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ABSTRACT

Response surface methodology was used to study the effect of antibrownirsg agent
(4-hexylresorcinol, glutathione, H8cetylcysteine and ascorbic acid) and storage
time (14 days) on the color of minimally processed Fuji apples. dlbeted color
parameters were'|.a, b, hue angle (h and color differenceE’). Storage time
had a significant effect on all the studied color parameteg.@p). 4
hexylresorcinol showed the most effective individual effect on kgeponstant a
values (g0.0001). Besides, the interaction ofaletylcysteine/glutathione was
found to have a significant effectp.05) on maintaining aalues over time. On
the other hand, individual treatment withaldetylcysteine in concentrations higher
than 0.75% w/v may be used in order to presenamd h. According to thé--test,
4-hexylresorcinol and Mcetylcysteine ($0.05) displayed a significant individual
effect onAE’, indicating thatAE~ decreased when increasing the concentration of



these antibrowning agents. Nevertheless, color difference went down @
hexylresorcinol concentration increased up to 0.5%, but higher concentrations of
this agent led to an increase/R that indicates browning.

Key words: freshcut apples, antibrowning agents, color, response surface
methodology
INTRODUCTION

‘Fuji’ apple (Malus domestic&orkh.), a cross between red “Delicious” and
“Ralls Janet”, was introduced in Japan in 1962. Nowadays it is exédnsi
cultivated in the main applgroducing areas of the world. This apple
cultivar stands out for its excellent quality and sensory chaistate such
as juicy, firm, crispy, finggrained with a sweet, spicy flavor that has high
sugar and low acid content, as well as good storage potential (Steivial
others 1991; Yoshida and others 1995).

Freshcut or minimally processed fruit is an important market in fast
development because of their convenience and-filesiguality. However,

it is well known that minimally processed fruits and vegetableganerally

more perishable than the original raw materials (Gorny and off$£8;

Pittia and others 1999), being prone to surface browning usually caused by
oxidase enzymes. Browning and its control have been extensively studied
and reported in many fruits such as apples, pears and bananas (Rocha and
others 1998; Abe and others 1998; Scelatuny and others 2001; Abbott
and Buta 2002). Traditionally, sulphites have been used for prevention of
browning. However, their use is limited because of their toxidygngar

and McEvily 1992). On the other hand, consumers are demanding a
reduction in the overall use of chemicals on fresh products and aiternat
methodologies are being investigated to extend Sifeldf freshcut fruits.

The use of natural compounds and their derivatives has been found to be



effective in reducing browning in many fresht fruits and vegetables
(Ahvenainen 1996; Buta and others 1999; Son and others 2001; Genzalez
Aguilar and others 2001; Gorny and others 2002). The most frequent
alternative to sulphite is ascorbic acid which is generallggeized as safe
(GRAS) antioxidant for being used in fruits and vegetable to prevent
browning by the US Food and Drug Administration (FDA). However, its
effect is temporary (Ozoglu and Bayindirli 2002) so that other alternatives
should be found to control browning. In this sense, several stdfuaining

amino acids and their derivates have been investigated as inhibitors of

enzymatic browning (MolnaPerl and Friedman 1990; Nicoli and others
1994; Son and others 2001; Gormapd others 2002). Cysteine and
glutathione belong to this group. Both compounds act by redusing
guinones back to thew-diphenols precursor, preventing the formation of
pigments or reacting witb-quinones to yield colorless compounds (Richard
and others 1991). In the case aféxylresorcinol, it has been stated that it
is effective in the control of enzymatic browning in several applgvars,
although its effect is better when used in combination with other iregluc
compounds such as ascorbic acid (Mons&weazalez and others 1993; Luo
and Barbos#&anovas 1997; Dong and others 2000).

The use of an adequate experimental design is plantiz important in assessing the effect
of treatments on quality attributes. Response sarfmethodology (RSM) consists of
mathematical and statistical procedures to stuéy rthationships between one or more
responses (dependent variables) and a numbertofsgindependent variables) (Diniz and
Martin 1996). The multvariate approach reduces the number of experimenfgoves

statistical interpretations and indicates whethesrameters interact (Myers and
Montgomery 2002). Central composite design is thestmwidely used response surface

design.



The objective of this work was to evaluate the individual or combinedteff
of 4-hexylresorcinol, glutathione, -slcetylcysteine and ascorbic acid on the

color of minimally processed Fuji apples in cold storage by a RSM.

MATERIALS AND METHODS

Apples

Fuji apple cultivar was chosen for this study beeaof its extensive use and the rapid
browning of its tissue after cutting. The appleseverovided by ACTEL, Lleida, Spain, at

commercial maturity and stored at 4 + 1 °C prioptocessing. A characterization of the

raw material was carried out according to AOAC prres (Horwitz 2000).

Fruit processing

Selected apples of uniform size were cleaned, destd cut into 4 mm thick slices. These
were then dipped for 1 min in water (control) orffafient combinations of -4
hexylresorcinol, glutathione, -Hcetylcysteine (SigmAldrich Co., Steinhein, Germany)
and ascorbic acid (Sigmfadrich Co., St. Louis, Mo., U.S.A.) aqueous sadai, according
to the experimental design (Table 1). The excessohftion was then blotted off, and the

samples were stored in plastic bags in contact thihair at 4 + 1 °C for 14 days.

Color measurement

Cut apple surface color was directly measured with a Macbetbr-Epé

3000 colorimeter (MacbetKollmorgen Inst. Corp., Newburgh, NY). The
equipment was set up for illuminant D75 and 10° observer angle and
calibrated using a standard white reflector plate. Three readisge
obtained for each replicate by changing the position of the apple sBliget
uniform color measurement€olor was recorded using a GlEa b  color

space, wheré¢” indicates lightness, andicates chromaticity on a greed (



to red (+) axis, and kchromaticity on a blue-) to yellow (+) axis. Total

color difference 4E) was calculated as follows:
AE" = [(AL")? + (Ad)? + (Ab) M2 Equation 1
Numerical values of and b were used to calculated hue angl®:(h

h' = arctan bia Equation 2

Experimental design and statistical analysis

RSM was used to study the simultaneous effect of antibrowning amyohts
refrigerated storage time on fresht apples. A central composite
experimental design was chosen for this purpose (Khuri and Cornell 1996;
Myers and Montgomery 2002). The experimental design yielded 44
experiments where the first 32 experiments were organizedctorit
points, from 33 to 42 in star points and 43 and 44 involving the replications
of the central points (Table 1j.was assumed that a mathematical function
existed for each response variableirYterms of 5 independent variables: 4
hexylresorcinol, glutathione, -Bcetylcysteine, ascorbic acid, and storage
time. Concentrations of arbrowning agents varied from 0.0 to 1.0% (w/v)
and storage time from 0 to 14 days. Full design is shown in Table 1.

Table 1. Experimental central composite design used to study dot eff

natural antibrowning agents on color of Fuji apple sfices

Variables
Run Coded Uncoded
(4- (N-
X1 X X3 X4 Xs HR) (Glut) Cyst) (AA) (1)




10
11
12
13

14
15
16
17
18
19
20
21

14
14
14
14
14
14
14
14
14
14
14
14
14
14
14
14

22
23

24
25
26
27
28
29

30
31

32

0.5 0.5

0.5

33




34 1 0 0 0 0 1 05 05 05 7
35 0 -1 0 0 0 05 0 05 05 7
36 0 1 0 0 0 05 1 05 05 7
37 0 0 -1 0 0 05 05 0 05 7
38 0 0 1 0 0 05 05 1 05 7
39 0 0 0o -1 0 05 05 05 0 7
40 0 0 0 1 0 05 05 05 1 7
41 0 0 0 0O -1 05 05 05 05 0
42 0 0 0 0 1 05 05 05 05 14
43 0 0 0 0 0 05 05 0.5 05 7
44 0 0 0 0 0O 05 05 05 05 7

& Central composite with one block and with 44 assays.

® Uncoded variables: concentrations of antibrowning agents in % w/v and
storage time in days-HR = 4hexylresorcinol, Glut = Glutathione,-Qyst

= N-acetylcysteine, AA = Ascorbic acid and t = days of storage.

The selected responses were B, b, h and AE. The seconarder

response function for our experiments was predicted by the Eq. 3

Y=B9+ZIBiXi +leiiXiZ+ZBinin! Equation
3

whereY is the dependent variablg is the constantp;, i andp; represent

the coefficients of thdinear, quadratic and interactive effects, respectively;
Xi, Xi> and XiXj represent the linear, quadratic and interactive effects of the
independent variables respectively. Thdgmensional surface plots and

contour plots were drawn to illustrate the interactive effectsheftwo



factors on the dependent ones, while the other factors were kept constant
The analysis of variance (ANOVA) was used in order to determine
significant effects of 4HR (X3), Glut (X;), N-Cist (X3), AA (X4) and t (%)
onL,a,b, h andAE . In order to find significant differenceB;values at
probability levels of 0.0001 and 0.05 were studied. DeExjpert 6.0.1
software package (StakEase Corp., Minneapolis, Minn., U.S.A.) was used

to generate designs to fit the response surface model to thensxmpet

data and drawn response surface plots.

RESULTS AND DISCUSSION

Characterization of flesh apples

A physicochemical characterization was carried out to offerilddta
information about the fruits used in the study, such as firmness, soluble
solids content, titrable acidity and color of Aarocessed apples (Table 2).
Initial L", a and b values of the apples slices were 76.4 + Q172 + 0.2

and 6.3 = 0.33, respectively. These values were considered as a eeterenc

determine the changes in the color parameters during the storage.

Table 2. Analytical characteristics of flesh apples.

aw 0.9845+ 0.0008
pH 3.96+0.18
Firmness (N) 9.46+ 0.17
Soluble solids (°Brix) 13.4+£ 0.5
Total acidity (g citric/100g) 0.23£0.12

Dry content (%) 13.48+ 0.03




Moisture content (%) 86.52+ 0.02

Color parameters

- 76.4+ 0.7
z 1.2+ 0.2
5 6.13+ 0.33

Color evolution

Results of the analysis of variandetést) for each dependent variable and
their corresponding coefficients of determinatiof) (@btained by fitting the
experimental data to the second order response model are shown i8.Table
The developed models for' La, h and AE appeared to be adequate
(p>0.05), showing no significant lack of fit (p>0.05). The regression
coefficients for the quadratic models for, la, h- and AE are listed in
Table 4. However, the developed model for did not result to be

significantly appropriate (p>0.05).

CIEL", a, b color parameters

The L value is a useful indicator of darkening during storage, either
resulting from oxidative browning reactions or from increasing prgme
concentrations (Rocha and Morais 2003). In the present study, all the
observed changes in color parameters were found to be highly redated t
storage time, especially the decrease invalue (R = 0.8217) (Table 3).
Lightness of fresfcut Fuji apples without treatment (control) decreased
from 76.4 £ 0.7 to 66.44 + 0.03 during 14 days of refrigerated storage, while
L" values of treated frestut apples with antibrowning agents were

maintained constant during all storage time without any significant



decrease. Similar effects in kalues of apple slices (var. Liberty) dipped in

a 1% solution of Nacetylcysteine or glutathione were observed previously
by Son and others (2001). Storage time has been considered the limiting
factor in the shelfife of minimal processed fruits by various authors
(Brecht 1995; Wiley 1997). Kim and others (1993) reported that the L
value of 12 apples cultivars, different from Fuji, decreased sharpiggdur
storage time. They assumed that changes were due to enzyroatignigy
caused by tissue damage with consequent enhancement of the contact

between enzymes and substrates.

Table 3. Analysis of variance of the second ordedehfor color attributes.

F-values
Source D.F. L’ a b h AE
Model 20 5.30 5.86 1.79 2.18 11.03

Linear
X1 (4HR) 1 041  23.16 2.58 419  12.06
X, (Glut) 1 0.12 3.67 0.091  1.18 3.79

*

X3 (N- 0.019 2.61 0.18 2.93 4.30
Cyst) 1

X4 (AA) 1 0.15 1.69 1.75 2.71 1.73
Xs () 1 2411 2228  9.75 719 15284
Quadratic

X2 1 0.44 6.59 1.57 154  16.71
X2 1 0.020 0.00016 0.011 0.036 0.13
X4 1 0.037 0.014 0.21 0.14 0.87
X4 1 0.061 0.020 0.029 0.079 0.78




X2 1 2898  0.72 3.42 0060 1.64
Interaction

X1X5 1 0.39 0.74 0.00027 0.78 3.11
X1 X3 1 0.011 1.46 0.14 0.16  0.0029
X1 X4 1 0.13 0.38 2.10 0.15 1.94
X1 Xs 1 1.78 0.13 0.011 0.68 12.25
X5 X3 1 0.048 7.84 0.050 3.22 0.10
X5 X4 1 0.11 0.064 0.56  0.0051 0.0050
X5 Xs 1 0.25 6.46 0.036 2.27 3.81
X3 X4 1 0.016 0.42 0.015 2.19 0.78
X3 Xs 1 0.029 8.16 0.45 4.29 4.83
X4 Xs 1 0.60 0.57 0.76 2.32 1.83
Residual 23

Lack of fit 22 14 111.21  2.33 3.15 15.20
Pure error 1

R? - 0.8217 0.8359 0.6090 0.6549 0.9056

4-HR = 4hexylresorcinol, Glut = Glutathione,-8lyst = Nacetylcysteine,
AA = Ascorbic acid and t = days of storage.
D.F.: degrees of freedom
* significant at £0.05

** gignificant at p<0.0001

Table 4. Significant regression coefficients of sieeond order polynomial equations.

Coefficients

Model term L" a h' AE
X1 (4-HR) N.S -5.5467 34.9389 -10.5365
X3 (N-Cyst) N.S N.S N.S -2.8467
Xs (t) -3.3238 0.0669 -1.6070 0.7641
X412 N.S 4.1071 N.S 10.4320
X2 0.2047" N.S N.S N.S
X1 Xs N.S N.S N.S -0.1768
X2 X3 N.S 1.2419 N.S N.S




X Xs N.S -0.0805 N.S N.S
X3 Xs N.S -0.0905 0.769 -0.11109

4-HR = 4hexylresorcinol, NCyst = Nacetylcysteine and t = days of
storage.

* significant at g£0.05

** gignificant at p<0.0001

N.S: no significant

The a value is a measure of greenness and is highly related to baluges

of apple flesh (Goupy and others 1995). Changes irvadues have
previously been used in monitoring browning at cut apple surfaces
(McHugh and Senesi 2000). Figure 1 shows the graphical representation
(Pareto plot) of the size effect of each variable ovearal any of these
variables resulted significantp.05) when the size of its effect was greater
than 2. The positive values of linear regression terms indicatéhthhigher

the concentration of antibrowning agent or the higher the storagethime
higher the avalue (Table 4). The analysis of the overall data set indicated
that 4hexylresorcinol £=23.16) and storage timdé-£22.28) showed the
most pronounced individual effects on respons).(@001). The negative
sign of the effect of hexylresorcinol 4.61) indicated that an increase in
the concentration of this compound lead to a decreasevializes. On the
contrary, the positive (4.54) effect of the storage time indicatad d
values increased over time (Figure 1). The interaction betweeatgarie

and Nacetylcysteine R=7.84) had the least significant influence on a
(p<0.05) (Table 3 and Figure 1). Whenradetylcysteine or glutathione were
used individually, high concentrations (around to 1% wi/v) were necessary t
keep a values effectively during all storage time (Figures 2a and Bis)i$



in agreement with the results obtained by Son and others (2001) who
observed no change in the color of Liberty apple slices dipped in a 1%
solution of cysteine or glutathione. By contrast, Nicoli and others (1994)
indicated that a treatment of 0.1% of cysteine in Golden Delicippes

was sufficient to keep the color at 0 °C for no longer than 1 d. Accoimling
these authors, this ineffectiveness of the treatment was attibuthe fact

that the employed concentrations were low. However, high concentrations
of sulphurcontaining compounds such asaletylcysteine and glutathione
may produce an unpleasant odour in fruits and vegetables when used as

dipping agents (Iyidogan and Bayindirli 2004).

P=0.05
A:4-Hexylresorcinol |-4.61
E:Storage time| |4.52
AA | |2.89
CE | -2.63
BC | 2.50
BE | -2.22
D:Ascorbic acid | |-1.7
B:Glutathione | |-1.57
C:N-acetylcysteineﬁ |-1.29
0 1 2 3 4 5
Size of effect

Figure 1. Pareto plot for the individual effects and significant interactions

on a values of Fuji apple slices.



The combination of different agents in lower concentrations may prevent
browning better than a specific chemical agent aloreysteine at lower
concentrations than 1 vh may be used together with different types of
antibrowning agent to control enzymatic browning and this combination
may be more suitable in terms of odour andidilimg effect (Ozoglu and
Bayindirli 2002). In our study, a synergistic effect was observed on the Fuiji

apple slices when coupling-&tetylcysteine and glutathione.

(a)
1.50 AR IS ssSsy
07g] TR
-0.01
® -0.76
1.52
14 (
1.00
\g\“\

(b)




Figure 2. Response surface for the effect ofabktylcysteine (% wiv) (a)
and glutathione (% w/v) (b) with storage time (days) owalues of Fuii

apple slices.

The effect of the interaction of both agents oralues are shown in Fig. 3a
and 3b, corresponding to storage days 7 and 14, respectively. The N
acetylcysteine/glutathione combination gave the bestadues (j0.05)
during the first 7 days of storage (Figure 3a), being necessacgtrations
around 0.60% w/v of each antioxidants to maintaimadues near the initial
one (1.2 £ 0.2). However, higher concentrations of these agents were
required to keep ‘avalues around initial value after 14 days of storage.
Molnar-Perl and Friedman (1990) showed that the combination -of N
acetylcysteine and glutathione, at concentrations of 25 orNsOpmevented
browning of Golden and Red Delicious apple slices. Additionally, quadratic
term of 4hexylresorcinol £=6.59 ; x0.05) had a significant effect on the
response, indicating that” adecreased when this antibrowning agent
concentration was increased up to 0.7% w/v, but higher concentrations of



this agent led to an increase invalues and thus a darker product. This fact
suggests the use ofhexylresorcinol in low concentrations. Son and others
(2001) reported that-Aexylresorcinol in low concentrations (0.1%) was the
most effective antibrowning agent in preventing the browning of Liberty
apple slices. Monsalveonzalez and others (1993) showed that
concentrations of-4hexylresorcinol beyond 0.03% may result in an increase
of the residual content in the apple tissue and may also influence appl
flavor. Nevertheless, the efficiency ofhéxylresorcinol in the control of
enzymatic browning has been demonstrated by several authors, its
effectiveness is better when used in combination with other compounds
(Dong and others 2000), as demonstratedLby and Barbos&anovas
(1997) who found that the combination chdxylresorcinol with ascorbic
acid improved browning control in Fuji apples slices. Moreover, Monsalve
Gonzalez and others (1993) found that low concentrations -of 4
hexylresorcinol and ascorbic acid in the 6@0A5 % and 0-0.5% ranges,
respectively, were sufficient to control browning in apple quarters.

The b values indicates chromaticity on a blug to yellow (+) axis. This
value is a measure of yellowing in a lot of products, but it is reofuiently
associated to color changes of apple tissues. The ANOVA arfaly$e
values indicated that the term was not significas®D(P5) indicating that

this value did not seem to be related to browning (Tabl&iB)ilar results
were obtained by Rocha and others (1998) on cut apple (cv. Jonagoned),
who suggested that enzymatic browning at the cut surfaces of appllels

be monitored by measuring changes in reflectanant a values while b
values seemed to be unrelated to the appearance of browning.afd b
values were adequate, these parameters were used to assdsr ttleanges

in Fuji apple slices. Usually, a decrease invalue and an increase in a



value are indicative of browning (Mastrocola and Lerici 1991; Monsalve
Gonzalez and others 1993).

(a)

N-acetylcysteine (% w/v)

(b)

N-acetylcysteine (% w/v)

Glutathione (% w/v)



Figure 3. Contour plots for the effect of glutathione (% w/v) and N
acetylcysteine (% wi/v) on aalues of Fuji apple slices after (a) 7 and (b) 14

days of storage.

Color indexes (hand AE")

The hue angle and color difference are indexes frequently applied to
represent changes in color of fruits over time. AsidAE" color indexes

are not only calculated from land a but also from bparameters, bralues
were used to calculate them even though the model ‘faedulted not

significant.

h* angle




Figure 4. Response surface for the effect ofabktylcysteine (% w/v) and

storage time (days) on hngle of Fuji apple slices.

The h is an angle in a color wheel of 360°, with 0°, 90°, 180° and 270°
representing the red, yellow, green and blue hue, respectively (Rodha a
Morais 2003). The hue value represents true color, which is effective f
visualizing the color appearance of food products (McGuire 1992). ANOVA
and regression coefficients for this response are presented es aahd 4.

The h values of apple slices without treatment decreased from 102.02 +
0.72 to 63.87 £ 1.15 during the entire storage period, showing surface
browning so that storage time had the greatest significartt effethe h
angle (F=7.19; $0.05), while the effect of Mcetylcysteine with storage
time had a slight but significant effect (F= 4.29 <0®5). Samples that
were treated with Mcetylcysteine maintained higher hue values during
storage time (Figure 4), indicating thatadetylcysteine is an effective
antibrowning agent. The effectiveness ofbktylcysteine on hvalues is in
agreement with the results obtained on a* values, since this index is
calculated from numerical values of and b, showing a directly
relationship between aalues and h

Total color difference is used for determining color changes intaielge
products (Gnanasekharan and others 1992). Among the linear regression
terms, storage time had the most pronounced effedAEOn(F=152.84 ;
p<0.0001). The positive values of linear regression terms indicatedEhat
increased when increasing storage time (Table 4). Figure 5 stiwvs
graphical representation of the size effect of each variablstigaéed over



the respons&E and any of these variables resulted significasiD(@5)

when the size of its effect was greater than 2.

P=0.05
E:Storage time |12.51
AA | |4.50
AE | |-3.48
A:4-Hexy|resorcino|7 |-3.41
CE | -2.21
C:N-acetylcysteineﬁ -2.04
B:Glutathionej:|-1.90
D:Ascorbic acid []-1.41
0 2 4 6 8 10 12 14
Size of effect

Figure 5. Pareto plot for the individual effects and significant interactions

on color difference of Fuji apple slices.

Color changes at the fresht fruit surface have been extensively reported,

and most of the time browning has been considered the limiting fadtos
sheltlife of minimal processed fruits (Brecht 1995; Wiley 1997). On the

other hand, <hexylresorcinol £=12.06 ; 0.05) and Nacetylcysteine

(F=4.30 ; £0.05) showed a significant negative effectf (-3.41 and-

2.04, respectively), meaning thAE decreased when these antibrowning

agents concentrations increased (Table 3 and Figure 5). The positive

guadratic coefficient values of -lexylresorcinol (F=16.71 ; 0.05)



indicated thatAE  decreased when this antibrowning agent concentration
was increased up to 0.5%, but higher concentrations led to an increase in
AE. No significant interactions between antibrowning agents were olaserve
although there were significant interactions betweehexylresorcinol
(F=12.25 ; g0.05) orN-acetylcysteingF=4.83 ; x0.05) with storage time
(Figures 6 and 7). As shown in Figure 6, minimE was obtained when

the concentration of-Aexylresorcinol was around 0.6% w/v. The effect of
4-hexylresorcinol is generally increased when used in combination with
reducing compounds, such as ascorbic acid or glutathione. In this work, the
interaction between-Hexylresorcinol with both antibrowning agents had no
significant effect in the preservation of the apple slices @hlang 14 days

of storage at 4 + 1°C (Table 2).

282 N 1%
NIRIIRS
B INNNNY
RN

14

Figure 6. Response surface for the effect efiekylresorcinol (% w/v) and

storage time (days) on color differene¥() of Fuiji apple slices.



In contrast, Nacetylcysteine concentrations higher than 0.75% w/v were
necessary to observe a lower change in color after a period of 44flay
storage (Figure 7)0zoglu and Baymndirhi (2002) found that icysteine (1
mM) was the most effective antibrowning agent on maintaining totat col
difference on cloudy apple juice (Golden Delicious). Generally, tieeteff
cysteine appeared to be additive rather than synergistic. RemloDslapple
slices treated with a combined antibrowning dip-hékylresorcinol,
isoascorbic acid, Mcetylcysteine and calcium propionate) and kept at 5 °C
maintained visual quality for 5 weeks when reflectance measursmieht

a and b values were made (Buta and others 1999). For browning
estimation, the ‘avalue has been considered as one of the best color indexes.
In our study, it can be said thatandAE values were highly related due to
the negligible change in'land b values, that are included in the calculation
of AE .

Although ascorbic acid is a usual browning inhibitor in fruits, thisvabad

not a significant effect on the color of frestt Fuji apple. However, a
progressive and lightly darkening in the apple slices was observadyduri
storage time, indicating that its effect was not very lastBiqilar results
were obtained by Luo and BarbeGanovas (1997) on various apple
cultivars (Fuji, Gala, Jonagold, Criterion and Braeburn), which sugbeste

that ascorbic acid is consumed during antibrowning reactions.




Figure 7. Response surface for the effect chbktylcysteine (% w/v) and

storage time (days) on color differend¥=() of Fuiji apple slices.

CONCLUSIONS
This study, using response surface methodology, demonstrated that

browning may be avoided along refrigeratsbrage by an appropriate
combination of natural compounds. and AE values were the best
parameters to monitoring browning fresit Fuji apple surfaceéccording

to the obtained results-iexylresorcinol concentrations lower than 0.5%
w/v, N-acetylcysteine concentrations higher than 0.75% w/v and N
acetylcysteine/glutathione combination in concentrations higher than 0.60%
wlv, were the most effective treatments in preventing browning dddng
days of storage at 4 °C. Nevertheless, it is necessary to tevilaaeffect of
these antibrowning agents on sensory and nutritional quality attributes
order to determine not only the shidé of freshcut Fuji apples but also its

acceptance by consumers.
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EFFECT OF NATURAL ANTIBROWNING
AGENTS ON COLOR RELATED ENZYMES
IN FRESH-CUT FUJI APPLE SLICES



RojasGrau M.A., Martin-Belloso O.

Food Control (enviado)

ABSTRACT

Polyphenoloxidase (PPO) and peroxidase (POD) were evaluatednitiites
Fuji apple slices and the effect of the individual or combined usgcoflaic

acid, 4hexylresorcinol, Nacetylcysteine and glutathione on their respective
activities was determined. Additionally, color changes during staatgeC

were measured through of 14 days of storage. PPO activity indregtbe
storage time and was inhibited by the individual use-achtylcysteine and
glutathione. POD activity in the apple slices was effectiirdhbited by the
combined use of ascorbic acid with any of the other antibrowning agents.
On the other hand, an individual treatment with 1%addtylcysteine helped

in maintaining the color of frestut apples during 14 days of storage,
whereas the use of ascorbic acid was not enough to prevent color
deterioration of the apple slices from the first day of stor&gsults
obtained corroborated the effectiveness of other natural antibrownintsage
over the traditional use of ascorbic acid in the control of the enkyma
browning in the frestcut fruit industry.

Key words: freshcut apple, polyphenol oxidase, peroxidase, color,
antibrowning agents.
INTRODUCCION

Apple is a very popular fruit, consumed all over the world. Thus the
susceptibility of apple and their products to enzymatic browning during
postharvest, handling and processing operations continues to be an
important topic from the standpoint of food science and technology (Eissa,
Fadel, Ibrahim, Hassan & Elrashid, 2006). Nowadays, ‘Fuji’ apdiaus
domesticaBorkh.) is a variety extensively cultivated in the main apple

producing areas of the world. This apple cultivar stands out for ¢tdlert



quality and sensory characteristics, as well as for its g@vdg® potential
(Brooks & Olmo, 1997; Yoshida, Fan & Patterson, 1995).

Freshcut fruit is an important market in fast development because of thei
convenience and fredlke quality. However, it is well known that
minimally processed fruit and vegetables are generally moighpble than

the original raw materials (Gorny, Gill & Kader, 1998; Pittiagdi, Comi

& Massini, 1999). Mechanical stress during processing results luacel
delocalization of enzymes and their substrates, leading to biochemica
deteriorations such as enzymatic browning, -fleffor and texture
breakdown (Varoquaux, 1991). An important problem is the limited-shelf
life of those commodities due to surface browning. The phenomenon is
usually caused by the enzyme polyphenol oxidase (PPO) that, in the
presence of oxygen, converts phenolic compounds into dark colored
pigments (Zawistowski, Biliaderis & Eskin, 1991). The contribution of
other enzymes such as peroxidase (POD) to total browning mayealso
relevant (Rolle & Chism, 1987). Valderrama and Clemente (2004) indicate
that the control of the POD activity is important in processing and
preservation of foods, since it could promote darkening in fruits and
vegetables and their marketed products. Peroxidase is also ihtinetdaeed

to flavour loss and odour of stored foods, as well as a great vafiety

biodegradation reactions (Clemente, 1998).

Nowadays, numerous research efforts pursue the development of new ways
of avoiding browning in freslout fruit. Reducing agents play a relevant role
in the prevention of enzymatic browning either by reducirguimones to

colorless diphenols, or by reacting irreversibly witlguonones to form



stable colorless products (Of@diu, Aguil6-Aguayo & MartinBelloso,
2006). Ascorbic acid is extensively used to avoid enzymatic browning of
fruit due to the reduction of thequinones, generated by the action of the
PPO enzymes, back to the phenolic substrates (Hsu, Shieh, Bill & Whit
1988; McEuvily, lyengar & Otwell, 1992). It has been long applied in
combination with organic acids and calcium salts to prevent enzymati
browning of fruits (Pizzocaro, Torregiani & Gilardi, 1993; Gorny ef al
1998; SolivaFortuny, GrigelmeMiguel, OdriozolaSerrano, Gorinstein &
Martin-Belloso, 2001; Solivdortuny, OmsOliu & Martin-Belloso, 2002,
Senesi, Galvis & Fumagalli, 1999). However, some authors have established
that ascorbic acid is consumed during antibrowning reactions (Luo &
BarbosaCéanovas, 1997; Ozoglu & Bayindirli, 2002; Rofasaili, Sobrine
Lépez, Tapia & MartirBelloso, 2006). Sapers (1993) reported that once the
ascorbic acid has been completely oxidized to dehydroascorbic acid,
quinones can again accumulate and undergo browmegause of the
individual effect of ascorbic acid is temporary, other alternatshesild be
searched to control browning. Several thiohtaining compounds such as
cysteine, Nacetylcysteine and reduced glutathione have been investigated
as inhibitors of enzymatic browning (Friedman & Bautista, 1995; Son,
Moon & Lee, 2001; Gorny, Hed3ierce, Cifuentes & Kader, 2002; Rajas
Grau et al., 2006; Om@liu, et al.,, 2006). These compounds react with
quinones formed during the initial phase of enzymatic browning rea¢tions
yield the colorless addition products or to reduapimones to aliphenols
(Richard, Goupy & Nicolas, 1991).

The use of other browning inhibitor such abtekylresorcinol in fresicut

apples has been also suggested in some works (Dong, Wrolstad & Sugar,



2000; Luo & Barbos&anovas, 1997; Monsah@onzalez, Barbosa
Canovas, Cavalieri, McEvily & lyengar, 1993; Son et al., 200%).
hexylresorcinol has structural resemblance to phenolic substratés a
inhibits browning reactions by competitive inhibition of PPO. However, its
effect is enhanced when used in combination with other compound such as
ascorbic acid (Monsalv&onzalez et al., 1993; Luo & Barbe€anovas
1997; Dong et al., 2000).-dexylresorcinol may specifically interact with
PPO, rendering it unable to catalyze the enzymatic reactiore a$dorbic

acid reduces the quinones generated by PPO (Kahn & Andrawis, 1985).

The objective of this work was to evaluate the individual or combinedteff
of 4-hexylresocinol, glutathione and-&tetylcysteine on PPO and POD
activity to avoid browning in freshut Fuji apples slices, and compare it

with the commercially used ascorbic acid.

MATERIALS AND METHODS

Fruit processing

Fuji apple cultivar was chosen for this study beeaof its extensive use and the rapid
browning of its tissue after cutting. The appleseverovided by ACTEL, Lleida, Spain, at
commercial maturity, and stored at 4 + 1 °C prioptocessing. Fruits were cleaned, peeled
and cut into 4 mm thick slices. Apple slices wdrent dipped for 1 min in water (control)
or in different solutions containingtexylresorcinol (0.5% wi/v), glutathione (1% w/v); N
acetylcysteine (1% wiv) (Sigmaldrich Co., Steinhein, Germany), or ascorbic a(iéb
w/v) (SigmaAldrich Co., St. Louis, Mo., U.S.A.). Combination$ 1% ascorbic acid with
0.5% 4hexylresocinol, 1% Macetylcysteine or 1% glutathione were also testbd. excess
of solution was then blotted off, and the samplesenstored in plastic bags in contact with
the air at 4 + 1 °C for 14 days. The concentratmirsntibrowning agents used in this study

were set up according to a previous work (R@aau et al., 2006).



Determination of PPO activity

Enzyme extraction

A portion of 50 g of apple slices was blended arixechwith a Mcllvaine buffer solution
(1:1) at pH = 6.5. This buffer contained 1 M NaRlddetde-Haén AG, Seelze, Germany)
and 5% polyvinylpolypyrrolidone (Sigmaldrich Chemie, Steinheim, Germany). The
homogenate was centrifuged at 12500 rpm for 30 tainat 4°C (Centrifuge AVANTY J-

25, Beckman Instruments Inc., Fullerton, CA, USAhe supernatant was collected and
filtered through Whatman number 1 paper, and thmiltiag solution constituted the

enzymatic extract, which was used for enzyme dgtoétermination.

PPO activity measurement

Polyphenoloxidase activity was determined according to the method of
SolivaFortuny et al., (2002). Enzyme activity in crude PPO extract was
assayed spectrophotometrically by adding 3ml of 0.05 M catechol (Sigma
Aldrich, Steinheim, Germany) and pbof extract to a 4.5ml quartz cuvette

of 1cm pathlength. The changes in absorbance at 400nm were recorded
every 5 sec up to 3 min from the time the enzyme extract ededausing a

Cecil CE 1010 spectrophotometer (Cecil Instruments Ltd., Cambridge, UK
One unit of PPO activity was defined as a change in absorbance of 0.001 per
min and ml of enzymatic extract immediately after extraddition. The

initial reaction rate was estimated from the linear portiorthef plotted

curve. All determinations were performed in triplicate.

Determination of POD activity

Enzyme extraction

The enzyme extracts were made by homogenizati&@g@fof apple slices with 50ml of 0.2
M sodium phosphate buffer (pH 6.5). The homogenat® centrifuged at 12500 rpm for 15
minutes at 4°C (Centrifuge AVANTITM-35, Beckman Instruments Inc., Fullerton, CA,



USA). The supernatant was collected and filteredugh Whatman number 1 paper. The

resulting solution constituted the enzymatic extrac

POD activity measurement

Peroxidase activity was determined according to the method of Cano,
DeAncos & Lobo (1995). The reaction was started by adding 2,7ml of
sodium phosphate buffer (0.05M, pH 6.5), 0.2ml -g@gh@nylenediamine 1%
(w/v), 0.1ml of hydrogen peroxide 1.5% (w/v), and 0.1ml of extract to a 4.5
ml quartz cuvette of 1 cm pathlength. The changes in absorbance at 485nm
were measured using a Cecil CE 1010 spectrophotometer (Cecihiesiis

Ltd., Cambridge, UK). The enzyme activity unit was defined as hbheage

in absorbance of 0.001 per min and ml of enzymatic extract immediatel
after extract addition. The initial reaction rate was eg@ohérom the linear

portion of the plotted curve. Each determination was run in triplicate.

Color measurement

Cut apple surface color values were directly messwith a color meter (Minolta Chroma
Meter Model CR400, Minolta, Tokyo, Japan). Color was measuredgusine CIEL", a
coordinates. llluminant D65 and 10° observer angtze used. The instrument was
calibrated using a standard white reflector pl@En slices were evaluated from each bag.
Three readings were made in each replicate by @hgutige position of the apple pieces.
Statistical analysis

Data were analyzed by analysis of covariance ustggistical procedures of the
Statgraphics Plus V.5.1. (Statistical Graphics CRqckville, MD, USA). Specific
differences were determined by least significaffiecknce (LSD). All comparisons were

made at a 5% level of significance.



RESULTS AND DISCUSSION

Evolution of PPO activity
PPO activity of fresttut Fuji apples treated with each antibrowning agent

increased from the early days after processing (Figure 1). Kb®n7)
indicated that an increase on PPO activity might be due to tivatamwt of
soluble tyrosinase forms existing in a latent state, which woutdherwise
masked. Solivdortuny et al., (2002) point out that the latent forms of the
enzyme might be activated during storage by several factors asich
proteolysis, detergents or denaturing agents, liberated by mearal of ¢
disruption and subsequent descompartmentalisation of enzymes, substrates

and other substances present in cell vacuoles.

As can be seen in Figure 1, the lowest relative PPO activiyple slices

was obtained with the individual use ofadetylcysteine or glutathione (1%
w/v). OmsOliu et al., (2006) reported that both compounds completely
inhibited the enzymatic activity of frestut pears, although relative PPO
activity increased from the 3wk of storage in pears treated with
glutathione. As suggested by Molrerl & Friedman (1990), Richard
Forget, Goupy, Nicolas, Lacombe & Pavia (1992) and Billaud, Brun
Mérimée, Louarme & Nicolas (2004) sulpkzontaining antibrowning
agents do not inhibit PPO by themselves although they give an apparent
inhibition of activity due to their ability to conjugate with primamyidation
products to form stable colorless compounds, and this could be what

happens in this study.



In contrast, the highest relative PPO activity was observed wigeapple
slices were dipped in an ascorbic acid solution. This agrees isgh,Et al.
(2006) who reported that ascorbic acid exhibited the least inhibitioROf P
activity in Red Delicious apple slices treated with differantibrowning
agents (sodium metabisulfite, ascorbic aciehedylresorcinol, cysteine,
reduced glutathione and cysteine/ribose). Additionally, similar segarit
various apple cultivars (Fuji, Gala, Jonagold, Criterion and Braebume) we
observed by Luo and Barbe€anovas (1997) suggesting that ascorbic acid
is consumed during antibrowning reactions. Ozoglu & Bayindirly (2002)
correlated this temporary effect of ascorbic acid to the faat this
compound is oxidized irreversibly by reactions with intermediate @ngs)

endogenous enzymes and metals such as copper.

2,0

Relative PPO activity

Time (days)

—B—4HR —— 4HR+AA —A— Glut —A— Glut+AA —6— N-Cyst —o— N-Cyst+AA —%—AA

Figure 1: Evolution of relative polyphenol oxidase (PPO)iatt on freshcut apples treated with
several antibrowning agents, containing or not @scaacid, during storage at 4°C. Data shown are
mean * standard deviation.



On the other hand, some authors have indicated that the mechanism of
enzymatic inhibition differs widely for each type of antibrowningragand

that the combination of different agents may be more effectipeswventing
browning than a specific antioxidant alone (lyidogan & Bayindirli, 2004;
Ozoglu & Bayindirly, 2002). In fact, most combinations of antibrowning
agents cited in the literature or commercially available am@orbic acid
based compositions (Pizzocaro, et al. 1993). In this work, the combination
of ascorbic acid with other antibrowning agents reduced significantly
(p<0.05) the PPO activity (Table 1), although the presence of ascorbic acid

did not enhance remarkably their effectiveness. In fact, samplesrdogta
combination of 1% ascorbic acid with anyone of other composinoiwed a
higher PPO activity at the end of storage period. However, itolvssrved

that the combined use of ascorbic acid andexylresorcinol effectively
inhibited the enzymatic activity of frestut apples during the first week of
storage. Our results agree with several authors who have indibateithe
effect of 4hexylresorcinol is generally increased when used in combination
with reducing compounds, such as ascorbic acid, avoiding discoloration on
many freskcut fruits (Dong et al., 2000; Buta & Abbott, 2000; Moline, Buta

& Newman, 1999). Luo & Barbos@anovas (1997) found that the
combination of 4nhexylresorcinol with ascorbic acid improved browning

control in Fuji apple slices.

Table 1- Analysis of covariance of the studied parameters.

F-ratio




*

PPO POD L a*

COVARIATE

Time 212.98  161.27 647.85 88.58
MAIN EFFECTS

AaI antibrowning treatments 7.32* 22.1f 81.4f 102.95*5

B: addition of ascorbic acid 101.4i 5.54 0.42\‘S 22.26
INTERACTIONS

AB 34.46 123.51 14.22 25.40
" p<0.05

NS ho significant
& individual effect of 4hexylresorcinol, Nacetylcysteine and glutathione.

Evolution of POD activity

Although, PPO is the main enzyme related to loss of quality oh-frgs
apples, POD can contribute to adverse changes in the flavor, colorgtext
or nutrient value (Fils, Sauvage & Nicolas, 1985). Analysis of covaianc
indicated that the type of dipping solution and the use of ascorbic atal ha
significant effect (g0.05) on relative POD activity (Table 1). In fact, a
different behavior was observed on POD activity when individual amounts
of 4-hexylresolcinol, Nacetylcysteine, glutathione or their combinations
with ascorbic acid were utilized (Figure 2). The individual usescbgbic

acid increased POD activity in apple slices whereas the muesaf N
acetylcysteine and -Hexylresolcinol in the dipping solution maintained
constant the relative POD activity during storage time. Insfrwhere POD
activity is more active such as melon, papaya, and strawbetriess been
observed that the effect of ascorbic acid is higher. Lamikanra aidow
(2001) reported that the presence of 1.25 and 2.5 mM ascorbic acid

solutions effectively reduced POD activity in cantaloupe melon pieces.



Relative POD activity

Time (days)

—=—4-HR —m— 4HR+AA —A— Glut —aA— Glut+AA —o— N-Cyst —e— N-Cyst+AA —X—AA

Figure 2- Evolution of relative peroxidase (POD) activity fneshcut apples treated with several
antibrowning agents, containing or not ascorbid aduring storage at 4°C. Data shown are mean *
standard deviation.

Additionally, Figure 2 shows that the combination of 1% of ascorbic acid
with any of the studied antibrowning agents caused an inhibition of POD
activity more efficiently that their individual uses. The low&@UDP activity

was observed when using mixtures eheylresolcinol and ascorbic acid,
similar to results obtained on PPO activity. Padiglia, Cruciaazz&ylia,
Medda and Flori¢1995) indicated that POD activity may result in oxidative
actions that involve any hydrogen donor component in foods. In effect, the
ability of POD to contribute to enzymatic browning is relatedgaffinity

to accept a wide range of hydrogen donors, such as polyphenols (Richard
Forget and Gauillard, 1997). POD is able to oxidize hydroxycinnamic
derivatives and flavans (Robinson, 1991; Nicolas, Rickarget, Goupy,



Amiot & Aubert, 1994), i.e. the main phenolic structures implicated in
enzymatic browning. POD also oxidizes flavonoids (Miller & Schireie
1985; Richard & Nicolas, 1989), which are not PPO substrates but are found
degraded in bruised fruits. Part of this degradation has been adoribed
oxidation reactions (Richai#lorget et al., 1997).

Color evolution

Color changes on the pulp of frestit Fuji apples were determined by changes inriegd
(L") and a* coordinate. Both parameters are frequersid in monitoring browning of cut
apple surfaces. Usually, a decrease in L* valueaanihcrease in a* value are indicative of

browning (Mastrocola and Lerici 1991; Monsal@enzalez and others 1993).

In general, L* values on frestut apples decreased from the first day of sto(kggire 3).
Kim, Smith and Lee (1993gported that a rapid decrease in L* values ofepphan be due

to enzymatic browning caused by tissue damage agitisequent enhanced contact between
enzymes and substrates. However, the main deplefidrf values was observed after 1
week of storage in samples dipped with a solutimmaining 1% of ascorbic acid, 0.5% of
4-hexylresorcinol or a combination of both compounesching values as low as 64.13
after 14 days of storage (Figure 3). According tzdnede-Gonzalez, Barret, Wolstad and
Durst (1993), the browning in apples (decrease*irmnd increase of a* values) could be
attributed to the consumption of substrates by PR@.lower the L* values, the higher the

relative PPO activity (Figure 1 and 3).

On the other hand, apple slices treated with 1-#cBtylcysteine solution or combination of
N-acetylcysteine with ascorbic acid solution mairgdirhigher L values during all the

storage time (Figure 3). The antibrowning effect Nfacetylcysteine was observed
previously by Rojassrail et al.(2006) in freskcut Fuji apple. Additionally, the lightness
of samples treated with glutathione also decreawedressively during storage but this
decrease was much lower when compared with thosples treated with ascorbic acid or
4-hexylresorcinol (Figure 3). Son et al., (2001) méeo similar effects in Lvalues of apple

slices (var. Liberty) dipped in a 1% solution ofaldetylcysteine or glutathione.



L*

Time (days)

—8—4HR —— 4HR+AA —A— Glut —&— Glut+AA —6— N-Cyst —e— N-Cyst+AA —¥—AA

Figure 3- Evolution of lightnessL() in freshcut apples treated with several antibrowning agents
with or without ascorbic acid during storage at.4®@ta shown are mean + standard deviation

a initial values of fresttut Fuji apples were maintained along the time eithany
significant decrease after a dip in a solution amitg 1% Nacetylcysteine, glutathione or
combination of them with ascorbic acid (Figure R)chard et al., (1991) indicated that
both cysteine and glutathione act by reducmguinones back to theip-diphenols
precursor, preventing the formation of pigmentsreacting with o-quinones to yield
colorless compound#Vevertheless, the main increase ofvalues was observed in apple
slices dipped in 1% ascorbic acid solution, reaghialues of 1.30 after 2 week of storage
and suggesting a fast darkening from the early hofistorage (Figure 4). Similar results
were reported by Om@liu et al., (2006) who reported that ascorbic doéétment did not
prevent frestcut pears from darkening. Additionally, Son et §2001) indicated that a
treatment with 1% of ascorbic acid on Liberty apgliees revealed that reducing power of

ascorbic acid was depleted and consequently, bootar developed rapidly thereafter.



a*

Time (days)

—B—4HR —m—4HR+AA —A—Glut —A— Glut+AA —6—N-Cyst —8—N-Cyst+AA —X—AA

Figure 4: Evolution of a* values in freshut apples treated with several antibrowning agesitts or
without ascorbic acid during storage at 4°C. Datav are mean + standard deviation.

It can be observed that the use efiekylresorcinol (0.5% wi/v) combined or not with
ascorbic acid (1% w/v), caused a significant effacta* values of freshbut apple slices,
maintaining the samples free of darkening during finst week of storage (Figure 4).
However, after the first week of storage, a sudgamrease of a* values in samples dipped
with 4-hexylresorcinol solutions was observed, which couwde been triggered by the
high PPO activity reached after this period (figde Several authors have studied the
effectiveness of -exylresorcinol in the control of enzymatic brownirgpme of them
reporting that its effectiveness is better whendugsecombination with other compounds
(MonsalveGonzalez et al., 1993; Luo & Barbe€anovas 1997; Dong et al., 2000).
MonsalveGonzalez, Barbos@anovas, McEvily and lyengar (1995) reported that a
combination of ascorbic acid (0.2%) andhdxylresorcinol (200 ppm) preserved efficiently

color of Red Delicious apple up to 32 days of gerat 25°C.



CONCLUSIONS

This study demonstrated that 1% ofaletylcysteine and glutathione were effective
inhibitors of PPO. The individual use of ascorbidaand 4hexylresorcinol were not
effective antioxidants for frestut Fuji apples. The presence of ascorbic acid $olation

of N-acetylcysteine, glutathione orhéxylresorcinol did not improve the effectiveness o
these compounds against PPO activity althoughomgtinhibition of apple POD activity
was observed. The results obtained witkahd a values corroborated the positive effect of
N-acetylcysteine as an alternative method in therobmtf the enzymatic browning as

compared with the more traditional antibrowningraigascorbic acid.
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ABSTRACT

The effect of ripening state, modified atmosphere and the use obfaming
agents was investigated in an attempt to determine optimum sipesed
processing conditions for extending the shiédf of freshcut Fuji apple. Apples
were classified in three groups: matgreen, partiallyripe and ripe; after peeling
and slicing fruits were treated with 1% (wNjacetylcysteine or 1% (w/v) ascorbic
acid (control), and then packed into polypropylene trays with air @sargxture
(2.5% Q + 7% CQ + 90.5% N) and sealed. Trays containing the apple slices were
stored in darkness at 4 £ 1 °C and analysed periodically during 43 days. Changes in
atmosphere composition, color and firmness were examined. Panipallgpples,
based on their lower ethanol production and maintenance of their origioabad
firmness, were the most suitable to prepare the fraslttommodities. A post
cutting dip on 1% (w/v)N-acetylcysteine was the most effective treatment to
prevent cut surface browning and preserve the initial appearan€ajiohpple
slices during more than one month at 4 °C. Lowafd elevated C£(2.5% Q +

7% CQ) atmosphere extended the sHig# of apple slices because of a significant
inhibition of ethylene production.

Key words: freshcut Fuji apples, shelife, ripening, antibrowning agents,
modified atmosphere packaging.
INTRODUCTION

The quality of fresh fruits and their derivativesgoverned by a great number of preharvest
and postharvest factors (Kader and Barrett 19986peats that affect the shelf life of fresh
cut fruits include cultivar, stage of ripeness atting, processing conditions and storage
atmosphere (Gorny and others 1998; Gorny and o2@08). Ripeness stage is probably
the most significant parameter in freslt fruit processing because influences both the
eating quality and the shdife. Fruit ripening is a sequence of biochemicatrgs, which
transform physiologically mature but inedible friito edible and tasty products. Major
changes during ripening of fleshy fruit include dosf flesh firmness, degradation of

chlorophyll and formation of pigments, flavours ardmas (Golding and others 2005).



Modified atmosphere packaging has been reportedelgral authors to be effective in
delaying the physicehemical changes related to fruit quality loss.ISlhife of freshcut
fruits may be extended by atmospheres low ina@d elevated in CO which reduce
ethylene production and respiration rates (Day athtbrs 1994; Watada and Qi 1999;
Verlinden and Nicolai 2000; Solivéortuny and others 2001). Gorny and Kader (1997)
stated that low @and/or elevated CQOenvironments generated by modified atmosphere
packaging of freslcut products can extend their sH@é by (1) slowing browning
reactions at cut surfaces; (2) reducing the rafesvaier loss and respiration; and (3)
decreasing ethylene biosynthesis and action. Tleetefeness of the modified atmosphere
may be enhanced by an appropriate use of antibngwaents. Ascorbic acid, citric acid,
N-acetylcysteine, glutathione andhéxylresorcinol have been reported to prevent the
browning of freskcut apples (Baldwin and others 1996; Son and otk@@d; Rocha and
Morais 2003; Rojasrai and others 2006; Pei€@ago and others 2006). Ascorbic acid is
almost indispensable in the modern minimal proogsdruit industry for controlling
browning and oxidative reactions, being the mosqdient alternative to sulphites.
Although the effectiveness of ascorbic acid in ¢batrol of enzymatic browning has been
established by several authors, it has been denatesthat its effect is temporary (Ozoglu
and Bayindirli 2002; Rojas-Grau and others 2006). Recently, cysteine and tezivates
have been investigated as an alternative methedritvol enzymatic browning (Nicoli and
others 1994; Son and others 2001; Goangl others 2002; Roj&Sraill and others 2006)
which act by reducingp-quinones back to theio-diphenols precursor, preventing the
formation of pigments or reacting witirquinones to yield colorless compounds (Richard
and others 1991).

New apple varieties, as “Fuji”, are becoming vempuplar throughout Europe at the
expense of traditional major commercial varietiks f'Red Delicious”, “Golden Delicious”

and “Granny Smith” (Varela and others 200%)ccording to a recent survey, most
consumers indicated their preference of a specifitvar of apple over another because of
anticipated flavor and texture or motftel (Doyle 2004). This behavior is usually
attributed to their superior quality. Fuji appMdlus domesticBorkh.), a cross between

red “Delicious” and “Ralls Janet”, is a cultivar iwh stands out for its excellent sensory

characteristics such as juicy, firm, crispy, fgmined with a sweet, spicy flavor that has



high sugar and low acid content, as well as goodage potential (Stebbins and others
1991; Yoshida and others 1995).

In minimal processing industry, assessing the gpyate ripeness stage of commodities is
of great interest in order to improve the qualityl@&xtend the shelife of freshcut fruits.
This fact motivated works as those of Solk@rtuny and others (2002, 2004) for Golden
delicious apples and Conference pears, and Gomhytirers (1998, 1999, 2000, 2002) for
peach, nectarine and some cultivars of pears. Meless, not many studies on the
influence of ripening at processing and its eff@etrespiratory, quality changes and shelf
life of freshcut Fuji apple products have been reported. Theotivg of our research was
to determine the optimum stage of ripeness forrahitey the shelfife of freshcut Fuji
apple, evaluate the effect of air or a modified @phere packaging, as well as comparing
the use of ascorbic acid ardiacetylcysteine as antibrowning agents following lijpia

changes through refrigerated storage.

MATERIALS AND METHODS

Fruit ripeness evaluation

Fuji apples were provided by ACTEL, Lleida, Spakmuits were held at 4 + 1 °C, and
following the procedure described by Solivartuny and others (2002) were ripened by
exposure to temperatures of 20 + 1 °C for a peoid to 2 d until the desired ripeness
stage was reached. Ripeness stage was establighessdssing the flesh firmness of 10
fruit randomly taken from each lot. Whole applenfiress (penetration force) was
determined with a TAXT2 Texture Analyser (Stable Micro Systems Ltd.rr8y, UK) by
measuring the force required for a 4 mm diameteb@rto penetrate the flesh of a whole
apple without skin. Fruits were then grouped withlre following three categories
according to its firmness: matugeeen (79 + 3.2 N), partialsipe (67 + 3.2 N) and ripe
(56 £ 2.2 N).

Fruit processing and storage



Fruits were washed and sanitized by immersion et@00 ppm sodium hypochlorite
solution for 3 min, rinsed and dried prior to cotioperations. Apples were then peeled by
a mechanicapeeler (Matfer, Les Lilas, France). Peeled appleswored and cut into nine
slices of 2 mm thickness using a hand operatedeapqier and slicer. A maximum of 6
fruits were processed at the same time to miningxeessive exposure to ambient
conditions. The apple slices were then immersedLfarin in chilled (5 °C) antibrowning
solutions consisting of 1% (w/M)l-acetylcysteine or 1% (w/v) ascorbic acid, which was
considered as the control due to its extended msapple processing. Samples were
drained to drop off excess solution and packed (Gb@nto polypropylene trays (Mcp
Performance Plastic LTC, 2005). Trays were wrappih a plastic film of a 110 ciO,

m? bar' day' permeability to oxygen (Tecnopack S.R.L.) using/amuum packaging
machine with injection of gases (llpra FoodpackiBa&G, llpra, Vigenovo, Italy). Trays
were filled with air or with a gas mixture of 2.5% + 7% CQ + 90.5% N, heat sealed and
stored in darkness at 4 £ 1 °C. Analyses were amhmut periodically during 43 days on

randomly sampled pairs of trays. Replicate deteations were performed for each tray.

Headspace gases analysis

The atmosphere of each single tray was analyzew @sgas chromatograph equipped with
a thermal conductivity detector (Mick®C CP 2002 gas analyzer, Chrompack
International, Middelburg, The Netherlands). Theegaus content of each tray was gently
mixed prior to sampling and an adhesive septum stiask to the film wrap. A 1.7 ml
sample was automatically withdrawn from the headspmosphere. Portions of 0.25 and
0.33 ml were injected for Dand CQ determination, respectively. The, ©@ontent was
analyzed with a CiMolsieve 5A packed column (Chrompack Internatiomdiddelburg,
The Netherlands) (4 m x 0.32 mm, df = 10 mm) at@@&nd 100 kPa. For quantification of
CO,, ethylene (gH,), and ethanol (£4s0H), a PoraPLOT Q column (Chrompack
International, Middelburg, The Netherlands) (10 .82 mm, df = 10 mm), held at 70 °C

and 200 kPa, was used.

Color measurement
Cut apple surface color values were directly mesbwith a color meter (Minolta Chroma

Meter Model CR400, Minolta, Tokyo, Japan). The equipment wasugefor illuminant



D65 and 10° observer angle and calibrated usitigralard white reflector plate. Color was
measured using the CIE, &, b scale.Six replicates were evaluated for each tray. Hue

angle ') was calculated as the arctangdnts().

Firmness measurements

Apple firmness was determined by measuring theefoeguired for a 4 mm diameter probe
to penetrate apple slices of 2 mm height to a depth mm at a rate of 1 mm'sApple
slices were placed perpendicular to the probehab fgenetrate in their geometric centre
using a TAXT2 Texture Analyzer (Stable Micro Systems Ltd.gkmd, UK).

Statistical analysis

Data were analyzed by analysis of covariance ustggistical procedures of the
Statgraphics Plus V.5.1. (Statistical Graphics CRqckville, MD, USA). Specific
differences were determined by least significaffiecknce (LSD). All comparisons were

made at a 5% level of significance.
RESULTS AND DISCUSSION

Changes on the package atmosphere composition

Table 1 shows that oxygen concentration in the $gack atmosphere of the trays was not
significantly influenced either by the ripenesstestar by the dipping treatment (ascorbic
acid orN-acetylcysteine), while the packaging atmosphereahsignificant effectd<0.05)

on the respiratory use of oxygen.

Table 1. Analysis of covariance of the studied paizrs.

F-ratio
Carbon .
Oxygen dioxide Ethylene Ethanol L* h Firmness
COVARIATE
Time 283.14 160554 11.68 95.07 251.42 32.16 138.74
MAIN EFFECTS
A: Ripeness 1.13% 5070 10449 28.49 231.38 140.62 1056.49

state




B: Atmosphere ~ 251.26 11.69  182.28 1.03"° 18550 69.98 0.58NS

C: Dipping 8.18%°  6.558"°  163.96 6.64'S 424.44 289754 0.34"S
treatment
INTERACTION S
AB 3.36"S 538 27.04 2.34NS 324 307N 1.00N8
AC 2.84N5 560N 7.38 5.17 1353  32.48 3.46NS
BC 4.06N° 2955 18.10 047" 2269  16.43 0.01Ns
ABC 2.70N  13.15 3.05" 189N 246 168" 0.75NS
" p<0.05

NS no significant

Under modified atmosphere (2.5 kPa ©7 kPa CQ), an abrupt decrease in the initial
oxygen level was observed, indicating a rapid ufethe low oxygen concentration
available, until values below 1 kPa at the firstelwef storage (Fig. 1)This effect was
more pronounced from the first hours after processi MAP packed apple slices treated
with ascorbic acid than those slices treated Widicetylcysteine (Fig. 1¢ and d). For apple
slices packaged under air, the initial oxygen catre¢ion (21 kPa ¢) declined in a gradual
manner from the beginning of storage, reachingesks low as 1 and 2 kPa at the end of
the storage period (Fig. la and b). Although thiecéfof dipping treatment was not
significant on oxygen rate, we observed that agfites packaged under air atmosphere
and treated with ascorbic acid consumed the oxyjehe headspace much more rapidly
that those samples treated withabletylcysteine, especially in ripe and partialpe apples
(Fig. 1a and b). These findings are in accordaritte @il and other¢1998) who compared
the effect of ascorbic acid treatment on Fuji apgliees stored in air or oxygdree
atmosphere. They found that ascorbic acid dipsas®d the respiration rate of apple slices

stored under air atmosphere, while the respiratiag reduced when an atmosphere of 0%

O, was used.
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Figure 1. Oxygen concentrations in the package dpmamt of freslcut Fuji apples
processed at different maturity. (ay@yst + air: slices dipped in a 1%&acetylcysteine
solution and packaged under armodified atmosphere; (b) A.A + air: control sliadipped

in a 1% ascorbic acid solution and packaged undemnrodified atmosphere; (c)-Byst +
MAP: slices dipped in a 19§-acetylcysteine solution and packaged under 2.5(¢>a 7
kPa CQ; (d) A.A + MAP: control slices dipped in a 1% aduic acid solution and
packaged under 2.5 kPa ®7 kPa CQ. Data shown are the means (+ standard deviation).

In this study, both, the ripeness stage and thegaposition of the packaging atmosphere
had a significant effecpf0.05) on the CO, production of the apple slices, while the use of

N-acetylcysteine or ascorbic acid as antibrowningneggelid not have any significant

influence (Table 1).
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Figure 2. Carbon dioxide concentrations in the pgekheadspace of fresht Fuji apples
processed at different maturity. (a}@yst + air: slices dipped in a 1%-acetylcysteine
solution and packaged under amodified atmosphere; (b) A.A + air: control sliadipped

in a 1% ascorbic acid solution and packaged undemnmodified atmosphere; (c)-8yst +
MAP: slices dipped in a 198-acetylcysteine solution and packaged under 2.5Q¢>a 7
kPa CQ; (d) A.A + MAP: control slices dipped in a 1% aduic acid solution and
packaged under 2.5 kPa ®7 kPa CQ@. Data shown are the means (+ standard deviation).

Carbon dioxide increased continuously during steragaching a concentration over 20
kPa at the third week of storage, with productiates similar for all the treatments (Fig. 2).
From the third week, the evolution of @Was significantly influenced by the stage of
maturity and storage atmosphere, reaching values 4% kPa in maturgreen samples
storage under nemodified atmosphere (Fig. 2a and b). {foduction of freskcut Fuji
apples was significantly lower in samples storagelen a 2.5 kPa O+ 7 kPa CQ
atmosphere than under air packaging atmospherdateaspthat initial levels inside the
trays were about 7 kPa in MAP conditions (Fig. 2kakul and others (1999) pointed out
the importance of maintaining ,Oevels just above the fermentation threshold and
maintaining CQ below the range that causes injury in the packegeispace. Our results
show that partiallyripe freshcut apples evolved less G@h comparison with the others

ripeness stages suggesting its suitability forimgainimal processing.

Ethylene concentration in the package headspacesptrere was significantly influenced
(p<0.05) by the ripeness state, storage atmosphere and dipping treatments (Table 1). As
shown in Figure 3, matwgreen apple slices produced less ethylene thame thagially
ripe or ripe slices. This behavior was expectedesigthylene is a hormone that is produced

during maturation of climacteric plants, affectiggowth, development and storage life



(Saltveit 1999). Biale and Young (1981) indicatedttthe rate of ethylene production is

much greater in ripe than in noipe fruits.

On the other hand, ethylene production was notigehigher in apples packaged under
initial air atmospheres, achieving a maximum coftration of 60 ppm after 1 week of
storage (Fig. 3a and b). By the contrary, applegsipackaged under 2.5 kPa ©7 kPa
CO, produced less ethylene and reach a maximum peak ppm (Fig. 3c and d). Gil and
others(1998) detected a complete inhibition of ethylenefreshcut Fuji apples stored
under oxygerfree conditions, since {s required for ethylene production. The inhihitio
of ethylene generation under anaerobic or lowc@nditions has been observed by many
authors, suggesting that oxygen participates inctireversion of daminccyclopropanel-

carboxylic acid (ACC) to ethylene (Yang 1981).

Furthermore, addition of antibrowning agents tospree color had a significant effect
(p<0.05) on ethylene production of fresh-cut apples. In fact, the use of thealetylcysteine

reduced significantly the ethylene evolution orsfreut apples (Fig. 3a and c) compared
with the use of ascorbic acid (Fig. 3b and d). émtcast to our findings, Gil and others
(1998) reported that ascorbic acid dips reduceglestb production of Fuji apple slices
packed in air atmosphere. Ethylene productioniisusated when plant tissues are injured
and it can accumulate in packages of fresh product, which can lead to undesirable
effects (Watada and Qi, 1999). In our case, theidp treatments prior to packaging
proved to significantly reduce ethylene productitimanks to a protection effect from
mechanical stresses exerted on the cut apple pileaeresults in turn in less streéssluced

ethylene synthesis.
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Figure 3. Ethylene concentrations in the packagad$mace of fresbut Fuji apples
processed at different maturity. (a}@yst + air: slices dipped in a 1%-acetylcysteine
solution and packaged under amodified atmosphere; (b) A.A + air: control sliadipped

in a 1% ascorbic acid solution and packaged undemnrodified atmosphere; (c)-Byst +
MAP: slices dipped in a 198-acetylcysteine solution and packaged under 2.5Qd>a 7
kPa CQ; (d) A.A + MAP: control slices dipped in a 1% aduic acid solution and
packaged under 2.5 kPa ®7 kPa CQ@. Data shown are the means (+ standard deviation).

Table 1 also shows the effect of the ripeness enetlolution of ethanol in the package
headspace, indicating a significant correlationween them [§<0.05). A gentle but
progressive accumulation of ethanol during thet flr4 days of storage is observed in
Figure 4. An increase was triggered in samplesipef apple slices after the third week,
regardless of the packaging atmosphere or dippgtrnent, showing a sudden increase
and hence suggesting anoxic pathways which maytteadoduction of offflavors. Ke and
others(1991) stated that the main plant fermentative bwitsm products in fruits are
ethanol and acetaldehyde and their accumulatiorreleded well with offflavor
development. Soliv&ortuny and other002) reported that fermentative pathways in ripe
pears were more active than in matgreen or partiallyipe pears, suggesting that post
climatic fruits are more susceptible to undergo eaobic metabolism. Pesis (2005),
indicated that the increase of anaerobic respimdaticovermature fruits is probably due to
that in this tissue the mitochondrial activity ieduced (perhaps because of membrane

damage) and the cells are unable to produce erengyigy.
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Figure 4. Ethanol concentrations in the packagedsmsce of freskut Fuji apples
processed at different maturity. (a}@yst + air: slices dipped in a 1%-acetylcysteine
solution and packaged under amodified atmosphere; (b) A.A + air: control sliadipped

in a 1% ascorbic acid solution and packaged undemnmodified atmosphere; (c)-8yst +
MAP: slices dipped in a 198-acetylcysteine solution and packaged under 2.5(¢>a 7
kPa CQ; (d) A.A + MAP: control slices dipped in a 1% aduic acid solution and
packaged under 2.5 kPa ®7 kPa CQ@. Data shown are the means (+ standard deviation).

Neither modified atmosphere nor the dipping treatmead a significant influence on
ethanol evolution. However, the interaction betweeeness stage and dipping treatment
had a significant effect on ethanol production (€ab). As Figure 4 shows, a sudden
increase in ethanol concentration was observedpi apple slices treated with ascorbic
acid after the 30 days of storage. Thiédse could have been triggered by the low O
concentrations inside of packages observed in teasgles after third week of storage.
SolivaFortuny and others (2002ndicated that low @ may lead to production of
fermentative metabolites like ethanol, which argpmnsible for unpleasant efaivors and

odors.

Changes on the color of apple slices



Color changes on the pulp of frestit Fuji apples were determined by changes inriegd
(L") —L" values are the most reliable measure of browniagd hue angleh(), which was
calculated from values oi and b” parameters. Analysis of covariance indicated that
ripeness stage at processing, storage atmosphdréhartype of dipping solution had a
significant effect <0.05) in both L" andh’ values.

In general, lightness of partialype and maturgreen apple slices was more efficiently
preserved that the lightness of ripe slices, whigperienced greater changes throughout
time (Fig. 5). In fact, ripe apple slices underwsr@ most important decreaselinvalues
through the 43 days of storage regardless of thkgagng conditions or dipping treatments
(Fig. 5). SolivaFortuny and others (2002) indicated that in moretunea apples the
chloroplast begins to disintegrate, causing a d$li#ation of polyphenol oxidases that

would be the cause of increasing browning overseitgi

L" initial values of freskcut Fuji apples were maintained along the time ewithany
significant decrease after a dip in a 1%adetylcysteine and under a 2.5 kPa+0O7 kPa
CO, atmosphere storage (Fig. 5c¢). By contrast, browrimgnsity was much higher in
samples packaged under amodified atmosphere (Fig. 5a and b). This behavivand
already been observed by Solivartuny and other§2002) in Golden Delicious apple
slices packaged under initial air atmosphere, véported a depletion df values during

the first weeks storage.
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Figure 5. LightnessL{) of freshcut Fuji apples processed at different maturity.NeCyst

+ air: slices dipped in a 1%-acetylcysteine solution and packaged undermodified
atmosphere; (b) A.A + air: control slices dippedanl% ascorbic acid solution and
packaged under nemodified atmosphere; (c)-8Byst + MAP: slices dipped in a 1%-
acetylcysteine solution and packaged under 2.5@®pPa 7 kPa C@ (d) A.A + MAP:
control slices dipped in a 1% ascorbic acid sofuiad packaged under 2.5 kPai07 kPa
CO,. Data shown are the means (+ standard deviation).

It can be observed that the type of additive usedrdibrowning agent had a significant
effect on absoluté” values of freskeut Fuiji apples. It is important to highlight thegpple
slices dipped in ascorbic acid showed lower initialvalues (around 72) than samples
treated with Nacetylcysteine (around 76), suggesting a fast damgefrom the early hours
of storage (Fig. 5). The effectiveness of applyiigcetylcysteine as antibrowning agent to
preserve freslout apples from quality losses is evident. Thebaatining effect ofN-
acetylcysteine was observed by Rejarai and other@006) in freskcut Fuji apple and by
Son and other€001) in Liberty apple slices. Even if the efficoy of ascorbic acid in the
control of enzymatic browning has been demonstrayeseveral authors and is of extended
use in the freslgut fruit industry, its effectiveness in this styslpved to be lower than that
of N-acetylcysteine. Sapers (1993) stated that thetefémess of ascorbic acid is due to its
ability to reduce quinones back to phenolic compsurNevertheless, once the ascorbic
acid has been completely oxidized to dehydroascabid, quinones can again accumulate
and undergo browning.

In general, the greater the maturity degree, teatgr the changes experienced by the hue
angle, regardless of the packaging conditions (&igNevertheless, the main depletion of
h" values was observed in ripe apples packaged unitiet air atmosphere and dipped in
1% ascorbic acid solution, reaching values of 838.07 after 43 days of storage (Fig.
6b). Apple slices tissue developed browning mopedig as consequence of the operations
during processing, especially in samples of advémipeness, where the levels of soluble
catechol oxidases are greater. By contrast, maaen and partiallyipe apple slices

underwent the lowest decreaséinvalues during storage.
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Figure 6. Hue anglen() of freshcut Fuji apples processed at different maturity.NeCyst

+ air: slices dipped in a 1%-acetylcysteine solution and packaged undermodified
atmosphere; (b) A.A + air: control slices dippeddnl% ascorbic acid solution and
packaged under nemodified atmosphere; (c)-8yst + MAP: slices dipped in a 1%
acetylcysteine solution and packaged under 2.5®pPa& 7 kPa C@ (d) A.AA + MAP:
control slices dipped in a 1% ascorbic acid soluad packaged under 2.5 kPa+7 kPa
CO,. Data shown are the means (+ standard deviation).

Samples treated with 1%-acetylcysteine solution maintained higher absohiteralues

(around 100) during all the storage time, regasllet the ripeness states or package
atmospheres (Fig. 6a and c). On the contrary, apigles treated with ascorbic acid showed
a lower initialh” values (below 94), underwent a strong decreabe lues from the third
week of storage. The effectivenesd\séicetylcysteine oh” values is in agreement with the
results obtained by Roj&srall and other@006). The positive effect d-acetylcysteine as
an alternative method in the control of the enzyeratowning as compared with the more
traditional antibrowning agent, ascorbic acid,dsroborated with the results obtainedlon

andh’ values.

Changes on the texture of apple slices



Only ripeness stage had a significant effest0(05) on the firmness of the fresiut Fuji
apples (Table 1). Table 2 compares the firmneasegabf the three studied ripeness stages
and it is noted that matugreen and partiallyipe apples maintained their initial firmness
better than ripe apples. Additionally, rates ofmfiress depletion were much higher on ripe
freshrcut apples, achieving values as low as 1.9 N atetimt of storage time. Soliva
Fortuny and other002) found similar results in Golden Deliciougpkgpslices, indicating
that texture degradation was directly correlatedigening processes. Fruit softening is a
consequence of changes in physical and mechanicglegiies of the tissue based on
changes in the chemical structure of the cell wallysaccharides. In fact, pectins play a
key role in fruit softening, since they are palyiasolubilized by endogenous pectin
degrading enzymes (polygalacturonases and pectihymesterases) during ripening,
leading to tissue softening (Fischer and othE991). In addition, fruit tissue softening
during ripening and senescence is triggered byletkyand has been demonstrated to be a

consequence of alterations in cell wall metaboli&uorny and other2002).

Although the firmness was observed not to be dicanitly affected by the composition of
the packaging atmosphere or the dipping treatnagple texture was greatly affected by
the type of antibrowning agent used. In fact, rgpple slices treated with ascorbic acid
presented lower values of firmness than thosesstieated wittiN-acetylcysteine (Table 2).
This effect was reported by Ponting and others 2)9%ho demonstrated that acid solutions

as ascorbic acid significantly reduced apple slitemess.



Table 2. Firmness values throughout storage ohfces apples processed at different states of mgturit

Firmness (N)

Days
Mature -green Partially -ripe Ripe

Air (2.5 kPa @+ 7 kPa CQ) Air (2.5 kPa @+ 7 kPa CQ) Air (2.5 kPa @ + 7 kPa CQ)

N-Cyst AA N-Cyst AA N-Cyst AA N-Cyst AA N-Cyst AA N-Cyst AA
0 95+01 93+01 91+02 92+04| 6703 68+x03 71+x03 74+x03| 6207 62+x03 6.1+x02 58+0.6
95+04 95+03 89+01 98+02| 68+03 73+08 7705 73+03| 55+06 50+05 48+01 48+03
14 94+01 87+x02 88+x04 89+06| 7201 70x07 76x04 76+07| 55+x03 56+03 3804 46x03
21 91+01 90+01 87+01 95+01| 7.3+03 78+01 6.7+06 6.1+01| 3.6x03 47+04 39+03 50+0.2
28 90+03 91+03 91+02 92+01| 6805 63+x02 7605 59+x02| 42+x05 3.0+x02 40+01 29%01
35 82+05 85+02 91+02 86+04| 73+04 59+02 76+04 6.0+02| 3.6+x0.2 23+02 39+02 25+01
43 89+02 87+x02 81+x04 88+02| 6206 62+x06 6406 62+x06| 38+x03 19+x06 3801 19%01

Values are the means + standard deviation
N-Cyst =N-acetylcysteine, AA = ascorbic acid



CONCLUSIONS

Results showed that ripeness stage at processarhamportant influence on the post
cutting life of Fuji apple slices and must be callgfcontrolled. The use of a low,Gnd
elevated C@Qatmosphere combined with a dipNkhacetylcysteine allowed the maintenance
of fresh quality (color and firmness) of cut apptiesing more than 1 month of refrigerated
storage, specially in matuggeen and partiallyipe apples. On the contrary, apple in
advanced ripeness state showed signs of evidensigdbgical damage, exhibiting a
substantial augment of ethanol production as atresdermentative anaerobic processes,
limiting their shelflife to less of 3 week. Furthermore, as expectguk apple slices
showed a considerable cut surface browning anérsiofy of its tissues from early days of
storage. The use of partially ripe fruit for thesh cut apple industry was confirmed for
Fuji apples, considered a “new” variety on whicformation on this particular aspect was
scarce, being proper initial maturity as well aggassor assessment of fruit maturity

essential if commercial production is attempted.
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ABSTRACT

Alginate (2% w/v) and gellan (0.5% w/v) based edible coatings were
formulated to study the effect of glycerol (G) and antibrowningnisgé\-
acetylcysteine and glutathione) on water vapor resistance (WVIR).
ability of the coatings to carry antibrowning agents was investiy
following color changes of coated frestt Fuji apples. Selected
formulations obtained by a response surface analysis were 1.5% G; 1% N
acetylcysteine and 0.63% G, 1%addetylcysteine for alginate and gellan
respectively. The addition of sunflower @ilth essential fatty acids (m3 and

®6) at 0.025, 0.05, and 0.125% w/v concentrations was also investigated in
an attempt to improve the barrier properties of the alginate altahge
coatings for fresttut apples. The WVR increased significantly from 15.70
and 14.60 s cthto 19.2 and 27.6 s cinfor alginate and gellan coatings
with sunflower oil respectively, in comparison with oil free coainghe
addition of sunflower oil in gellan was more effective than innaltg to
increase the WVR of coated apples. Alginate and gellan basedgsoati
proved to be good carriers for antibrowning agents.

Keywords: Alginate, gellan, edible coatings, antibrowningstrcut apples, WVR.

INTRODUCTION

Edible coatings are gaining importance as an alternative to reitiece
deleterious effects imposed by minimal processing on ftaslruits. The
semipermeable barrier provided by edible coatings is aimed todeste!f

life by reducing moisture and solute migration, gas exchange, aggpir

and oxidative reaction rates, as well as suppress physiologioatiglis on
freshcut fruits (Wong, Camirand & Pavlath, 1994a; Baldwin, Nisperos,
Chen & Hagenmaier, 1996; Park, 1999). Edible coatings may also serve as
carriers of food additives such as antibrowning and antimicrobialgsage

colorants, flavors, nutrients and spices (Pena & Torres, 1991; Wong,



Gregorski, Hudson & Pavlath, 1996; Li & Barth, 1998; Pranoto, Salokhe &
Rakshit, 2005).

Polysaccharidéased coatings have been used to extend the-lébetif fruits and
vegetables by reducing respiration and gas exchdngdo selective permeabilities tg O
and CQ (NisperosCarriedo, 1994; Nussinovitch, 1997, 2000). Amongnthalginate and
gellan are biopolymers that could be consideredeftible films and coatings because of
their unique colloidal properties and their abilibyform strong gels or insoluble polymers
upon reaction with multivalent metal cations likalaum (King, 1983; Rhim, 2004).
Alginate, a polysaccharide derived from marine br@lgae Phaeophycegeand gellan, a
microbial polysaccharide secreted by the bacteri@phingomonas elodegformerly
referred to asPseudomonas elodeare finding increasing use in the food industsy a

texturizing and gelling agents (Mancini & McHugl)®; Yang & Paulson, 2000).

Hydrophilic films and coatings, such as those of protein and polysadehari
nature, generally provide a good barrier to oxygen and carbon dioxide
transmission, but are a poor barrier to water vapor (Kester & Fenne
1986; Garcia, Martind & Zaritzky, 1998). However, since a certain degre
of oxygen and carbon dioxide permeability is needed for respiration of
living tissues as those of fresh and fresih fruits and vegetables, moderate
barriers that allow a controlled respiratory excharaiding anaerobic
respiration are considered more appropriate (Kester et al., 1986; Ayranci &
Tunc, 2003, 2004). Additionally, the poor water vapor barrier may provide
some benefit since it allows movement of water vapor acrosdrthehus
preventing water condensation, which is a potential source of microbial
spoilage (Park, Chinnan & Shewfelt, 1994). Plasticizers like giycme
required for polysaccharide and protbiaised edible films to increase film
flexibility and processability by increasing the free volume @ietular

mobility of polymers reducing internal hydrogen bonding between polymer



chains while increasing intermolecular spacing. PlasticiZéstahe ability

of the system to attract water and also generally incifdas@ermeability

to oxygen (McHugh & Krochta, 1994a, 1994b; Sothornvit & Krochta,
2000).

The incorporation of lipids, either in an emulsion or as a layerrgpaiio

the films formulations, greatly improve their water vapor bampr@perties
(Garcia, Martind & Zaritzky, 2000; Yang et al., 2000). Wong, Tillin,
Hudson and Pavlath (1994b) used a polysaccharide—lipid bilayer
formulation to reduce respiration of fresht apples and Garcia et al.,
(2000) used sunflower oil in edible stafichsed films and coatings intended
for strawberriesAntibrowning agents are used to protect against oxidative
rancidity, degradation and enzymatic browning in fruit and vegetables.
Ascorbic acid (Son, Moon & Lee, 2001; SoliFartuny, GrigelmeMiguel,
OdriozolaSerrano, Gorinstein & MartiBelloso, 2001), 4exylresorcinol
(MonsalveGonzalez, Barbos@anovas, Cavalieri, McEvily & lyengar,
1993; Luo & Barbos#&anovas, 1997; Dong, Wrolstad & Sugar, 2000) and
some sulfurcontaining amino acids as cysteine and glutathione (Molnar
Perl & Friedman, 1990; Nicoli, Anise and Severinc, 1994; Son et al., 2001;
Gorny, HessPierce, Cifuentes & Kader, 2002) have been widely studied,
individually or in combination, to prevent enzymatic browning in the search
for sulfite substitutes and for improving shilé of minimally processed
fruits (Pizzocaro, Toregiani & Giraldi, 1993; Roj@sal, Sobrind_6pez,
Tapia & MartinBelloso, 2005). However, little research has been done
using both antibrowning agents and edible coating on-tesfruits. Wong

et al., (1994a), Baldwin et al., (1996), Lee, Park, Lee and Choi (2003),

PerezGago, Serra and Del Rio (2004) studied the incorporation of



antibrowning agents into edible films in minimally processed friitsst of
these antibrowning agents however, are hydrophilic compounds and may
increase water vapor permeability (WVP) and water loss whempoated

into films and coatings (Ayrancy et al., 2004).

The objective of this work was to formulate algsand gellan based edible coatings for
freshcut apples studying the effect of the addition dfedent amounts of glycerol and
antibrowning agents on WVR of the coatings, andorcothanges of apples. The
incorporation of sunflower oil witkssential fatty acids (03 and ®6) -functional fatty acids
that claim possible additional health benefitgs investigated for improving water barrier

properties.

MATERIALS AND METHODS

Materials

‘Fuji’ apple (Malus domestic@8orkh) was chosen for this study because of itsresive use
and the rapid browning of its tissue after cuttiipe apples were provided by ACTEL,
Lleida, Spain, at commercial maturity and stored atl °C prior to processing. Food grade
sodium alginate (KeltoreLV, ISP, San Diego, CA., USA) and gellan gum (Kjel’,
CPKelco, Chicago, IL., USA) were used as the caybodte biopolymers for coating
formulations. Glycerol (Merck, Whitehouse Statidh,J., USA) was added as plasticizer.
Calcium chloride (Sigm&ldrich Chemic, Steinhein, Germany) was used toudsd
crosslinking reaction. Mcetylcysteine and glutathione (Sigwlarich Chemic, Steinhein,
Germany) were the added antibrowning agents. Sueflmil (La Espafiola, Spain) with
the following composition: 11g monosaturated, 30gnounsaturated and polyunsaturated
57,4g; 3,59 Omegad and 5560g Omeg®, was used as the lipid source when emulsion

films were prepared.

Coating formulation



Coatingformulations were studied in two steps. A respanséace analysis was first run in
order to decide the final amounts of glycerol antibmowning agents to incorporate into
the formulations (Table 1 and 2). WVR values ad aslcolor of coated frestut apples
were used as the response variable. The additisumffower oil was investigated in a
second step by emulsification of the alginate aglthg film-forming solutions for coating
the apple pieces with different concentrationswfflewer oil. Both statistical designs are

explained in other sections.

Preparation of the film forming solutions and dipping solutions with antibrowning
agents

Film forming solutions were prepared by dissolvaiginate (2% w/v) and gellan (0.5%
w/v) powders in distilled water under controlledatieg and stirring until the mixtures
became clear. Glycerol was added as plasticizeaiious concentrations (Table 1 and 2).
When addition of sunflower oil was investigatedmfforming solutions were emulsified
with three different concentrations of the functbail: 0.025, 0.05, and 0.125% which was
dispersed using an Ultra Turrax T25 (IKAWERKE, Germany) with a S25825G
device, for 5 min at 24,500 rpm, and degassed uwagium. Film forming solutions and
emulsions were used for fruit coatings. The studietibrowning agents were added to the
calcium chloride bath(2% wi/v) required for crosslinking carbohydrate ymoérs.
Concentrations of Mcetylcysteine and glutathione were varied, acogrdio the

experimental design (Table 1 and 2).

Fruit coating

Clean apples were cut in cylinders of 1.42 cm diemg 2.06 cm of height. The apple
pieces were first dipped into the alginate or geflan forming solutions (with and without
sunflower oil) for 2 minutes. Residual solutions ezch polysaccharide were allowed to
drip off for 1 min, before submerging the fruitsr & min in the corresponding calcium

chloride solution containing the antibrowning agent

Water vapor resistance determination



157 Capitulo IV

The method and experimental set up for determinadfothe WVR of coatings described
by Garcia et al., (1998) was used to determinenider loss of coated fruit pieces: Cut
apple cylinders were dipped in the coating fornmafaand calcium chloride solution with
antibrowning agents. Samples were equilibrated Zérh in desiccators maintained at
98.9% RH with a 0.6 molal solution of NaCl at rodemperature (Fruit cylinders were
placed in small test cups and weighed in an aralytaboratory scale prior to be placed in
sealed chambers equilibrated at 33% RH with sadristgCh.6H,O (Panreac Quimica SA,
Barcelona, Spain) at 25 °C. Samples were weighedgatlar time intervals. Weight was
taken during 4 h periods and the slope of the cofweight loss vs. time in g/s (rate of
moisture loss) was estimated by linear regressiaiyais. WVR was calculated using a
modified Fick’s first law equation (Be¥iehoshua, Burg & Young, 1985) as done by
AvenaBustillos, Krotcha, Salveit, Rojadillegas and SauceeRerez (1994), Avena
Bustillos, Krotcha and Salveit (1997) and Wonglet(&994b).

dg/dt = (AAC/R) Equation 1

where, |
dg/dt is the rate of gas exchange in g/s (slope); A ispased area of the fruit cylinders
(9.25 cnf); Ris the resistance of the coating to water diffusion (s/cm); AC is the
concentration of gas (ml/cr) inside and outside the fruit piece at time t. FOWPR,

AC= (Pi - Pa)/RcT, where |
(Pi - Pa) is the difference in water vapor pressure (mmHginside and outside the fruit
tissue @i = a, of the fruit x Py -that is the water vapor pressure of liquid water at25

°C and Pa = partial water vapor pressure in the environmentwith 33.3% RH at 25 °C,
in mmHg x Pg); Rc is the gas constant (3.46 L.mmHg/ °K.g), antlis temperature in
degrees Kelvin.

Control tests with uncoated apples were performedat determine the resistance factor
of the uncoated fruit to water vapor. Water activity of the samples was measured with

an Acqualab CX-2 (Decagon Devices Inc., Pullman, WA.).

Microscopic examination of fruit coatings
A microscopic examination was performed to obsehee uniformity of the coatings and

adherence to the fruit surface. Cross sectionshef doated fruits were obtained and



monitored using a stereomicroscope Leica (Model M4&ica AG, Heerbrugg,
Switzerland) coupled to a computer and a camerabé® visualize the coatings, samples
were colored with a solution of toluidine blue. @kness measures were randomly taken in

different sections.

Colour measurement

Cut apple surface color was directly measured witla Minolta chroma meter (Model
CR-400, Minolta, Tokyo, Japan). The equipment was seip for illuminant D g5 and 10°
observer angle and calibrated using a standard whét reflector plate. Three readings
were obtained for each replicate by changing the mition of the apple slices to get
uniform color measurements. Color loss was measuretirough changes in aand h
values during 48h in atmospheric conditions. Changrein these parameters have
previously been shown to be effective in monitoringnzymatic browning at freshcut
apple (Baldwin et al., 1996; McHugh & Senesi, 2000Numerical values of aand b

parameters were employed to calculated hue anglejh

h'= arctan b/a Equation 2

Experimental design and statistical analysis

Response surface methodology was used to study the simultaneousfeffect
glycerol and antibrowning agents on edible coating applied to-fnésh
apples. A BoxBehnken experimental design was chosen for this purpose
(Box & Behnken, 1960; Myers & Montgomery, 2002). In this design 17
different experiments were completed for each type of ediblengotitwas
assumed that a mathematical function existed for each resporesesak

in terms of 3 independent variables: glycerol;adétylcysteine and
glutathione. Concentrations of glycerol varied from 1.0% to 2.0% w/v and
from 0.25% to 1% w/v for alginate and gellan, respectively. By cdntras

concentrations of anbrowning agents varied from 0.0% to 2.0% w/v to



both film forming solutions. Full designs are shown in Table 1 and 2. The
selected responses were W\{RvenaBustillos et al., 1994; Wong et al.,
19941 and color of coated apples represented ‘bgna hue ( changes.
The seconarder response function for our experiments was predicted by
the equation 3

Y=B+ Y BXi+ Y Bixi + BiXiX;, Equation
3

whereY is the dependent variablgy,is the constantp;, Bi andp; represent

the coefficients of thdinear, quadratic and interactive effects, respectively;
Xi, Xi> and XiXj represent the linear, quadratic and interactive effects of the
independent variables respectively. Thdemensional surface plots and
contour plots were drawn to illustrate the interactive effectsheftwo
factors on the dependent ones, while the other factors were kept constant
The analysis of variance (ANOVA) was used to determine sogmfi
effects of Glycerol (X), N-Cist (X)) and Glut (%) on WVR, a and h. In
order to find significant differences-values at probability levels of 0.001
and 0.05 were studied. Destgixpert 6.0.1 software package (Sthise,
Inc., Minneapolis, USA) was used to generate designs to fit tipenmss
surface model to the experimental data and drawn response surface plots.
The addition of sunflower oil in the following concentrations: 0.025, 0.05,
and 0.125% was investigated next, by emulsifying the formulations
selected from the response surface modelalginate and gellan coatings
that presented the highest values of water resistance, in anpatte

improve its resistance. Analysis of variance (ANOVA) and Fidteb



means comparison were applied at a significance level of 0.05 using

Statgraphics Plus Version 5.1.

Table 1. BoxBehnken experimental design used for investigating different
amounts of glycerol as plasticizer incorporated into an ediblaagi(2%

w/v) film forming solution in combination with antibrowning agents, and

responses.
Variables
Responsds
Run Coded Uncoded
Xq X, Xs  (Gly) (N-Cyst)  (Glut) WVR a h'
1 -1 -1 0 1.00 0.00 1.00 1350 -1.30 93.35
2 1 -1 0 2.00 0.00 1.00 1480 -2.02 95.32
3 -1 1 1.00 2.00 1.00 1430 -3.14 99.51
4 1 1 0 2.00 2.00 1.00 1440 -2.91 99.48
5 -1 0 -1 1.00 1.00 0.00 13.60 -2.79 97.86
6 1 0 -1 2.00 1.00 0.00 15.30 -2.44 96.76
7 -1 0 1 1.00 1.00 2.00 1440 -2.71 98.80
8 1 0 2.00 1.00 2.00 1490 -2.60 98.39
9 0 -1 -1 1.50 0.00 0.00 15.30 0.07 91.78
10 0 1 -1 1.50 2.00 0.00 1550 -2.72 98.05
11 0 -1 1 1.50 0.00 2.00 15.10 -2.88 98.61
12 0 1 1 1.50 2.00 2.00 15.70 -2.52 98.35
13 0 0 0 1.50 1.00 1.00 15.00 -2.16 96.62
14 0 0 0 1.50 1.00 1.00 15.20 -2.34 97.57
15 0 0 0 1.50 1.00 1.00 1520 -2.96 98.61
16 0 0 0 1.50 1.00 1.00 15.00 -2.55 99.60
17 0 0 0 1.50 1.00 1.00 15.20 -2.54 97.67

& Uncoded variables: concentrations of plasticizet antibrowning agents in % w/v. Gly = Glycerol,
N-Cyst = Nacetylcysteine, Glut = Glutathione.

b Responses : WVR= Water vapor resistance (s/cn¥)calorimetric coordinate, & hue angle.

WVR of uncoated apples = 12.50 s/cm



Table 2. BoxBehnken experimental design used for investigating different
amounts of glycerol as plasticizer incorporated into an ediblarg€ll.5%

w/v) film forming solution in combination with antibrowning agents, and

responses.
Variables Responsds
Run Coded Uncoded * *
X1 X Xz (Gly) (N-Cyst) (Glut) WVR a h

1 -1 -1 0 0.25 0.00 1.00 13.80 -1.94 95.51
2 1 -1 0 1.00 0.00 1.00 13.60 -2.86 97.6

3 -1 1 0.25 2.00 1.00 13.30 -2.65 100.48
4 1 1 0 1.00 2.00 1.00 13.10 -3.26  100.86
5 -1 0 -1 0.25 1.00 0.00 13.10 -2.78 97.92
6 1 0 -1 1.00 1.00 0.00 13.50 -2.72 97.99
7 -1 0 0.25 1.00 2.00 13.20 -2.98 99.16
8 1 0 1.00 1.00 2.00 13.00 -3.24  100.75
9 0 -1 -1 0.63 0.00 0.00 13.90 -1.10 92.11
10 0 1 -1 0.63 2.00 0.00 14.10 -2.81 101.01
11 0 -1 1 0.63 0.00 2.00 14.60 -2.44 98.13
12 0 1 1 0.63 2.00 2.00 13.80 -2.79 99.01
13 0 0 0 0.63 1.00 1.00 14.40 -2.75 99.07
14 0 0 0 0.63 1.00 1.00 14.50 -2.96 98.92
15 0 0 0 0.63 1.00 1.00 14.20 -2.95 99.14
16 0 0 0 0.63 1.00 1.00 14.00 -2.86 99.45
17 0 0 0 0.63 1.00 1.00 14.00 -2.49 96.54

& Uncoded variables: concentrations of plasticizet antibrowning agents in % w/v. Gly = Glycerol,
N-Cyst = Nacetylcysteine, Glut = Glutathione.

b Responses : WVR= Water vapor resistance (s/cr) calorimetric coordinate,”s hue angle.

WVR of uncoated apples = 12.50 s/cm

RESULTS AND DISCUSSION



Results of the analysis of variandetést) for each dependent variable and
their corresponding coefficients of determinatiof) (@btained by fitting the
experimental data to the second order response model are shown i8.Table
The developed models appeared to be adequate (p>0.05) for all variables,
showing no significant lack of fit (p>0.05). The regression coeffisiéot

the quadratic models for WVR,and hare listed in Table 4.

Table 3. Analysis of variance (ANOVA) for regression equation.

F-values

Source Alginate Gellan
D.F.  WVP a h* D.F. WVP a h*

Model 9 27.57 4.50 4.25 9 8.42 5.23 9.38
X1 (Gly) 1 67.50° 0.0004 0.013 1 0.099 4.90 2.56
X, (N-Cys) 1 7.50 16.98  20.27 1 6.35 16.32  47.04
X3 (Glut) 1 0.83 5.07 7.14 1 0.000 6.74 9.37
X2 1 129.75% 1.14 0.017 1 58.21 3.74 2.37
X2 1 0.018 3.39 3.55 1 0.35 8.16 2.36
X2 1 14.75 0.23 0.048 1 2.86 0.98 0.65
XX, 1 15.00" 1.14 0.61 1 0.000 0.31 0.90
X1 X3 1 15.00° 0.070  0.072 1 1.78 0.34 0.66
X5 X3 1 1.67 12.66 6.46 1 4.96 6.05  18.75
Residual 7 7
Lack of fit 3 3.33 3.79 1.66 3 0.93 3.37  0.100
Pure error 4 4
R? - 0.9726  0.8527 0.8452 - 0.9155 0.8706 0.9234

Gly = Glycerol, NCyst = Nacetylcysteine, Glut = Glutathione

WPR= Water vapor resistance (s/cm)=aolorimetric coordinate, s hue angle
D.F.: degrees of freedom

* significant at £0.05

** gignificant at £0.001

Water vapor resistance (WVR)



WVR is an important property of edible films for applications irhhigater
activity food protection, where water activity is high, or when time fust

be in contact with water during processing of the coated food, to avoid
exudation of fresh or frozen products (Tan&@#mu & Grosso, 2003).
Tables 1 and 2 show the water vapor resistance values obtained with the
alginate and the gellan coatings in fresh Fuji apples. Untreated cut apple
pieces had a low WVR of 12.50s/cm. In contrast, the alginate coatihg ha
WVR between 13.50 to 15.70s/cm (Table 1) and the gellan coating from
13.10 to 14.60s/cm (Table 2). Among the linear terms for the alginate
coating, glycerol had the most pronounced effect on W¥R6T.50 ;
p<0.001) (Table 3). The positive linear coefficient value of glycerol
(+12.420) indicated that WVR in thalginate coating increased when
glycerol concentration increased (Table 4). On the other hand, the quadrat
coefficient value of glycerol for the same coatiflg=129.75 ; g0.001)
indicated that WVR increased when this compound concentration was
increased up to 1.75% v/v, but higher concentrations led to a decrease in
WVR. Similar results were observed in apples pieces coatedyeligm. In

this case, the quadratic coefficient value of glycefst58.21; 0.05)
indicated that the maximum value of WVR was obtained when the
concentration of glycerol was around 0.63% v/v. Higher concentrations led
to an decrease in the resistance of the gellan coating. Thet effe
plasticizer on WVP as well as on gas permeability is contsalerThe
addition of plasticizers to films and coatings is required to reduce
brittleness, which is caused by extensive intermolecular bonding.
Plasticizers reduce these forces and increase the mobitiplywhers chains
improving flexibility. Also, small molecules such as glycerol ynil
vacancies within the polymer matrix (McHugh et al., 1994a, 1994b; Banker,



1966; Gontard, Guilbert & Cuq, 1993); but the addition of a plasticizer
decreases the tensile strength of the films and increasesrneability of

gas, solute and water vapor due to its hydrophilic nature. Suyatmaeitighz
and Copinet (2005) plasticized chitosan films with hydrophilic compounds
like glycerol, ethylene glycol, polyethyleneglycol, and propyleneglyral

the surface properties, analyzed by contact angle measuremealedeirat
plasticization increases film hydrophilicity. Garcia et al., (1988hd that
increasing plasticizer concentration, either glycerol or sorbietreased
WVP of starchbased coatings, as also reported by McHugh et al., (1994a)

who found similar trends for whey protein edible films.

As for the antibrowning agentbl-acetylcysteine had a positive significant
effect on WVR in the alginate coating=<7.50; x0.05), indicating that the
resistance to water diffusion increased when theacétylcysteine
concentration in the alginate solution increased. On the contrary, N
acetylcysteine had a negative significant effect on WVR ofjtkeanbased
formulation €=6.35; x0.05), indicating that the resistance to water
diffusion decreased when the-ddetylcysteine concentration increased.
Additionally, quadratic term of glutathione=£14.75; x0.001) had a
significant effect en WVP of frestut apple coated with the alginate
coating, indicating that high concentrations of this compound are needed to
obtain a higher resistance value. Since oxygen is involved in manyiegida
reactions of foods, like enzymatic browning and vitamin loss, the
incorporation of antibrowning agents as additives in the film composgion
expected to exert some control on the oxygen permeability of Ithe. fi
Ayranci et al., (2004) used limited amounts of ascorbic acid (AA)cand

acid (CA) in methylcellulose (MC) films plasticized with peligylene



glycol, to lowering the oxygen permeability and thus lowering theamiit C
loss, since amounts of AA or CA greater than 0.5 / 5 g MC caused an
increase in WVP since both compounds are hydrophilic.

Table 4. Regression coefficients of the second order polynomial equations.

Coefficients

Alginate Gellan
Model term WVR a h' WVR a h*
X1 (Gly) +12.420° +2.395 -0.209 +7.755 +1.747 -4.608
X, (N-Cys) +0.970 -2.933 +7.533 -0.080 -1.634 +6.368
X3 (Glut) +0.270 -1.172 +2.604 +0.870 -0.727 +3.106
X2 -3.440" -0.919 +0.323 -5.937 -1.853 +4.940
X2 -0.100 +0.397 -1.178 +0.065  +0.384 -0.693
X352 +0.290 +0.104 -0.137 -0.185 +0.133 -0.364
X1 X5 -0.600" +0.472 -1.000 -0.118 +0.206 -1.174
X1 X3 -0.600" -0.116 +0.343 -0.400 -0.214 +1.003
X, X3 +0.100 +0.786 -1.631 -0.250 +0.340 -2.004

Gly = Glycerol, NCyst = Nacetylcysteine, Glut = Glutathione

WPR= Water vapor resistance (s/cm), a* = coloriroetoordinate, h*= hue angle
* significant at £0.05

** significant at £0.001

The interaction between glycerol and both Nacetylcysteine (F=15.00 ; $£0.001) and
glutathione (F=15.00; £0.001) had significant effect in the WVR of the ap@ pieces
coated with alginate film (Table 3). The effects athe interaction of both antibrowning
agents with glycerol are shown in Fig. 1a and 1b.He maximum values of WVR in
alginate coating were obtained by combining glycetan concentrations around 1.75%
v/v with N-acetylcysteine or glutathione in concentrations loer than 1% wi/v (Fig.
1a). No significant interactions between glycerolrad antibrowning agents in gellan
coating were observed (Table 3).

As stated by Kester et al., (1986), due to the hydrophilic nature ioatdg
and gellan, minimal water vapor barrier properties could be obtained in

films and coatings based on these polymers. Additionally, the antibrowning




agents employed: Jdcetylcysteine and glutathione and the plasticizer:
glycerol, are also hydrophilic, and a decrease in WVR and an iecieas
water loss could be expected when they are incorporated into coatings.
Maximum WVR values are obtained with given amounts of glycerol and N
acetylcysteine or glutathioneand increasing concentrations of the
plasticizer and the antibrowning agents result in decrease wfatiee vapor
resistance however this parameter is still low when compared to uncoated
apples, suggesting that water vapor barriers should be improved bypmadditi
of lipids.

(@)




Figure 1- Response surface for the effect of (a) glycdtacetylcysteine (% w/v) and (b) glycerol
glutathione (% w/v) on water vapor resistance (W6Ralginate based edible coating on cut apples.

Color evolution

Color parameters values obtained with gellan and alginate coatifngsbn

cut Fuji apples are show in tables 1 and 2. ANOVA and regression
coefficients for these responses are presented in Tables 3 andodr In
study, increasing in ‘aor decreasing in ‘hvalues were indicative of
browning in freskcut apples. Analysis of variance indicated that
antibrowning agents had only a significant effect ivalue (Table 3). The
analysis of data set indicated thhtacetylcysteine showed the most
pronounced individual effect on response when using both alginate
(F=16.98 ; x0.05) and gellanH=16.32 ; x0.05) coating after 48 h of
storage at atmospheric conditions. The negative values of regression
coefficients of Nacetylcysteine in alginate2,933) and gellan-1.634) in
table 4 indicated that an increase in the concentration of this compeadd |
to a decrease in aalues (absence of browning), demonstrating that N
acetylcysteine is an effective antibrowning agent to be incogmbiat the
formulation of edible coatings. On the other hand, linEar@.74 ; £0.05)

and quadrati¢F=8.16 ; £0.05 terms of glutathione had a significant effect
on a values in fresttut apple coated with gellan solution, indicating that
addition of this agent to gellan coating resulted in significasigons in

product browning, as evidenced by lowewralues.

The interaction between-Blcetylcysteine and glutathione had a significant
influence on avalues of apples pieces coated with algin&te1.66 ;

p<0.05) and gellanH=6.05 ; x0.05) which contained these combinations
of antibrowning agents (Table 3). The effect of the interaction df bot

compounds on avalues are shown in Fig. 2a and 2b, corresponding to



alginate and gellan coating respectively, after 48h storage. Incasts,
concentrations around 1% w/v of each antibrowning agents were necessary
to maintain avalues near the initial one2(59 + 0.27), independently of the
type of coating employed. Moln&terl et al.,, (1990) showed that the
combination of Nacetylcysteine and glutathione, at concentrations of 25 or

50 mM, prevented browning of Golden and Red Delicious apple slices.
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Figure 2- Contour plots for the effect of -Ncetylcysteinglutathione (% w/v) ora values of
alginate (a) and gellan (b) based edible coatingutrapples after 48 hours storage.

The h is an index frequently applied to represent changes in color of fruit
over time and effective to visualize color appearance of food products
(McGuire, 1992). Analysis of variance and regression coefficientshisr
response are presented in Table 3 and 4. Thealhes of apple pieces
without treatment (control) decreased from 97.82 = 0.21 to 89.87 = 0.31
during 48h storage, showing an substantial enzymatic browning. The
positive values of linear terms indicated thavalues in apple pieces coated
with alginate increased wheiN-acetylcysteine §=20.27; 0.05) or
glutathione F=7.14; x0.05) concentrations increased. The same pattern
was observed in frestut apples coated with gellan, as the values
increased when the concentrations eadetylcysteineK=47.04; x0.05) or
glutathione F=9.37; x0.05) increased (Table 3). The effectiveness of N
acetylcysteine and glutathione onvalues is in agreement with the results
obtained on a values. Samples coated with alginate containing N

acetylcysteine/glutathione combinatiof=6.46; 0.05) in concentrations



around 1% w/v maintained lvalues similar to initial values (Figure 3a).
The same behaviour was observed in apple pieces coated with gellan
containing Nacetylcysteine/glutathione combinatiofr=08.75; x0.05)
(Figure 3b). Glycerol concentration had no significant effect incthler
parameters of fresbut apples coated with both alginate and gellan edible

coating (Table 3).

Our results show that alginate and gellan based coatings are guigtsc

for antibrowning agents since browning is prevented in all cases. As
reported by Reyes (2000), gel coating, antibrowning agents and other
optional food additives, may be applied to cut and segmented fruits
sequentially or separately by any suitable technique. The edibiegdmat
generally applied before the antibrowning agents so that the geigcoan
adhere to the fruit and the antibrowning agents are incorporated in the
dipping solution containing calcium for crosslinking and instant gelling of
the coating (Lee et al., 2003; Wong et al., 1994a; Reyes, 2000).
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Figure 3.- Contour plots for the effect of -Ncetylcysteinglutathione (% wi/v) orh” values of
alginate (a) and gellan (b) based edible coatingutrapples after 48 hours storage.



Lipid addition to improve barrier properties of coatings

Alginate and gellan coating employed in fresi apples showed resistance values that are
low when compared to uncoated apples. The resistauator to water vapor of uncoated
apple cylinders was determined experimentally yngjd/alues of 12.1% 0.2 s/cm. This is
understandable since alginate and gellan are patarwapor barriers. As lipids are known
to improve the water barrier properties of ediblend, it was decided then to select from
the response surface design run in the initial tdation step, those formulations with the
concentrations of glycerol and antibrowning agethtst exhibited the highest values of
WVR as well as browning inhibition capacity: 1.5%4/\) of glycerol and 1% wi/v of N
acetylcysteine in a film forming solution of algtea2% (w/v), and 0.63% (v/v) of glycerol,
and 1% (w/v) of Nacetylcysteine in a film forming solution of gell@n5% (w/v), and
incorporate sunflower oil in an attempt to imprabeir water barrier properties. In our
study, Nacetylcysteine showed the most pronounced indivicdafiect in controlling
enzymatic browning of fresbut fuji apple coated with both alginate and geltaatings,

being the reason for choosing this compound fofitteg formulation.

The concentrations of sunflower oil were selected from prelimitréais
performed in the lab after investigating several concentratiaos raif
polymeric matrix/glycerol/sunflower oil, as done by Garcialgt(2000).

The effect ofsunflower oil on WVR values of the coatings is observed in
Figure 4. After addition of sunflower oil, water vapor resistancecased
significantly in comparison with coatings without oil: 15.70 and 14.60s/cm
to 19.2 and 27.6s/cm for alginate and gellan coatings with sunflower oil
respectively. The addition of sunflower oil into gellan had a more
pronounced effect in terms of increasing the WVR of the coating,ttiean

effect obtained when the oil was added to the alginate coatings (Figure 4).
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It is obvious that structural matrices of alginateand gellan do not provide effective
protection against water loss (Befr¥oshua et al., 1985; Kester et al., 1986; Wong et al
1994a). Wong et al. (1994b) determined water vapoesistance of cut apples pieces
coated with AVICEL, carrageenan, pectin and algina¢. A bilayer coating of
monoglyceride acetylated (AMG) was added to all cdimgs to improve their barrier
properties. Resistance values with lipid addition aried from 38.04 s crit for pectin

and 46.06 s cri for AVICEL. The alginate coating (0.5% w/v) showed resistance
values of 44.59 s cth The authors do not report values for coating witlut lipids, but

they do for uncoated apples: 3.03 s ch

Sunflower oil used in this study contained esseéritifty acids (o3 and ®6) that could
provide an additional benefit attributed to thebéglicoating related to the functional
properties of these fatty acids. Polyunsaturatéty fcids (PUFA) are not synthesized in
the body and must be acquired through djetaurces. Linoleic acid (LA, C18:206) and
linolenic acid (LNA, C18:3®3) belong to this group (Shahidi, 2004). Enzymes in our body
convert both groups of PUFA through a series ohtigation and elongation steps to C20
and C22 products, some of which are quite importanthealth and general wdiking.
The C20 compounds may subsequently produce a s#riegmonelike molecules known

as eicosanoids, which are essential for healthter@mce (Shahidi, 2004).
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Figure 4.- Effect of addition of sunflower oil to 2% alginalbased coatings 1.5% glycerol, 1% N
acetylcysteine, and 0.5 % geltaased coatings 0.6 % glycerol, 1%aletylcysteine on the resistance
of freshcut apple to water vapor.

(—)WVR of uncoated apples 12.18..5 s/cm

Microscopic examination of fruit coatings

Micrographs of crossection obtained with the stereomicroscope are shown

in Figures 5a and 5b. Alginate or gellan coatings containing theteele
formulations were both homogeneous, covering the whole surface of apple
pieces and showing good adherence. Coating thickness was also determined
from the micrographs, obtaining values of 132.45 + 20.48um for alginate

and 155.75 £ 13.30um for gellan. Garcia et al., (1998) report coating
thickness of plasticized starblased coatings in the range of 40 to 50um.
Rodriguez (2004) obtained a thickness of 1 1. 3Jor gellan coatings (2%

w/v) on cut melon pieces, which agreed with our results.

(@)
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Figure 5.- Micrograph of an apple (crosection) coated with gellan (0.5% w/v), glycera6@ v/v),
N-acetylcysteine (1% w/v) formulation (a), and apf@esssection) coated with alginate (2% w/v),
glycerol (1.5% v/v), Nacetylcysteine (1% w/v) formulation (b). The scale bar represents 100 pm.

CONCLUSIONS

Glycerol as plasticizer of alginate and geltzased coatings affect WVR as
do hydrophilic antibrowning agents like-&tetylcysteine and glutathione
that can be carried in the coatings exerting its antibrownimgtedin fresh

cut apples. Addition of lipids, such as sunflower oil is needed to improve
water vapor barrier properties. Gellan/sunflower oil composite rogsati
were more effective in increasing WVR than alginate/sunflowgr

coatings.
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