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Summary

The present research was conducted to determine the effects of
chemical and natural sprout inhibitors on potato (Solanum tubero-
sum ‘Agria’) tuber quality at two storage temperatures (8 °C or
15 °C). Four doses (0, 50, 100, 150 g/10 L) of ground and whole cara-
way (Carum carvi L.), containing high levels of S-(+)-carvone, and
chlorpropham (CIPC) were applied. Tubers were stored for a total
of 135 days in plastic containers (10 L) and placed in cold storage
rooms at 8 °C or 15 °C with 85 % relative humidity. Sprout inhibi-
tors were applied only once at the start of experiment. At the end of
135 days the tubers stored at 8 °C had high starch and vitamin C
content with a higher degree of firmness as compared to the tubers
stored at 15 °C. Total soluble sugar content (TSS) of tubers increased
during the storage period and the increase was high at 15 °C than
8 °C of storage condition. Low temperature storage and ground
caraway treatments at high temperature caused accumulation of
reducing sugars (RS). In general, ground caraway and CIPC treat-
ments were more effective in maintaining tuber quality than the
control and whole caraway treatments during the storage period.

Key words: Caraway seed, chlorpropham, potato, storage tempera-
ture, tuber quality

Introduction

In most countries, potatoes are harvested once a year. Adequate and
steady supply of tubers depends on long term storage for domes-
tic consumption, food-processing industries, starch production and
planting material purposes. High moisture content and metabolic
activity of potatoes lead to both losses of weight and quality. The
primary causes of these losses are respiration, transpiration and
sprouting (BURTON et al., 1992). Respiration of tubers during sto-
rage and breakdown of dormancy result in sprouting, thereby cau-
sing the alterations in weight, texture, nutritional value, shrinkage
and the formation of toxic alkaloids (SUHAG et al., 2006; DELAPLA-
CEet al., 2008). To increase the amount of marketable potatoes after
storage and to avoid quality deterioration, good storage conditions
and effective treatments are necessary.

Methods of storage have been designed to prolong the dormant
period and to retard or inhibit undesirable quality changes. Storage
at low temperatures delays sprouting but also leads to sweetening
of potatoes due to accumulation of RS. It is complicated to store
potatoes intended for processing because relatively high storage
temperatures are required (8-10 °C) to prevent RS accumulation.
Prolonged storage of potatoes at temperatures higher than 7-8 °C
requires the use of sprout inhibitors. Chlorporpham is the most
effective sprout inhibitor registered for use in potato storage
(SARAIVA and RODRIGUES, 2011). However, many countries have
restricted the use of CIPC due to problems associated with chemical
residues (HARTMANS et al., 1995).

An increasing public demand for the safety issues of chemicals
raises to use the natural inhibition agents. The essential oils of aro-
matic plants are found to have this potentially. Many studies have

been conducted to investigate the sprout suppressing capacity of
natural products with different active substances involving caraway
(SILVA et al., 2007; SANLI et al., 2010), clove (SONG et al., 2004;
ELSADR and WATERER, 2005), dill (SONG et al., 2004; GOMEZ et al.,
2010), peppermint (FRAZIER et al., 2004) and spearmint (FRAZIER
et al., 2004; SONG et al., 2004; ELSADR and WATERER, 2005). Stu-
dies indicate that carvone, the major compound in caraway and dill
seed oil, is an effective inhibitor of sprout growth in potatoes (SONG
et al., 2004; SANLI, 2012). Suppressing effect by carvone is reversi-
ble (OOESTERHAVEN et al., 1993), and thus carvone could be used as
a sprout growth regulator of seed potatoes during storage (SORCE
et al., 1997). In addition to sprout suppression, several studies have
shown that carvone can effectively inhibit the growth of certain
fungi and bacteria (HARTMANS et al., 1995; OOESTERHAVEN et al.,
1995; FRAZIER et al., 2004). To date, (S)-(+)-carvone is commercial-
ly marketed (Talent™) in some European countries (GOMEZ-CAS-
TILLO et al., 2013). However, its production is too costy and its ap-
plication at storage rooms requires special arrangements. Therefore,
the use of pure chemical form of carvone is limited as compared
to conventional sprout suppressants such as CIPC (COLEMAN et al.,
2001). Use of natural forms of these EOs (i.e. seeds, leaves) may
provide an alternative in order to manage sprouting during storage.
Even the active substances of essential oils are less effective than the
pure active agents they will likely to be more readily available and
cheaper. It is also expected that release of active substances from
natural forms will be slower but will have more active substances
present in the used parts of plants (ELSADR and WATERER, 2005).
While the sprout suppression effects of many EOs and their major
compounds have been studied, the effects of these compounds on
the quality of potato tubers have not been clearly defined. Hence
the objective of this study was to determine the effects of CIPC and
caraway seeds on the quality of potato tubers stored for a long time
at low and high temperature conditions.

Materials and methods

It was previously published a study on the effects of caraway seed
applications on sprouting and weight loss of potato tubers (SANLI
et al., 2010). In the current study, it was aimed to investigate the
effects of CIPC and caraway seeds on the quality of potato tubers.
This study is a continuation of the earlier study (SANLI et al., 2010)
with different test and analysis such as tuber quality after the appli-
cations. The two studies are linked and published in two parts.

Plant material and storage condition

Potatoes were grown at the research farms of Suleyman Demirel
Universty and tubers were harvested in October 2008. Selected tu-
bers (100 kg) were kept at 15 °C for one month for the curing period.
At the end of the curing period, tubers were immediately analysed
to determine initial contents for total starch, protein, ascorbic acid,
TSS, RS, and their firmness. Potato tubers were stored under two
different temperature regimes, 8 °C and 15 °C, respectively. The
relative humidity of storage rooms were adjusted to 85 %.
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Caraway seed and CIPC treatments

Caraway seeds were purchased from a local farmer in Turkey and
CIPC (Grostop 300 EC (300 g/L CIPC) was commercially obtained
from Poland. EO content of caraway seeds (4.2 %) was determined
by the Clevenger hydrodistillation method (BRITISH PHARMACO-
POEIA, 1980). Constituents of caraway EO were determined by Gas
Chromatograph-Mass Spectrometry (GC-MS) and it was found that
caraway oil contained approximately 56 % S-(+)-carvone. GC-MS
analysis was performed on Shimadzu 2010 Plus GC-MS equipped
with a Quadrupole (QP-5050) detector. The analysis was performed
under the following conditions: capillary column, CP-Wax 52 CB
(50 m x 0.32 mm, film thickness 0.25 pum); injector and detector
temperature, 240 °C; stove heat program, from 60 °C (10 min. hold)
to 90 °C rising at 4 °C/min., and increasing to 240 °C (11.5 min.
hold) rising at 15 °C/min.; flow speed, 1 psi; detector: 70 eV; ioni-
zation type, EI; carrier gas, helium (20 mL/min.); sample injected
1 pL. Identification of constituents was carried out with the help
of retention times of standard substances by composition of mass
spectra with the data given in the Wiley, NIST Tutor library. The
quantitative analysis was conducted using Gas Chromatography/
Flame Ionization Detector (GC-FID), Shimadzu Model Thermo
Ultra Trace, operating at the same conditions of GC-MS. 50 pL of
the volatile oil was solubilized in 5mL of n-hexane and injected in
to the split mode 1/100.

Treatment doses of caraway seeds were determined by taking into
consideration ratio of commercial S-(+)-carvone application rate
(600 ml per 1000 kg tuber) (HARTMANS et al., 1995) and were
calculated according to EO and S-(+)-carvone content of caraway
seeds. Application rate of CIPC was 20 g/ton tubers (application
rate of Gro-Stop 300 EC was 60 ml/ton tubers), similar to that ap-
plied commercially (HARTMANS et al., 1995). Twenty potato tubers
(~ 4 kg) were placed in a plastic container (10 L) and one of four
doses of whole or ground caraway seeds (0, 50, 100 and 150g/
4 kg tuber) were applied to potato tubers. Whole (W) and ground
(G) caraway seeds were wrapped in cheese cloths and placed on the
top of tubers within each container. Chlorporpham was applied as
a dry powder by dusting. Caraway seed and CIPC treatments were
applied to each container once at the beginning of the experiment
and the lids of containers closed tightly. In order to allow oxygen ex-
change for respiration of tubers, lids were opened every two days for
10 minutes. Tubers were stored for a total of 135 days starting from
November 2008 to March 2009. At the end of the storage period,
firmness and quality changes of tubers were evaluated.

Tuber Quality Evaluation

Total starch content of potato was determined based on AOAC
(1984). Firmness of the tubers was measured with a brand penetro-
meter (PCE-PTR 200, PCE Instruments UK Ltd, United Kingdom,
SE=+0.1kg) equipped with a 0.8 cm wide conical probe (REZAEE
et al., 2011). For the determination of ascorbic acid content, 20 g of

sliced potato sample was homogenized in the presence of 6 % HPO;
in a mixer for 5 min at 4000 rpm. The extract was filtered under
vacuum with a Whatman filter paper and volume was adjusted to
100 ml with 6% HPO;. Ascorbic acid content of the samples (mg/
100 g FW) were determined by titration method and 2,6-dichloro-
phenolindolphenol solution used as colouring agent (AOAC, 1984).
For the determination of protein content, samples were ground and
2 g was used. The amount of N in each sample was determined
using the Kjeldahl method and the protein content (%) was calcu-
lated by multiplying the N amount of each sample by 6.25 (BRAD-
FORD, 1976). Total soluble sugars and reducing sugar contents of the
samples were determined with phenol sulphuric acid assay (DUBOIS
et al., 1956) and Nelson-Somogyi method (SOMOGYI, 1952). Results
were expressed as mg/100 g FW.

All analyses were performed in triplicate. Data were subjected to
analysis of variance (ANOVA) procedure with SAS (2009) statis-
tical program (INC SAS/STAT user’s guide release 7.0, Cary, NC,
USA). Means were compared using Duncan’s multiple range test.

Results and discussion

Total starch content

Total starch content of tubers decreased significantly (P<0.01) du-
ring the storage and the decrease in starch content of tubers was
higher at 15 °C storage. Average total starch content of tubers was
13.7% and 12.9% for 8 °C and 15 °C storage conditions, respec-
tively (Tab. 2). Ground caraway and CIPC treatments yielded higher
starch contents at both storage temperatures than the control treat-
ment, and no significant difference was detected between the control
and whole caraway treatments for starch content (Tab. 1). Ground
caraway treatments yielded higher starch content at both storage
temperatures than the whole caraway treatments, but the starch con-
tents did not differ significantly between the doses for both ground
and whole caraway treatments. The tuber starch content treated with
ground caraway and stored at 8 °C was similar to the starch content
of CIPC treated tubers whereas the starch content of tubers stored
at 15 °C was higher than that of CIPC treated tubers. Ground cara-
way treatments were effective in preserving starch content at both
storage temperatures while starch content loss was more pronoun-
ced at 15 °C storage than that at 8 °C storage conditions (Tab. 2).
Storage temperature is an important factor to minimize postharvest
losses during the storage of potato tubers. Sugars used as substrates
for respiration are produced from the starch hydrolysis. The respi-
ration rates of potato tubers have been reported to be minimum at
4 °C, and increase at higher temperatures (WUSTMAN and STRUIC,
2007). Lower storage temperatures (4 °C and 8 °C) tended to be
more effective in reduction of starch hydrolysis of the potato tubers
as compared to higher temperatures (12 °C and 25 °C). Higher tem-
peratures increase metabolism, respiration and physiological aging
of potato tubers, resulting in the observed earlier sprouting and hig-
her carbohydrate consumption (WILTSHIRE and COBB, 1996). Loss

Tab. 1: Analysis of variance (ANOVA) results for the examined parameters in the experiment (F values).

Sources of Variation TS (%) F(N) Vit. C (mg/100 g) PC (%) TSS (%) RS (mg/100 g FW)
Storage Temperature (S) 91.3%* 48.2%* 384.9%* 133.6%* 91.6%* 724.3%*
Treatments (T) 24 8%* 32.0%%* 179.7%* 31.9%%* 41.3%* 92.7%%

S x T interaction 4.2%% 1.3 7.0%* 3.0% 7.3%* 28.3%%*
Coefficient of variation (%) 2.1 2.8 2.3 4.6 52

*: P<0.05 ** P<0.01

TS (%): Total starch content, F (N): Firmness, Vit. C (mg/100 g FW): Vitamin C content, PC (%): Protein content, TSS (%): Total soluble sugar content, RS

(mg/100 g FW): Reducing sugar content.
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of dormancy results in sprouting which in turn causes tuber dehy-
dration and weight losses by increased respiration and transpiration.
SEDLOKOVA et al. (2003) reported that carvone concentration was
higher in ground caraway than whole caraway seeds. Caraway and
CIPC treated tubers stayed dormant for a period longer than the
control tubers which explains the higher starch content observed in
those treatments than the control. Ground caraway treatments gave
higher starch content than whole caraway seed treatments at both
storage conditions which could be explained by the higher carvone
concentrations released by grounded seeds. It was also observed that
humidity caused by respiration of tubers during storage was absor-
bed by whole caraway seeds and caused seeds to deteriorate during
storage, an effect detrimental to stored tubers. While, caraway seeds
deteriorate was not observed in ground caraway applications.

Firmness

Firmness of tubers decreased significantly during the storage. Over-
all the firmness of tubers stored at 8 °C and 15 °C was 81.3 N and
77.2 N; respectively (Tab. 2). Caraway and CIPC applications re-
duced firmness loss as compared to the control at both storage con-
ditions in the experiment. At 8 °C storage, no significant differences
were detected for firmness between all doses of ground caraway, a
dose of 150 g whole caraway and CIPC treatments. At 15 °C sto-
rage, the ground caraway and CIPC treatments gave better results
for preserving firmness of tubers than the whole caraway treatments.
At both storage conditions, the lowest firmness was observed in the
control tubers (Tab. 2). Firmness of potatoes is related to turgidity,
and the best way to preserve firmness is to restrict water loss of
tubers during storage. Firmness of tubers usually decrease steadily
during storage and the loss of firmness is more pronounced over
12 °C storage conditions (KAUR et al., 2008). High storage tempe-
ratures caused softening and irregularities of tuber surface due to
water and solid matter loss, and these changes in turn reduced ap-
pearance, quality and marketability of tubers. NOURIAN et al. (2003)
reported that the tubers stored at low storage temperatures generally
have better quality and marketability due to firmness and overall
appeal of tubers. On the other hand AFEK et al. (2000) showed that
tubers stored at 10 °C and high (94-98 %) and low (82-84 %) rela-
tive humidity had 74 N and 63 N firmness. In addition to water loss
and infections during the storage cause softening of tubers during
storage. In a pervious study (SANLI et al., 2010), sprouting rate was

found to be lower at both storage conditions for ground caraway
treatments. Consequently, firmness was higher for ground caraway
treatments at both storage conditions. Treatments that reduce water
loss and preserve solid matter content will have higher firmness as
evidenced in the present study.

Vitamin C content

During the storage, vitamin C content of tubers decreased signifi-
cantly (P<0.01). The reduction in vitamin C content of tubers was
16.3% and 11.8 % at 8 °C and 15 °C storage conditions, respecitvely
(Tab. 1). At 8 °C significant differences were not observed between
ground and whole caraway and CIPC treatments. At 15 °C ground
caraway and CIPC treatments had higher vitamin C content as com-
pared to whole caraway treatments (Tab. 2). At both storage con-
ditions, there was no difference between different doses of ground
and whole caraway treatments (Tab. 2). Vitamin C is lost during
the storage and processing due to oxidation EMESE and NAGYMATE
(2008). Vitamin C loss depends on storage time and storage tempe-
rature, and it was reported to change between 35 and 60 % (MONDY
and MUNSHI, 1993; NOURIAN et al., 2003). Vitamin C metabolism is
closely related to carbohydrate metabolism in plants. Storage tem-
peratures and treatments that reduce sprouting and maintaining dry
matter content could help reduce vitamin C losses during storage.
Different sprout inhibitors such as caraway and dill extracts and
CIPC reduce vitamin C loses during storage (SANLI, 2012).

Protein content

Protein content of potatoes decreased significantly during the sto-
rage (P<0.01). Storage temperature was also found to be an impor-
tant factor for protein content of tubers during the storage (P<0.01).
Tubers stored at 8 °C had lower protein content (1.71 %) than those
tubers (1.84 %) stored at 15 °C (Tab. 2). Control tubers had the low-
est protein content at both 8 °C (1.59 %) and 15 °C (1.76 %) storage
temperatures (Tab. 2). At 8 °C storage, ground caraway and CIPC
treated tubers had higher protein content than control, however at
the same storage temperature, there was no significant difference
between whole caraway treated tubers and the control. Significant
differences were not detected between CIPC and 50 g and 100 g
ground caraway treatments for protein content, but the protein con-
tent of 150 g ground caraway treatment was found to be higher than

Tab. 2: Comparison of means of total starch content (TS), firmness (F) and vitamin C of potato tubers with caraway seed and CIPC applications at 8 °C and

15 °C temperature.

TS (%) F(N) Vit. C (mg/100 g FW)
Treatments/ S o o o o N
Doses (g) Temperature 8°C 15°C 8 °C 15°C 8°C 15°C
Initial 14.320.202 86.3+1.5% 26.1£1.52
50 13.9+0.332b¢ 13.5+0.202bcd 83.0+2.62b¢ 79.7+2 59t 16.1+0.7° 11.70.9+¢
Ground 100 13.8+0.202b¢ 13402654 83.7+2.5% 81.3x] 5bcde 15.5+0.8b¢ 11.51.5+¢
Caraway 8=0. 420. 2. 3+l 520. 51.5+
150 13.9+0.20%0 13.7+0.412b¢ 86.0+3 .02 82.0x1.7bd 15.8+0.6%¢ 11.50.8+°
50 13.420.47b<d 12.3+0.13¢f 78.0+1.7def 72.0£1.0¢ 14.6x1 0bed 8.9+0.5
Whol
c o 100 13 .420.40b<d 1240 .23¢f 79.0+3 .64 74.3+2.3¢8 14.620.9b<d 8.8+0.2f
araway
150 13 .420.37b<d 12.240.10¢f 80.71.54bed 75.3+1 .54t 14.8+0.4bcd 8.9+0.2f
CIPC 13.8+0.282b¢ 12.9+0.29% 82.3+2 38be 773x2.1F 15.8+0.7b%¢ 10.4+0 4¢
Control 13.1+0.38<¢ 11.8+0.16" 73.0+2.00 66.0+3.0" 13.420.7¢ 8.5+0.31
Mean' 13.72 12.9° 81.32 77.2> 16.3 11.8°

Mean values with different superscript letters in the same column differ significantly according to Duncan’s test (P< 0.05). Values are means + SD (n = 3).
I: indicates the sum of storage temperature.
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that of CIPC treatment at 8 °C storage. The protein contents of CIPC
(1.88%) and 150 g ground caraway (1.89%) treated tubers were
higher than those of whole caraway treated tubers at 15 °C storage
(Tab. 2). At the same storage conditions, ground caraway (50, 100 g)
treatments and whole caraway treatments gave similar results for
protein content. At both storage conditions, the protein contents of
control and whole caraway applied tubers did not differ from each
other significantly (Tab. 2). Similarly, PINTO et al. (1993) reported
a decrease in the protein content of potato tubers at high storage
temperatures due to the increases in the activities of protease and
amylase enzymes. During dormancy both proteinase activity and
free amino acids levels are at the minimum level. However, after
breaking of dormancy proteinase activity increases and the mobili-
zations of nitrogen reserves increase within tubers (NOWAK, 1977).
Dormancy was broken down at the earlier stages of storage in the
control and whole caraway applied tubers which in turn leaded to
an increase in proteinase acitivity but a decrease in protein content
observed in those treatments. Since the increase in sprout weight at
higher temperature (SANLI et al., 2010), indicated a higher available
protein content at this temperature that was ultimately used during
sprout growth. An increase in free amino acid content commonly
occurred during the latter part of storage, caused by an upturn of
proteinase activity on the break of dormancy.

Total soluble sugars

Total soluble sugar content of tubers increased depending on the
storage temperature (P<0.01). The tubers stored at 8§ °C had 1.53%
TSS while the tubers stored at 15 °C had 1.72 TSS (Tab. 3). At both
storage temperatures the highest TSS value was observed in control
tubers. The TSS contents of ground caraway applied tubers at both
temperatures did not differ significantly from each other however
their TSS contents were lower than those of the tubers treated with
whole caraway at both storage conditions (Tab. 3). While CIPC
treated tubers stored at 8 °C had similar TSS content to ground
caraway treated tubers, CIPC treated tubers had higher TSS content
at 15 °C storage. The TSS contents of the control and whole caraway
apllied tubers had higher TSS contents at 15 °C (Tab. 3). Respira-
tion during the storage period causes breakdown of starch leading to
increased TSS content of the tubers (MATSURA-ENDO et al., 2004).

Storage temperature and duration affect TSS content of potato tu-
bers (KARIM et al., 2008). Sprouting appeared earlier in the control
and whole caraway treated tubers and consequently the control and
whole caraway applied tubers had higher TSS contents as compared
to CIPC and ground caraway applied tubers in the present study.
Energy requirement of sprouting is mainly supplied by the hydro-
lysis of glucose and sucrose which in turn increase TSS content.
RAZEE et al. (2011) reported that radiation of tubers stored for 5
months delayed sprouting as compared to non radiated tubers and
leaded to reduced TSS content as compared to the control treat-
ment.

Reducing sugars

The effect of storage temperature on reducing sugars content was
significant (P<0.01). Initial reducing sugars content of tubers was
188 mg/100 g FW at the beginning of the experiment and at the
end of the experiment final concentration of reducing sugars were
300 and 205 mg/100 g FW for 8 °C and 15 °C storage; respectively
(Tab. 3). While reducing sugars content increased in tubers stored
at 8 °C during storage for all treatments, the changes in reducing
sugars content of tubers were depended on treatments at 15 °C sto-
rage. At both storage temperatures the lowest amount of reducing
sugars was observed from the control tubers. Ground (50, 100,
150 g) and whole (150 g) caraway treatments did not differ from
each other for reducing sugars content and they had the highest level
of sugars observed in the experiment at 8 °C (Tab. 3). Ground cara-
way treatment had higher amount of reducing sugars than whole
caraway treatment at 15 °C storage. Chlorporpham treated tubers
had lower reducing sugars than caraway treated tubers at 8 °C
whereas CIPC treatment did not affect reducing sugars content
15 °C storage (Tab. 2). Reducing sugars contents of tubers generally
increase during the storage (MATSUURA-ENDO et al., 2004; REZAEE
et al., 2011). During storage, reserve starch accumulated in tubers
are converted to sucrose, glucose and fructose to produce energy
which in turn increases the level of reducing sugars content of tu-
bers. Under low storage temperatures, starch is converted to sucrose
by UDP-Glucose Pyrophosphorylase and sucrose phosphate syntha-
se enzymes and sucrose is converted to reducing sugars by acid
invertases (ZRENNER et al., 1996) and it is called low temperature

Tab. 3: Comparison of means of protein content (PC), total soluble sugar (TSS) and reducing sugar (RS) of potato tubers with caraway seed and CIPC appli-

cations at 8 °C and 15 °C temprature.

PC (%) TSS (%) RS (mg/100 g FW)
Treatments/ o o o 0 0 0
Doses (g) Temperature 8°C 15°C 8°C 15°C 8 °C 15°C
Initial 1.99+0.05% 1.38+0.08" 188+9.5"
50 1.75+0.05¢f¢ 1.85+0.03bed 1.4620.08¢" 1.5120.04¢feh 347+20.6* 281x14 .44
Giround 100 1.73+0.02f¢h 1.8420.04b<d 1.46+0.07¢h 1.53+0.07¢feh 335+14 02be 275+20.04
Caraway T T T T - T
150 1.78+0.034%f 1.89+0.05° 1.45+0.09¢h 1.52+0.06¢f¢h 343+9.13b 294+11 .44
50 1.62+0.02Y 1.79+0.04def 1.610.08¢f 1.91+0.06° 316+11.0¢ 166+7.6f2
Whole 100 1.63+0.06Y 1.78+0.04def 1.6320.06%f 1.88+0.05P 323+12.9b¢ 162+5 3¢
Caraway oo e o O - -
150 1.66+0.06M 1.81+0.05¢de 1.5420.13¢'¢ 1.84+0.03b¢ 329+13.02bc 169+11 4fe
CIPC 1.68+0.018N 1.88+0.085 1.49+0.08'¢h 1.65+0.074¢ 274+19.44 185+15.0f
Control 1.59+0.02i 1.7620.02¢f 1.75+0.09¢4 2.27+0.092 243+8.1¢ 121%9.1h
Meanl 1.71b 1.84% 1.532 1.72b 3002 205°
Ccv 23 46 5.1

Mean values with different superscript letters in the same column differ significantly according to Duncan’s test (P< 0.05). Values are means + SD (n = 3).
I indicates the sum of storage temperature.
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sweetening of tubers. At high storage temperatures, the increased
level of respiration leads to the breakdown of fructose and glucose,
which are used to produce necessary energy for sprout development,
and reducing sugars levels are decreased (REZAEE et al., 2011).
At the present study, reducing sugar levels of tubers were lower at
15 °C than that of the tubers stored at 8 °C. Dormancy breakdown
and sprout development of tubers start earlier at 15 °C which ex-
plains lower levels of reducing sugars of tubers stored at higher tem-
perature.

Conclusion

In the present study, the effects of sprouting inhibitor CIPC and
caraway applications, a natural source of carvone, on the quality
of tubers were studied using the tubers stored at different tempera-
tures. At low storage temperature, the examined quality parame-
ters were better with the exception of RS which negatively affects
chips qaulity. Ground caraway applications were more effective than
the whole caraway applications overall, but the effects of caraway
doses on the quality parameters were all similar. At low tempera-
ture condition, the effects of CIPC and ground caraway applications
on quality parameters were similar, but at the higher storage tem-
perature ground caraway applications yielded better results as com-
pared to CIPC application. Reducing sugar levels of ground cara-
way applications were high yet their levels were within acceptable
levels for chips production (300-400 mg/100 g FW) (DUPLESSIS
etal., 1996). At the end of the study, it was concluded that the ground
caraway applications prevented quality losses of the tubers at high
temperature storage conditions. There is no literature for the ef-
fects of caraway seed treatments on tuber taste and scent. In a study
that we have done before, the tubers treated with caraway essential
oil showed low carvone residue levels (1 ppm in peeled tubers and
4 ppm in peelings), as compared to those of S-(+)-carvone and CIPC
applied tubers (SANLI, 2012). In addition, no carvone residues at 15-
20 days after storage were found at the same study. Therefore, it is
believed the tubers treated with caraway seed could not be showed
a significant change in terms of flavor and taste. Due to the fact
that the carvone has a low human toxicity level (KERSTHOLT et al.,
1997) and has Generally Recognized As Safe (GRAS) status (HALL
and OSER, 1965), the use of ground caraway show promise as a re-
placement to CIPC in prevent quality losses of tubers at high storage
temperatures.
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