegiegion
the colour, texture, chemical properties (ash, mjgéibre and vitamin C), phenolic compounds and
antioxidant activity of cucumber. The trials in tbenvective chamber were done at 40 °C and 60°@ei
drying tunnel were done at 60°C and in the frelrger were done at -50°C. It was possible to cateckhat
the air drying at 60 °C (drying chamber and dryiagnel) produces small changes in colour of cucumbe
whereas air drying at 40 °C and freeze drying pétg more intense colour chang@éAth relation to texture

it has been possible to deduce that the skin idenghan the peel in the fresh product, and thereasing
drying temperature increases the hardness of the eterms of ashes it was possible to verifyt thih
values are similar but the value more similar te tfesh product was the one dried at 40°C. Thersuga
contents (reducing, non reducing and total), wégédr for the freeze drying and the trials for @iying at
60°C (chamber and tunnel). Regarding fibres, it feamd out that the higher value was obtained for a
drying at 60°C and the lower for freeze dryingtdrmms of vitamin C it has been possible to conclinde all
treatments have a very pronounced effect in itzigtan. In terms of antioxidant activity and pheool
compounds it is possible to verify that the differdrying treatments are quite similar and do noidpce
significant reductions as compared to the freshlypct
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INTRODUCTION

Cucumber belongs to cucurbits family such as melaatermelon, pumpkin and zucchini. These
vegetables/fruits in fresh have many health bemefiipidemiological studies have shown a strong and
consistent protective effect of vegetable consunmpéigainst the risk of several age-related disesisgls as
cancer, cardiovascular disease, cataract and mmadedgeneration [1]. Fresh vegetables contain inutiet

and healthful constituents, including minerals,i@itiant components, vitamins, such as C, E and A,
phytochemicals such as folates, glucosinolatespteaoids, flavonoids and phenolic acids, lycopene,
selenium and dietary fibef&], being relatively low in calories.

Portugal is known for use fresh vegetables, suckugsimber mainly on salads and convenience foods.
Under therapeutic aspect, cucumber has refreshidgdéuretic properties and can also be used against
intestinal cramps [3]. Cucumber is a fruit thatspite the low sugar content and low calorific valbas a
high nutritional value [4].

It is valued mainly for its freshness, to be eatem in salads or in the form of canned sour (pikland the
size of the seeds influences the quality of th&,fragardless of whether to be used in fresh dvegickled

[5]. However, they are quite sensitive to microbial Em®E, even when refrigerated, being sometimes
convenient to use some conservation methodologie$, as drying, in order to extend their life.

Dehydration is important either for the chemicatloe food processing industries. Drying aims ataeng

the water in the food up to a level at which micablspoilage and deterioration reactions are gyeatl
minimized.The wide variety of dehydrated foods available ndaye to the consumer in the form of snacks,



soups or dried fruits, as well as the quality dedsagnd energy savings, make it inevitable the watdeding

of the drying process [6].

Conventional air-drying is the most frequently uskshydration operation in food industry, and thgirdy
kinetics is greatly affected by air temperatureywa#l as the material characteristic dimension.tnother
hand, the other process factors practically danfatence the drying rate. Due to the lost of gre@aounts of
water, dried products are characterized by low gities and high apparent densities. Significanbicol
changes occur during air drying, due to oxidatiomcpsses and Mailhard reactions. Therefore, thiei@tian

of the colour after drying is a pivotal aspectgcsitthis characteristic is frequently expected tadsimilar as
possible to the fresh product [7].

Dried products maintain a high fraction of theitnitive value but often are devalued due to thextdre. In
fact, drying damages the product texture considgrabd causes, in many cases, loss of integrityeih
controlling the textural characteristics duringidgy it is necessary to attend to the product charapd the
drying conditions [8]. Instrumental Texture Profilenalyses (TPA) allows measuring the mechanical
properties of foods in an objective way, and thefife obtained can be used to estimate the textural
attributes: hardness, adhesiveness, and chewimeksge( to the elastic nature) and cohesiveness and
springiness (related to the plastic nature) [8].

The present study aims to compare the colour, textohemical properties, phenolic compounds and
antioxidant activity of the cucumber in fresh arftemadrying, specifically freeze-drying, convectidr
drying in tunnel and convective air drying in a otieer at different temperatures.

MATERIALS & METHODS

The cucumber was purchased in a local market, wlagieeled and cut into slices of approximately 1 cm
thick, prior to drying. For the convective dryirggchamber with ventilation was used (Binder WTB) ¢he
operating temperatures were set to 40°C and 6@°@hel drying tunnel (Tray Drier UOP-8, Armfield)eth
temperature was kept at about 60°C. For these ttii@s the drying time was 24, 12 and 5 hours,
respectively.For the freeze drying, the samples\iterzen in a kitchen conventional freezer, and tleé in
the freeze-drier for 96 hours at a temperature éetw 50 °C and - 54 °C, and a pressure of 0.7 Pa.

The colour of the fresh and dried samples was asdessing a handheld tristimulus colorimeter (Caom
Meter - CR-400, Konica Minolta) calibrated with aite standard tile. The texture of the fresh (s
peel) and dried (peel) samples was assessed usntuee analyser (TA — XT Plus, Stable Microsysigm
The chemical properties of the fresh and dried $esnwere evaluated in terms of ash, sugars, findr a
vitamin C, using established methodologies [9]. enolic compounds and antioxidant activity of the
fresh and dried samples were assessed using agetbmeter (Shimadzu — UV Mini-1240) at different
absorbencies.

RESULTS & DISCUSSION

The average values of the colour parameters faurober in fresh, after drying in the chamber, in tilrenel
and in the freeze-drier are presented in TablehkrevL* stands for brightness (from 0-black to 1fite),

a* for green-red balance (negative-green, positad- and b* for blue-yellow balance (negative-blue,
positive-yellow).

The air drying at 40 °C produced some changeseirttiiour parameters, in relation to the fresh pchdu
increased from 64.68 to 73.18, indicating thatdhied samples were lighter. a* increases from -AQdl-
0.22, showing that the greenish colour almost disaped with drying. As for b*, it increases jusgstly,
from 25.07 to 29.81, being the dried samples maibow. Considering these changes, it looks as é&f th
cucumber is maturating and that no browning reastare taking place.

The drying at 60 °C in the chamber turns the fpralduct slightly lighter, much less green and makow
with L*, a* and b* values of 68.08, -2.59 and 31,.88spectively.

The product dried in the tunnel (also at 60 °Ghésone that presents less changes as comparee fieesh
product, among the convective dryings tested. tabe slightly lighter, less green and less yelld#=(
65.47, a*=-8.26 and b*= 21.04), which may be duddécomposition of chlorophyll and other pigmenifs]|
The freeze drying induces the highest change hirligss, although the other colour parameters pedigtido
not change (L*= 81.80, a*=-9.49 and b*= 24.88).

Table 2 shows the values obtained for sugar camt@rtiucing, non reducing and total) for cucumiver i
fresh, after air drying in the chamber and in tnanel and after freeze-drying, expressed in drysbas



Table 1.Colour parameters of fresh and dried cucumber.

COLOUR L* a* b

Fresh product 64.68 -10.15 25.07
(£5.68) (£1.96) (£4.60)

40 °C 73.18 -0.22 29.81

prying (£5.06) (:2.00) | (+4.5)
chamber 60 °C 68.08 Y 189
(+4.96) (+3.87) (+3.05)

Freeze drier 81.80 -9.49 24.88
(+3.50) (¢1.51) (+2.82)

Tunnel (60 °C) 65.47 -8.26 21.04
(£5.18) (+2.03) (+4.31)

Table 2. Sugar contents of fresh and dried cucumber.

Reducing Non Reducing Total
SUGARS (/100 g d.s.) (g/100 g d.s.) (g/100 g d.s.)
Fresh product 1.93 0.38 233
(+0.03) (+0.04) (+0.04)
40 °C 0.11 0.15 0.04
Drying (+0.01) (+0.004) (+0.002)
chamber | oo 0.05 0.11 0.06
(+0.01) (+0.01) (+0.01)
Freeze drier 0.18 0.05 0.24
(0.001) (+0.003) (+0.01)
0.05 0.06 0.11
0
Tunnel (60 °C) (+0.002) (+0.002) (+0.0004)

The total sugars of the fresh cucumber were 2.380y4 d.s., and all drying treatments producedaatiir
reduction in this chemical property. Comparing dligerent dryings, the freeze drying is the one kehthe
higher value was obtained for total sugar contalthough it still represents a loss of 90 % of saga
relation to the fresh state. Reducing and non riedusugars also present the same kind of trendndihing

in all dryings.

In Table 3 it is possible to find the mean valuesoeintered for vitamin C, ash and fiber contents fo
cucumber in fresh and after the different dryings.for vitamin C, the fresh cucumber content wa8.98
mg/100 g dry solids, corresponding to 12 mg, wher@ssed in wet basis, which is a value higher thah
reported byKang et al., around 9 mg [11]. In all dryings the vitamin Cntents decreases drastically,
corresponding to a degradation of more than 90 Bts Would be expected, taking in consideration thest
chemical compound is very much affected by tempeeat

The mean value for the ash contents of the freslirober was 17.79 g (dry basihe dryings induced
some losses in the ash contents, with the fregzeglgiving the higher loss (almost 50 %).

The value for the fibre of the fresh cucumber wa® @ (dry basis), and also in this case there \werse
losses with drying, particularly in the case offre drying.

With respect to texture, Figure 1 presents theagewnalues of hardness for the skin and the pegksh
cucumbers. Three different cucumbers were analymedl 9 measurements were performed in each
cucumber. The results show that the hardness ofiskiigher than the hardness of peel, for all ouwers,
and that the results of the three cucumbers asenaach alike. From the results obtained the vakiarated
for the hardness of the skin is around 94 N andHerpulp around 70 N. Karg al. [11] report values for
firmness of fresh cucumber between 70 and 90 N.



Table 3.Vitamin C, ash and fibre contents of fresh and dcecumber.

VITAMIN C ASH FIBRE
(mg/100gds.) | (g/100gd.s.) | (g/100gd.s.
Fresh product 248.96 17.79 0.79
(+0.06) (£0.28) (+0.06)
40 °C 18.76 14.90 0.37
Drying (+0.0003) (+0.80) (+0.03)
chamber 50 °C 18.17 11.85 0.57
(£0.0007) (+0.36) (x0.01)
Freeze drier 18.99 9.66 0.18
+0. +0. +0.
(£0.0003) (+0.08) (x0.01)
Tunnel (60 °C) 21.77 10.60 0.54
(£0.0002) (£0.10) (x0.01)
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Figure 1.Hardness of cucumber measured in the skin anckipulp.

Figure 2 presents the variations in firmness ofghlp from the fresh state to the various driedson&he
drying in the chamber at 40°C almost does not predinanges in the pulp firmness, whereas the diying
the chamber at 60 °C is the treatment that indtlegighest changes, increasing hardness to artizmdN.
The freeze drying produces intermediate changéenmess, increasing to around 90 N.
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Figure 2.Hardness of the cucumber pulp in the fresh formaftet the different drying treatments.

Tables 4 and 5 show the percentages of extractitih methanol and acetone, for the estimation of the
antioxidant activity and phenolic compounds, refigely. In all cases three extractions were madiés |
possible to verify that the values obtained arey wmilar for all the samples of cucumber analysaut



furthermore, in the last extraction still an im@nt percentage of recovery was obtained, eithertHer
methanol or the acetone solvents. The same treptdserved in the Table 5, being however important t
notice that the '8 extraction of methanol and®3xtraction of acetone gave higher percentagestodaion
for the phenolic compounds than for the antioxidaotivity.

Table 4. Percentage of extraction with methanol and acefon¢he fresh and dried cucumbers to determine the
Antioxidant Activity.

% EXTRACTION
Trial Fresh Chamber Chamber Freeze Tunnel

40°C 60°C Drier drier
1* Extraction Methanol 53 51 54 54 53
2" Extraction Methanol 31 30 29 30 30
3" Extraction Methanol 16 19 17 17 17
1* Extraction Acetone 40 40 45 51 45
2" Extraction Acetone 34 35 32 32 33
3" Extraction Acetone 26 24 23 17 21

Table 5. Percentage of extraction with methanol and acefon¢he fresh and dried cucumbers to determine the
Phenolic Compounds contents.

% EXTRACTION
Trnal Fresh Chamber Chamber Freeze Tunnel

40°C 60°C Drier drier
1* Extraction Methanol 42 43 42 42 42
2" Extraction Methanol 34 33 34 34 34
3" Extraction Methanol 24 24 24 25 24
1° Extraction Acetone 46 46 46 46 46
2" Extraction Acetone 28 28 28 28 27
3" Extraction Acetone 26 26 26 26 26

In the case of antioxidant activity, two calibratibnes were doney = 371.33x + 4.7398; R2 = 0.9898as
the first one, and it was used for the fresh cuanmnand the cucumber dried in the chamber (40 @riCy;
y = 350.45x + 5.4233; R2 = 0.991#as the second line and it was used for the frdeed and the cucumber
dried in the tunnel. For the estimation of the phiencompounds content, only one calibration cuwaes
determined:y = 2.998x + 0.1583; R2 = 0.9934.

Figures 3 and 4 present the results of antioxidatitvity and phenolic compounds, respectively, toe
different cucumber samples analysed.
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Figure 3. Antioxidant Activity for fresh and dried cucumberith methanol and acetone extractions.



From both graphs in Figure 3 and 4 it is possiblednclude that the values are very identical flosamples,
thus indicating that drying has a negligible effentthe antioxidant capacity and in the phenolimpounds
contents. In Figure 3, the value obtained for ttet@ne extract in fresh cucumber was a little highan for
the methanol extract.
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Figure 4. Phenolic compounds for fresh and dried cucumbeh miethanol and acetone extractions.

CONCLUSION

The present work evaluates the effect of differdnting treatments on the colour, texture, chemical
properties, antioxidant activity and phenolic commpds of cucumber, which were dried using threesdiffit
methods: convective air drying in chamber, conwecéiir drying in tunnel and freeze-drying.

The results obtained for the cucumber enable gsmalude that the air drying in tunnel, at 60°CJ &neeze
drying were those treatments that produced produititsproperties more similar to the fresh cucumiblens
allowing to preserve the characteristics of thisdf@roduct.
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