MATHEMATICAL ANALYSISOF CAUSTIC
PEELING OF KIWIFRUITS

M. Guldas!, L. Bayindirli?

Uludag University, Karacabey Technical Vocational School of Higher Education,
Department of Food Technology, 16700, Bursa, Turkey?
Middle East Technical University, Department of Food Engineering

06531, Ankara, Turkey?

ABSTRACT

Theaims of this present syudy wereto investigate time, temperature and concentration
relations for caustic peeling of kiwifruits and to develope a mathematical model.
Caustic soda (NaOH) solutions with different concentrations (14, 17, 20 and 23 %)
were used in the experiments at 80, 85, 90 and 95 °C for varying time intervals.
According to results obtained, either the time- temperature or the time-concentration
correlations were linear. As the most effective peeling method, treatment with % 23
caustic soda at 95 °C for 4.5 min was determined. The accomodation between the
model developed and the peeling values was tested with regression analysis.

Introduction

The homeland of kiwifruit is China. It was
taken to New Zealand at the beginning of
1900" s and called as Chinese gooseberry.
L ater, spread over Europe and Americaand
was named as kiwifruit at the beginning of
1960" s. It is known that the fruit is also
named as ichang gooseberry, groseille de
China, kiwiberry, maoerh-tao, monkey
peach, sheep peach, souris vegetale and
yang-tao (1). Theamount of annual produc-
tion is about 200.000 tons. The plantation
of kiwifruit in Europe and America started
40 or 50 yearsago (2). In many countries, it
isaccepted asagarden product having ahigh
economic value. Isisobserved that the plan-
tation of thefruit in our country rises rapid-
ly in Black Sea, Mediterrenean and Marma-
ra Regions. In addition to its having arich
mineral composition, it's superior to many
fruits as it has high amount of vitamin C.
Theamount of vitamin Cinitistentimesas
much as an apple and three times as much
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asan orange. Thevarietiesof kiwifruit (Ac-
tinidia chinensis planch) having acommer-
cial importanceare Hayward, Allison, Bruno
and Monty. The variety which is grown
widely in our country isHayward. Thefruit
isutilized in many ways such asfruit juice,
frozen food, wine, jam, marmalade, canned
food and dried product; and it isused to soft-
en meat aswell.

Hand peeling is a process requiring a high
labour cost and so it increases the cost of
product. It has 60 % of the total labour cost
(3). Flame, steam and chemicalsare used for
the peeling process of fruit and vegetables.
The application of flame can cause combus-
tion and a cooked flavour comes out (4).
Further more the taste is never desired in
fruits, the application field becomes limit-
ed. Dueto not adjusting steam and tempera-
ture properly, an over-boiling comesout and
asaresult of this, the loss of product tissue
(or weight loss) with the peel increases (5).
Being the oldest and the most common meth-
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od today, caustic soda (NaOH) is used in
chemical peeling (6). Peeling with caustic
started at the beginning of 1900" s(3). The
concentration of NaOH used beginsfrom 1-
2 % and can reach to 25 %. Concentration,
process duration, temperature, variety and
size of the product, maturity and quality of
chemicals are important factors in caustic
peeling. While in some horticultural prod-
ucts boiling temperature is used as process
temperature, for instance, membranes of
grapefruit segments are peeled at 80-85 °C.
Theprocessduration in chemical peeling of
fruit begins from 30-40 seconds and can
reach to 10 minutes. The type of peeling
machineis also important and it affects the
comsumption of caustic solution aswell as
the product variety and thefruit’ smaturity.
As aresult of scanning literature , it was
observed that the concentration of caustic
soda used in peeling kiwifruit changed be-
tween 15 % and 25 % and that the tempera-
ture focused between 80° C and 100 °C (4,
7, 8). Not only a physical peel removing
comes out but also a diffusion and several
complex chemical reactions appear during
the peeling with NaOH (9, 10).

Theaim of thisresearch isto determine the
changesin processvariables (concentration,
time and temperature) during the caustic
peeling of kiwifruit, to form amathematical
model using the dataand to search the opti-
mum peeling variables.

Materialsand Methods

Kiwifruits used in this research belong to
the variety of Hayward and they were sup-
plied from Atatirk Research Intitution of
Horticultural Crops (Yaova). The fruitsin
good condition having the size of about
72x52 mm and water soluble solidsof which
are about 9 % were used.

Intheresearch, literature datawastaken as
a base when determining the temperature
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degrees and the concentration of dipping
solutions. Four different temperature degrees
(80, 85, 90 and 95 °C) and for each temper-
ature degree four concentration values (14,
17, 20 and 23 %) were determined. To es-
tablish the process duration ( for the tem-
perature/ concentration combinations de-
fined above), the shortest time values (as
minute) when the compl ete peeling wasdone
were taken as main criteria. Asit was con-
sidered that the more the temperature and
the concentration wereincreased, the easier
the peeling became, time intervals were
made narrower.

First, solutionswith different concentrations
(14, 17, 20 and 23 %) having the volume of
2 litres were prepared. Eight kiwifruits be-
ing put into each solution werewaited at 80
°C during 3, 6, 9 and 12 minutes. Same pro-
cess steps were repeated for 85, 90 and 95
°C with decreasing timeintervals. After that,
the fruits were cooled being washed under
the tap water with 20 °C and flowing 100
mL/sfor 2-3 minutes. The peeling scores of
kiwifruitsweredesignated asin Table 1. The
ones peeled between 0-25 % as not peeled,
the ones peeled between 25-50 % as badly
peeled, the ones peel ed between 50-75 % as
dightly peeled, the ones peel ed between 75-
98 % as well peeled and the ones peeled
above 98 % as completely peeled were ac-
cepted and so scoring wasdonein five cate-
gories (3). To determine the optimum time-
temperature and time-concentration rela-
tions, the scores of complete peeling were
considered.

Results and Discussion

Inthisresearch, time-temperature and time-
concentration relations required to peel the
kiwifruit completely weretried to be put out.
Minimum time values when the complete
peeling was achieved were taken as a base.
Applying the least squares method, a sim-
pleregression analysiswas performed (Ta-
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ble2and 3) andit wasshown on linear mod-
el. Toform amodel, general equation coef-
ficientswere determined and different math-
ematical equationswerefound for both time-
temperature and time-concentration rela-
tions.

Regresion anaysis and determinations on
formed models showed that the relations
between time-temperature and time-concen-
tration datawerelinear. That both time-tem-
perature and time- concentration relationsare
linear firstly derives from that the data are

related to each other. In both relations, as
the temperature and concentration values
obtaining the complete peeling increasesthe
processduration decreases. The databelong-
ing to time-concentration relation and ob-
tained from the regression analysismadefor
each NaOH concentration are defined in
Table 2. Graphics relating to the table and
drawn with the data obtained from the mod-
el formed are seen

in Fig. 1. The data belonging to time-con-
centration relation and obtained from the

TABLE 1
Time/Temperature/Concentr ation/Scor e Relation for Caustic Peeling of
Kiwifruits
80°C Conc. %14 Conc. %17 Conc. %20 Conc. %23
T |[3.0min* 3.0min* 3.0min* 3.0 min*
| 6.0min* 6.0 min* 6.0 min* 6.0 min**
M |9.0 min* 9.0 min* 9.0 min** 9.0 min**
E [12min* 12 min** 12 min*** 12 min***
85°C Conc. %14 Conc. %17 Conc. %20 Conc. %23
T 2.5 min* 2.5 min* 2.5 min** 2.5 min**
I 5.0 min.** 5.0 min** 5.0 min*** 5.0 min***
M 10 min*** 10 min**** 9.0 min**** 9.0 min****
E 16 ml n***** 15 ml n***** 13 ml n***** 12 ml n*****
90°C Conc. %14 Conc. %17 Conc. %20 Conc. %23
T 2.0 min** 2.0 min** 2.0 min** 2.0 min**
I 4.0min.*** 4.0 min*** 4.0 min** 4.0 min***
M 7.0 min**** 6.0 min*** 5.5 min*** 5.0 min****
E 8.0 ml n***** 7.0 ml n***** 6.5 ml n***** 5.5 ml n*****
95°C Conc. %14 Conc. %17 Conc. %20 Conc. %23
T |2.0min** 2.0 min** 2.0 min*** 2.0 min***
I 3.5min.** 3.5 min*** 3.0 min*** 3.0 min****
M | 5.5 min*** 5.0 min**** 4.5 min**** 4.0 min****
E [7.0mins**** 6.0 min***** 5.5 min***** 4.5 mip**x**
* No peeling : Higher than 0 %

**  Bad peeling
***  gSlight peeling
***% Good peeling

: Higher than 25 %
: Higher than 50 %
: Higher than 75 %

*xx%* Complete peeling : Higher than 98 %
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TABLE 2

Regression Coefficients, Correlation and Deter mination Valuesfor the

Model T=a-bt
Temperature | Concentration b - 2 2P
(°C) (% NaOH)
85/90/95 14 -0.900 91.330 -0.912 0.832
85/90/95 17 -0.900 90.330 -0.912 0.832
85/90/95 20 -0.750 75.830 -0.921 0.848
85/90/95 23 -0.750 74.830 -0.921 0.848
* Regression coefficients; 2Correlation value; ® Determination value
TABLE 3
Regression Coefficients, Correlation and Deter mination Valuesfor the
Model T=a-bc
Concentration | Temperature - - @ 2b
(% NaOH) (cC)
14/17/20/23 85 -0.460 22510 -0.990 0.9801
14/17/20/23 90 -0.266 11671 -0.990 0.9801
14/17/20/23 95 -0.266 10.671 -0.992 0.9840

*Regression coefficients; 2 Correlation value; ® Determination value

regression analysis made for each tempera
turedegreeisgivenin Table 3. Graphicsre-
lating to the table and drawn with the data
obtained from the model formed are seenin
Fig. 2.

As aresult of regression analyses, it was
found that therelation between timeand tem-
peratureisexplained withtheequation T=a-
bt and the one between time and concentra-
tionisexplained with theequation T=a-bc.
In both eguations; T istime, a and b are
coefficients, t is temperature and c is con-
centration.

That time-temperature and time-concentra-
tionrelationsarelinear were confirmed with
the models established. In both models (or
functions), when the coordinates shown by
temperature (t) and concentration (c) values
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appearing when the data of dependent vari-
able time(T) was put into its place in func-
tionswere plotted and connected, thelinear
graphic functions with negative slope seen
in Figure 1 and 2 were obtained. To deter-
mineif thelines have negative slope or not,
correlation coefficients(r) were defined (Te
ble 2 and 3) and they were found to be very
closeto -1.

The determination coefficients (r?) in time-
temperature relation is about 84 % and the
one in time-concentration relation is about
98 %. It can be seen that how much the vari-
ablesindependent or effecting (temperature
and concentration) from the importance of
determination coefficient affect thevariable
dependent or effected (time). The determi-
nation coefficients' being
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Fig. 1. Temperature-Time Relation.
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Fig. 2. Concentration-Time Relation.

highin both relations statesthat peeling du-
rations are eff ected by temperature and con-
centration largely.

Increasing the concentration or the temper-
ature of caustic soda solution such asin ap-
ples and peanuts, causes the peeling dura-
tion to decrease (3, 11). It is observed that
temperature is the most effective variable
among the process variables. This can be
understood from the slopes of lines placed
inFig. 1. Increasesin concentration did not
affect the peeling duration as much as the
temperature degree (Fig. 2). Inother words,
only increasing the concentration of NaOH
doesnot have any effect on peeling. Asseen
from Tablel, when the temperature must be
fixed, increasing the concentration valuesdid

Biotechnol. & Biotechnol. Eq. 18/2004/2

not cause significant changesin peeling du-
rations. The peeling duration over 90°C be-
came clearly shorter. The complete peeling
durations changing between 12 and 16 min-
utes at 85 °C decreased from 8 minutes to
4.5 minutes when the temperature was in-
creased to 90 and 95 °C.

As aresult of some peeling treatments, a
yellowish layer appeared inthetissue of fruit
periphery depending on the process duration.
During the treatments when the duration is
beyond 8 minutes at 80 °C, 7 minutes at
85°C, 6 minutes at 90 °C and 5.5 minutes at
95°C, it was observed that the colour start-
ed to change from greeninto yellow in fruit
periphery. When the process durations at
which the complete peeling was achieved
and the temperatures are 85 °C, 90 °C and
95°C wereincreased to 7.5 minutes 6.5 min-
utes and 6 minutes respectively, it was ob-
served that the thickness of thislayer reached
t0 0.5-1.0 mm and that it became thicker as
the process duration increased. For thisrea-
son, the time values in which the colour
changein tissue and the weight | oss because
of the heat intensity did not come out were
taken basically. The values achieving the
complete peeling and in which the abnor-
mal physical changesinfruit did not appear
were selected as the most suitable peeling
variables. The kiwifruit is best peeled in
NaOH solution with 23 %, at 95 °C and in
4.5 minutes.

The reason for a yellowish layer appeared
in fruit periphery was that when going be-
yond the defined temperature and time val -
ues, thegreen coloured chlorophyll pigment
inouter tissue of fruit directly contacting the
heat changed into pheophytin being affect-
ed by the heat. According to Zhenzhen and
Tingyao(12), asimilar transformation occurs
at 100°C, in 5 minutes during the process of
heating applied to canned kiwifruit.
Itisproposed that this method be appliedin
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kiwifruit which will be used for the produc-
tion of jam and marmalade and so it will be
possibleto save on both time and labour cost
when processing alarge amount of fruits.
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