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Abstract

In this study, carrots of Beypazari variety, were chemically and steam peeled. Effects of temperature, con-
centration of NaOH solutions and immersion time on lye peeling of carrots were studied. Under complete
peeling conditions, the effect of chemical and steam peeling on quality of carrots were determined by us-
ing pectin analysis, peeling yield and color measurements. Chemical and steam peeled carrots were also
compared with mechanically peeled carrots and unpeeled carrots. The peeling yield of steam peeled carrot
was higher than the chemically peeled carrot. When compared with other peeling methods, the amount of
pectin is the highest in steam peeling. However, the lightness of the chemically peeled carrot had nearly the
same value compared to steam peeling.
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KABUK SOYMA YONTEMLERININ
HAVUC KALITESINE ETKISI

Ozet

Bu calismada, Beypazari havuglarinin kabuklari, kimyasal yontem ve buharla soyma yontemleriyle
soyulmustur. NaOH c¢ozeltisinin konsantrasyonu, sicakligi ve daldirma siiresinin etkileri arastirilmistir.
Tam soyulma kosullarinda, kimyasal yontem ve buharla soyma yontemlerinin etkisi, pektin analizi, soyulma
verimi ve renk Ol¢ciimleriyle belirlenmistir. Kimyasal yontemle ve buharla soyma yontemleriyle soyulmus
havuglar, mekanik soyma yontemi ile soyulmus ve herhangi bir soyulma islemi gérmemis havuglarla
kiyaslanmistir. Buharla soyulmus havuclarin soyulma verimi, kimyasal yontemle soyulmus havuclarin
soyulma veriminden yiksektir. Diger kabuk soyma yontemleriyle karsilastirildiginda, buharla soyulmus
havuglarin pektin miktari en yiiksektir. Fakat kimyasal yontemle soyulmus havuglarin parlakligi ile buharla
soyulmus havugclarin parlaklig1 neredeyse aynidir.

Anahtar kelimeler: Havug, kabuk soyma, pektin, soyulma verimi, renk
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INTRODUCTION

Fruit and vegetables contain a wide range of com-
pounds including antioxidant vitamins C and E,
minerals, phenolics and carotenoids. A number of
carotenoids including [-carotene and a-carotene
have pro-vitamin A activity, since they are con-
verted to retinol by mammals. Dietary deficiency
of vitamin A can lead to blindness and premature
childhood mortality (1- 3).

The carrot belongs to the family Apiaceae (Umbel-
liferae) which is a member of the parsley family.
The cultivated carrot belongs to the genus Dau-
cus L. which contains many wild forms. In Turkey,
Beypazari variety is the most popular. Beypazari
provides 60 % of carrot production of Turkey (15).

Peeling is the most important step in processing
of carrots. Removing this skin increases respira-
tion and initiates production of a new protective
layer. This is especially seen in abrasion (mechani-
cal) peeled carrots. These carrots quickly lose their
bright orange color from development of a white
material on the surface. That limits consumer ac-
ceptability of the product (4).

Chemical peeling involves diffusion and chemi-
cal reactions. Once the caustic solution of NaOH
comes in contact with the surface of the fruit, it
dissolves the epicuticular waxes, penetrates the
epidermis, and diffuses through the skin into the
fruit (5). Inside the fruit, the NaOH reacts with
macromolecules (polygalacturonic acid, other or-
ganic acids, hemicellulosic polysaccharides, pro-
teins, etc.) and organic acids in the cytoplasm,
middle lamella and cell wall. These reactions slow
down the inward diffusion of NaOH and therefore
at low NaOH concentration, lower diffusivity val-
ues are observed. When the NaOH concentration
is sufficiently higher than a baseline needed for
chemical reactions, however, a fast reaction rate is
achieved. And as a result, separation of skin takes
place. Peanut of Antep variety, hazelnuts and wal-
nuts were peeled at different temperatures and for
each temperature, different NaOH concentrations
were selected and then minimum required times
for complete peeling was obtained. However, the
physical properties were important for the result.
Color is the most significant physical property as
the temperature of the lye solution increases. The
color darkens as the temperature increases and
even it gets a brownish color as the temperature
reaches to 80-90 °C (6-8). Also penetration depth

is important. As the concentration of the solution
gets higher, there occurs more and more small cav-
ities on the surface and the surface of the peeled
product gets rougher. This method results in de-
crease some quality parameters color, odor and ap-
pearance of the products that will be consumed as
a whole (9-11).

Steam peeling may be explained by two phenom-
ena. First, the building up of internal pressure
because of high temperature causes mechanical
failure of the cell. Second, the effect of heat on
the tissue which results in loss of rigidity and re-
duces turgor pressure due to biochemical changes,
melting and breakdown of substances and general
disturbance and disorganization of the structure
of the cell. As a result, several cell layers between
exocarp and mesocarp will collapse, the skin will
become loosened, and it will be removed by the
pressurized spray water action which follows the
steam process (12, 13).

The objectives of this study were to evaluate the ef-
fects of chemical and steam peeling treatments by
measuring quality parameters such as pectin, peel-
ing yield and color. Also, the finished product quality
of carrots was evaluated by using these parameters.

MATERIALS AND METHODS
Raw Material

Carrots of ‘Beypazarl’ variety, cultivated during
2007 season, were bought from local market. The
carrots were of the average weights which were in
the range of 75-110 grams.

Experimental

Chemical Peeling

Caustic (lye) solutions of 2.5, 5.0, 7.5 and 10.0 g
NaOH / kg peeling solution (Merck NaOH pellets
pure) were used at temperatures 57, 67, 77 and 87
°C for varying time intervals for peeling of carrots.
In chemical peeling, the carrots were immersed
in the lye solution for a predetermined time and
cooled in tap water at 15 °C for 1 min at a flow rate
of 100ml/s.

Steam Peeling
Steam peeling treatments were conducted with a
Pressure Cooker (Solingen Germany 18/10 Cr/Ni
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Aluminum 18/10 Cr/Ni); a 7 liter capacity vessel
at an inlet steam pressure of 130.7 kPa and a con-
stant temperature of 107 °C was used. The time of
exposure to steam was equal to the total time of
processing. In steam peeling, the carrots were left
in the pressure cooker for a predetermined time
and cooled in tap water at 15 °C for 1min at a flow
rate of 100ml/s. While peeling the carrots, carrots
were prevented from cooking (15).

Peeling Yield
It was measured by weighing carrots before and af-
ter peeling and calculated as percent (%) (8).

Color

Color was measured by Minolta color reader
(CR-10, Japan) and expressed by CIE coordinates
(L*a*b*) system. The samples were scanned at six
different locations to determine average L, a and b
values. Total color difference (AE) was calculated
from the following equation (14);

AE=[(L-L 24 (b -b

: + (d t-a - stundard*)z]

standard k) standard *)
where, standard values referred to the BaSO, plate

(L'=96.9, a’=0 and b'=7.2).

Pectin Analysis

The carrot sample was extracted with HCI and
ethanol. The extract was filtrated and then washed
with ethanol. After washing, extract was dried at
103 °C. Dried extract was solved in ethanol and
water. By using phenolphthalein indicator solu-
tion, extract was titrated with NaOH solution. The
mixture was shaken with HCl solution and titrated
again with NaOH solution with the help of phenol-
phthalein indicator solution. The used up NaOH
solution was used to calculate the amount of pec-
tin of the sample (TS 10373, 1992).

Table 1. Chemical Peeling Conditions of Carrots

Data Analysis

Analysis of variance (ANOVA) with two ways and
Tukey’s Multiple Comparison Test (P<0.05) were
used to obtain statistical comparison of treat-
ments. Also Multiple Regression was applied to the
data by using Minitab for Windows (V14).

RESULTS AND DISCUSSION

In order to decide on optimum combination; mini-
mum concentration, minimum time and minimum
temperature should be considered. These minimal
conditions were determined by testing the condi-
tions individually in the previous study. Every con-
dition was tested and a suitable set of conditions
for chemical peeling of carrots was determined
as 7.5 g NaOH / kgat 77 °C for 10.5 minutes. This
value is optimum peeling condition for carrots in
chemical peeling for this study No peeling was ob-
served during the usage of 2.5 g NaOH / kgat 57
°C (Table 1). Peeling conditions were determined
according to their unpeeled skin surface area. No
cooking was observed during the experimentation.
The conditions were also adjusted to prevent cook-
ing. Finally, the peeled skin surface was measured
by a specific method (15).

The hot lye solution dissolves and removes the epi-
cuticular and cuticular waxes of the outer pericarp
surface, penetrates the skin and diffuses uniformly
into the fruit. The diffusion of lye causes breakdown
of the epidermal and hypodermal cells and solubi-
lization of the pectic substances in the middle la-
mella, separating the skin from the edible part of
the fruit. More severe action of lye causes destruc-
tion of cell walls especially of the mesocarp cells
resulting in increased peeling loss (5). Prolonged
peeling treatments increase peeling losses (16). If
the lye peeling process is carried out satisfactorily,
diffusion and action of lye will be controlled and
cell wall degradation effects will be restricted to
epidermal and hypodermal regions with a mini-
mum effect on parenchymatous mesocarp cells.

Temperature 2.5 g/kg 5.0 g/kg 7.5 g/kg 10.0 g/kg
57 °C - 24 min 18.5 min 14.5 min
67 °C 22 min 17.5min 15 min 11.5min
77 °C 18 min 14 min 10.5 min 9 min
87 °C 17 min 12 min 10 min 5 min
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If the lye solution is applied for too long a time,
or it is highly concentrated, severe action will take
place deeply inside the flesh, and some loss of the
edible part of the fruit will occur (5). In this study,
the concentration is the most important parameter
for that condition because, when the concentration
is high, the penetration time decreases. Very low
concentration of lye solution causes the increase
of the waiting time. In addition to concentration,
time is the second important factor for penetration
depth. In the previous study, the penetration depth
was measured. A chemically peeled carrot was cut
into two identical pieces. From the central part of a
one piece, thin slices (1 mm) were cut. A few drops
of phenolphthalein solution (3%; w/v) were applied
to the slices and one slice was placed into a phe-
nolphthalein solution. The NaOH solution did not
penetrate to the edible part of the carrot (15).

Floros and Chinnan (12) indicated that high tem-
perature causes mechanical failure of the cell
and then the effect of heat on the tissue causes
biochemical changes, melting and breakdown of
substances such as pectins and polysaccharides
and general disturbance and disorganization of
the structure of the cell. Heat penetration to the
tissue altered the pectin in the middle lamella at
above 60 °C. Pectin in the primary and secondary
walls changes, causing the separation of the com-
pact lamella into fibrils and a local decrease in the
amount of pectin is observed (17).

The effect of lye peeling on pectin amount of car-
rots was evaluated and the optimum temperature
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Figure 1. Pectin-concentration relations for chemically
peeled carrots.

and concentration for the pectin amount was de-
termined. Figure 1 shows pectin-concentration re-
lations at constant temperature. As seen from the
figure from left to the right, concentration increas-
es and then the amount of pectin of the peeled car-
rots increases. At 87 °C values; time is not as high
as other treatments. However; the pectin amount
is low at 87 °C 10.0 g/kg NaOH concentration.
The lowest pectin amount is at 57 °C and 5.0 g/kg.
This demonstrates that temperature is the second
important factor after the time. At 57 °C and 5.0
g/kg NaOH concentration, the time period is 24
minutes. Although temperature is the lowest, the
pectin amount is the lowest than the others. The
optimum concentration for peeling is 7.5 g/kg be-
cause the amount of pectin is higher than 5.0 g/
kg and also the pectin amount does not increase
significantly when the concentration of solution is
10.0 g/kg.
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Figure 2. Pectin-temperature relations for chemically
peeled carrots.

The optimum temperature determination can be
found by using Figure 2. According to Figure 2, the
amount of pectin is the highest at every tempera-
ture when the concentration of the lye solution is
10.0 g/kg. From Figure 1, we know that tempera-
ture is important for the amount of pectin; Figure
2 also confirms the same statement. Except for 57
°C and 5.0 g/kg value; the highest the temperature
is, the lowest the pectin amount is.

In addition to the temperature, concentration
values are arranged in increasing order. Once the
concentration of lye solution increases, the waiting
period of the carrot in the lye solution decreases;
when time is short the amount of pectin of the
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sample increases. The concentration was deter-
mined 7.5 g/kg according to Figure 1. In Figure 2,
since the concentration of the lye solution is 7.5 g/
kg; the amount of pectin of the peeled carrots were
indicated nearly the same; except for 87 °C.

The determined optimum peeling condition for
chemically peeled carrots was 77 °C 7.5 g/kg and
10.5 minutes for this study. It can be clearly said
that the determined optimum condition for chem-
ical peeling fitted to the quality evaluation value.

75 A

74 o * n

73 - - ] o

|

72 4 A

71 A o

70 & o

69 -

681 o

67 T T T T T T T T 1
72 74 76 78 80 82 8 8 88 90

pectin (mg/g)

peeling yield (%)

*57°C (5.0,7.5,10.0 gkg) WM67°C (2.5:5.0:7.5:10.0 glkg)
A 77°C (2.5,5.0,7.5,10.0 glkg) <> 87°C (2.5.5.0.7.5,10.0 glkg)

Figure 3. Pectin-peeling yield relations at constant
temperature

While examining the Figure 3; the value which
included the lowest amount of pectin showed the
lowest yield of peeling. Separation of the peel in-
dicates a local decrease of the amount of pectin
(16). From that important information; peeling
yield also determined the amount of pectin of the
peeled carrot. From Figures 2 and 3, increased
concentration decreased time, then pectin amount
increased; but, the peeling yield did not change
significantly at 57 °C. In Figure 3, the amount of
pectin at 67, 77 and 87 °C increased when the peel-
ing yield increased. Pectin degraded due to heat at
87 °C; so, the amount of pectin was the lowest. The
slope of 77 °C is highest than the slope of 67 °C, by
the help of this information, peeling yield of 77 °C
values were highest than the values of 67 °C. The
highest amount of pectin region, which is the top
of the Figure 3, demonstrates the points of differ-
ent temperature values. From left to right, peel-
ing yield increases; however, the amount of pectin
does not increase like peeling yield at that region.
There are two points on the graph which the 67
and 77 °C values are nearly the same. The lowest

pectin and peeling yield value, as mentioned before
in figures 1 and 2, confirms the optimum condition
here again at that point.
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Figure 4. Pectin-peeling yield relations at constant
concentration

Like Figure 3, from left to right, peeling yield in-
creases at constant concentration at Figure 4. From
left to right, the concentration points changes in
increasing order. At the maximum peeling yield
point, the amount of pectin does not reach at max-
imum value. However, that point is the 10.0 g/kg
NaOH concentration point. According to figures 1,
2 and 3, it was the value of 87 °C and at that temper-
ature, the amount of pectin was not the maximum.
The other 10.0 g/kg values have much pectin. The
peeling yield of that pectin value is the lowest at 57
°C. Peeling yield were nearly the same at 67 and 77
°C. The increase of concentration decreased peeling
time, increase in concentration increased peeling
yield at the same time. When the 7.5 g/kg NaOH
values were evaluated, the highest pectin with the
highest peeling yield which is the optimum value
for chemical peeling can be seen clearly.

Carrots were peeled by using steam. In steam peel-
ing, saturated steam of 130.7 kPa and 107 °C was
used. Complete peeling was achieved at 8.5 min-
utes The operational parameters and conditions
were explained in the previous study. Briefly, no
cooking was observed and unpeeled surface area
was measured by a specific method as mentioned
before (15). For only comparison purposes, carrots
were also peeled commercially, which was called
mechanically.

The amount of pectin difference between the three
peeling methods with raw carrot (unpeeled carrot)
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was compared. Raw carrot had the highest pectin
amount. Steam peeled carrot had the second and
chemically peeled carrot (optimum value-77 °C;
7.5g/kg; 10.5 min) had the third highest pectin
amount. Mechanically peeled carrot lost the high-
est pectin amount due to the removal of the high-
est amount of peel. Finally, it could be clearly said
that peeling yield vs pectin amount of carrots had
a direct proportion.

According to statistical analysis, temperature and
concentration were insignificant for the amount of
pectin. However, it can be understood from figures
1 to 4; the difference was not significant.

According to multiple regression obtained for pec-
tin amount, the temperature (T) of lye solution and
peeling time (t) were significant for pectin, but the
concentration (C) of lye solution was not signifi-
cant for the amount of pectin (P<0.05). The regres-
sion equation is of pectin (PE) is:

PE =109 - 0.283 T- 6.45 C- 0.832 t (1)

According to multiple regression for peeling yield,
the temperature and concentration of lye solution
were significant for peeling yield of the carrots
(P<0.05). The regression equation of peeling yield
(PY) is:

PY=56.3+10.6 C+0.232T (2)

The color is the most significant physical prop-
erty for consumer acceptance of the peeled prod-
uct (18). Very good peeling (peeled surface higher
than 98%) was achieved for all concentrations and
temperatures except 2.5 g/kg at 57 °C, and green
color formation was observed on the surface of the
carrot. Statistically, for total color difference, tem-
perature is insignificant, however; concentration is
significant. For complete peeling conditions, Fig-
ure 5 demonstrates total color difference values of
the chemically peeled carrots. According to statis-
tical analysis, the total color difference (AE) of car-
rots only changes with concentration. The NaOH
concentrations of 5.0 and 7.5 g/kg peeled carrots
were alike. However; the NaOH concentration of
2.5 and 10.0 g/kg were alike. The reason for that
result is at 2.5 g/kg the concentration was very low
and at 10.0 g/kg the time was very low. So, the ef-
fect of solution to the color of carrot could be the

same. In any case, the NaOH concentrations of 5.0
and 7.5 g/kg demonstrated the same effect due to
the peeling time-concentration of lye solution rela-
tions. Finally, the AE results were only significant
with concentration (P<0.05).
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Figure 5. Variation of total color difference (AE) of carrots by
peeling concentrations at different temperatures of caustic
solutions. Each bar represents mean of three replications.
Bars with the same letters are not significantly different at
the P< 0.05 level.

Figure 6 expresses the lightness (L*) of carrots by
peeling concentrations at different temperatures of
caustic solutions, statistically. An interesting result
was obtained. The lightness of carrots was both
significant and insignificant to the other carrots
when the concentration of the lye solution was 7.5
g/kg. Also the L* value of carrots were insignificant
when the concentration of lye solution was 5.0 and
10.0 g/kg. In addition, the L* value of carrots were
significant when the concentration of the lye solu-
tion was 2.5 g/kg (P<0.05). Considering the con-
centration, the evaluation of lightness is complex.
However; for chemical peeling, the more bright
carrots were peeled at all concentrations of 57 °C.
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Figure 6.Variation of lightness (L*) of carrots by peeling con-
centrations at different temperatures of caustic solutions.
Each bar represents mean of three replications. Bars with the
same letters are not significantly different at the P< 0.05 level.
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CONCLUSIONS

It can be said that chemical peeling provides the
reduction of the labor cost. Depending on the
temperature, concentration and treatment time,
lye peeling process is superior to mechanical peel-
ing, since it is effective on carrots having irregular
shapes and cavities. Moreover, the lye solution did
not penetrate into the carrot. That is an advantage
for the peeling process

According to multiple regression for pectin
amount, the temperature of lye solution and peel-
ing time were significant for pectin, although the
concentration of lye solution was insignificant for
the amount of pectin (P<0.05). The temperature
and concentration of lye solution were significant
for peeling yield of the carrots (P<0.05).

Considering the similarities between steam and
chemical peeling mechanisms, it is reasonable to
expect improved efficiency and reduced peeling
loss in the case of steam as well. However; the two
methods for peeling carrots are suitable when con-
sidering the needs for the processes. The need and
conditions of the plant are important for selecting
the method.
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