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Abstract

Several methods have been suggested as effective for inhibition of sprouting of potato tubers during storage. Three methods;
v-irradiation, volatile oils and iodine vapor were used for the inhibition of potato tuber cv. ‘Diamond. Gamma irradiation, essential
oils (caraway, clove, carvone, cugenol) and lodine vapor were used to achieve the purpose. The results proved that y-irradiation and
essential oils maintain potato as well as inhibit sprouting for 9 weeks while iodine vapor maintain potato for six weeks. Alpha amylase
activity showed an increase after six weeks and then reduced to lower value compared to control. During the metabolic pathway the
concentration of lactate was decreased and reached to the level of control when potato tuber treated even with essential oils, radiation
as well as with iodine vapor. The levels of NADP and NADPH+H were decreased during potato storage proving that synthesis of this

metabolite were very low. The level of glycoalkaloids was fluctuated during storage depending on the treatments.
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Introduction

Potato (Solanum tuberosum L.) is the world’s most im-
portant non-grain food crop and is central to global food
security (Xun e al, 2011). The tuber is usually dormant
upon harvest, which means that the bud meristems are in
an arrested state and visible bud sprout growth (sprouting)
thereby blocked. Potato tuber dormancy is associated with
down-regulated cell cycle genes and increased ABA con-
tents in the bud meristems when compared with the non-
dormant state (Campbell ez 4/, 2010; Destefano-Beltran ez
al., 2006 a, b). Potato tubers could be stored in controlled
or rudimentary conditions such as both temperature and
humidity or either one of them could be controlled where-
as under rudimentary conditions, such as store rooms of
small farmers or houses; control of humidity and tempera-
ture could not be achieved. Respiration of tubers during
storage and breakdown of dormancy during storage result
in sprouting and loss of nutritive value of tubers (Suhag ez
al., 2006). Sprouting reduces the weight, the nutritional
and processing quality of tubers and the number of market-
able potatoes, being responsible for important economic
losses during potatoes storage (Delaplace ez al., 2008 a, b).
These physiological changes affect the internal composi-
tion of the tuber and destruction of edible material and
changes in nutritional quality (De Carvalho and Fonseca,
2006). Nowadays it’s very important to use natural prod-
ucts compounds such as essential oils as well as the pure

compound derived from essential oils or alcoholic extracts
(Afify er al., 2011 a; b, 2012 a; Ali ez al,, 2011). On the
same time it’s not advisable to use pesticides because of its
bad impact to the health of consumer (Afify ez al., 2010;
Afify and El-Beltagi, 2011). Naturally occurring com-
pounds could be used as anti-sprouting agents in potatoes,
based on the common idea that natural products are less
harmful to the environment than chemical products. Car-
vone was obtained from the essential oil of caraway seed
(Cuntm carvi L.) such as caraway is one of several ancient
cultivated species of the Umbelliferue. R-carvone inhib-
its sprouting by causing cell membrane damage mainly at
the meristem tips of the tuber buds (Teper-Bamnolker ez
al., 2010). Irradiation is a physical process that could be
applied to harvested fruits to eliminate microorganisms,
insects and plagues as well as delay ripening or spoilage, in
turn lengthening its shelf life (Afify ez al, 2011 c; Aly and
El-Beltagi, 2010). The radiation dose of 150 Gy was the
most effective dose that gave the lower percentage of rot-
ting and completely inhibition sprouting during storage
(Afify ez al., 2012 b). The dose of 150 Gy exerts the best re-
sults in the biochemical changes during storage by induc-
ing cytological, genetical, biochemical, physiological and
morphogenetic changes in cells and tissue (Ahmed, 2004;
Gunckel and Sparrow, 1961). Also, it has been shown to
enhance the production of reactive oxygen species (ROS)
in a variety of cells resulting oxidative stress (Alaoui ¢z 4L,
1992). Recent evidence suggests that reactive oxygen spe-
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cies play an important role in the action of ionizing radia-
tion (Xienia ez 4/, 2000). ROS are the byproducts of many
degenerative reactions in crop plants, which will affect the
regular metabolism by damaging the cellular components
(Foyer and Noctor, 2002). Extensive study on oxidative
stress has demonstrated that exposure of plants to adverse
environmental conditions induces the over production of
reactive oxygen species (ROS), such as superoxide radical
(0,7),H,0, and hydroxyl radical (HO) in plant cells (Afi-
fyetal,2011d,2012 c; Wise and Naylor, 1987). They are
believed to be the major contributing factors to stress inju-
ries and to cause rapid cellular damage, particularly when
plants are exposed to stress conditions such as salt, Fe de-
ficiency, drought, Cadmium stress, lead toxicity, roasting,
ionizing radiation, nematode infection, organisms and
micro-organisms (El-Beltagi, 2011; El-Beltagi ez 4/., 2008;
2010; 2011 a, b; 2012; El-Beltagi and Mohamed, 2010;
Ibrahim ez al., 2011; Kesba and El-Beltagi, 2012; Kobeasy
et al., 2011; Mohamed ez al., 2009; Salama ez al., 2009;
Shehab ez 4/, 2010).

Amylase is a carbohydrate splitting enzyme, which hy-
drolyzes starch to yield monomeric carbohydrates. Several
authors reported that, activities of amylase were found to
be increased from harvesting to cold stored conditions
in different variety of potatoes (Karim ez al., 2008). The
NADH concentrations demonstrated seasonal variations,
and mean levels were not significantly different between
cold-tolerant and cold-sensitive tubers in three of potato
varieties (Blenkinsop ez al, 2003). Given that NADH
is formed and oxidized at various stages of the respira-
tion process, overall changes in the levels of NADH may
not necessarily reflect a specific event, but rather general
changes in metabolism. Glycoalkaloids are normal con-
stituents of conventional potato varieties and contribute
in small amounts to the typical potato flavour. Higher
amounts make the potato taste bitter and might cause dis-
comfort or illness (Knuthsen ez /., 2009). The amount of
glycoalkaloids depends on various factors, such as potato
cultivar, soil and weather conditions during growing sea-
son, fertilizer use, potato maturity at harvest time, tuber
sizes, mechanical damage, storage conditions and access to
light (Machado ez al., 2007; Tajner-Czopek ez al., 2006).
Glycoalkaloids in potato leaves provide natural protection
against pests. Glycoalkaloids; solanine and chaconine were
detected in potato tubers with an acceptable level (under
20 mg/100 g of FW) in the cv. ‘Satu, whereas concentra-
tion in cv. ‘Sini” was 23 mg/100 g FW (Vaananen, 2007).
The irradiation of tubers, bulbs, and rhizomes, prevents
sprouting but this effect is irreversible (Molins, 2001).

The aim of the present investigation is to study the ef-
fect of two essential oils and its main components (Cara-
way, Carvone, Clove and Eugenol), iodine vapor and gam-
ma irradiation for inhibiting sprouting of potato tubers
(Solanum tuberosum L.) cv. ‘Diamond’ during storage and
extending its shelf life. As well as to determine the changes
in metabolic pathway in ¢-amylase activity, lactate, NADP,

NADPH and solanine levels of potato tubers during stor-
age period.

Materials and methods

Potato tubers (Solanum tuberosum L. ssp. tuberosum)
cv. ‘Diamond’ of a uniform size (60-65 mm) was obtained
at harvest time from the farm of faculty of Agriculture
Cairo University. They were washed and allowed to dry at
room temperature then divided to groups according to the
different treatments.

Sprout inhibitor treatments

The essential oils treatments

Twenty potato tubers were put into air tight stored
boxes (32.5 x 32.5 x 39.5 ¢m), 20 per cage and were kept in
dark conditions. The essential oil (Caraway and Carvone)
was placed in a beaker, inside boxes quantities of 10.4 pl,
20.8 ul and 31.25 ul corresponding to 100 ppm, 200 ppm
and 300 ppm of vapor, respectively. Clove and eugenol
were placed in a beaker, inside the cage in quantities of
9.4 ul, 18.9 pl and 28.3 yl corresponding to 100 ppm, 200
ppm and 300 ppm of vapor, respectively. Throughout the
experimental period, the temperature in the dark boxes,
varied from 27°C to 36.5°C. The application of the essen-
tial oil treatment was based on the technique of Sorce ez 4/.
(1997) and Klinge and Palomino (2010).

Iodine treatments

Twenty potato tubers were put into air tight wooden
cages 32.5 cm x 32.5 cm x 39.5 cm, 20 per cage and were
kept in dark conditions. The iodine was placed in a beaker,
inside the cage in quantities of 0.39, 0.78, 1.56 and 3.129
g corresponding to 9.375, 18.75, 37.5 and 75 g/m?, respec-
tively. Throughout the experimental period, the tempera-
ture in the dark cages, were potatoes were stored, varied

from 27°C to 36.5°C (Pifferi, 2001).

Irradiation treatments

Potato tubers cv. ‘Diamond’ packed in polyethylene
high density bags and irradiated at different dose levels of
y-irradiation (0.0, 30, 50, 100 and 200 Gy) at room tem-
perature (25 + 1°C). y-Irradiation was performed using
a Gamma cell 200 apparatus equipped with a Cobalt 60
source (dose rate, 6.5 kGy/h) at the National Center for Ir-
radiation Research and Technology, Cairo, Egypt. Packed
tubers samples without irradiation served as the control
(Blessington ez al., 2007).

Chemical analysis

o amylase determination

Amylase was determined using Biodiagnostic Kit. The
test is based on the hydrolysis of starch by amylase and the
blue-black complex that forms when iodine reacts with
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starch. The amount of starch which remained at the end
of incubation period. The amylase activity is measured by
the difference in absorbance of the starch-iodine complex
in which is there is no hydrolysis «- amylase was deter-
mined using Biodiagnostic Kit. ¢-amylase was expressed

as (U/100 g tuber fw.).

Lactate determination

Lactate was determined using Greiner kit Diagnostic
GmbH (Kaplan ez al., 1998) and expressed as (umol/g tu-
ber fw.).

Determination of NADP and NADPH

NADP*/NADPH was determined using Bio As-
say Systems EnzyChrom™ NADP*/NADPH Assay Kit
(ECNP-100) NADP and NADPH were expressed as
(mmol/g tuber fw.) (Zhao ez al., 1987).

Total gycoalkaloids determination

Preparation of potato extracts

Potato extract was prepared by blending 50 g tuber
tissue with a 100 ml of 5% TCA in 75% methanol and
centrifuged at 5000 rpm for 30 min. The supernatant was
separated and used for determination.

Procedure

One ml of potato extract and 4 ml of antimony trichlo-
ride reagent were mixed in a test tube. The absorbance at
500 nm was determined 15 min after mixing (Smittle,
1971). blank and a complete set of standards containing
1, 5, 10, 15 and 20 mg of solanine per 100 ml of 5% ace-
tic acid were run with each batch of antimony trichloride
reagent. Total glycoalkaloid content was expressed as pg/g
tuber EW.

Statistical analysis

All analysis were performed in triplicate (n=3). Statis-
tical analysis was done using SPSS (version 10) program.
Mean and standard error were descriptive measures of
quantitative data using the analysis of variance test (ANO-
VA) for independent samples. p-values <0.05 were consid-
ered significant.

Result and discussion

a-Amylase activity

Data presented in Tab. 1 revealed that a-amylase activ-
ity decreased compared to control all over treatments such
as caraway 100 ppm , 183.7(U/100 g EW.) and 89.6 after
3 and 9* week respectively. While the activity of a-amylase
after 9" week with concentration of 200 and 300 ppm rep-
resents 98 and 90.8 respectively. Activity of amylase after
gamma radiation was inhibited and the activity of enzyme
was reached maximum decrease 177.0 with 200 Gy after
9 weeks. This is logic due to sprouting inhibition effect of
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radiation. The only difference was in iodine treatment in
which is been found an increase in amylase activity with
226.4, 347.13 and 224.4 corresponding to 18.75 g/m’,
37.5 g/m® and 75 g/m? respectively. Is been notice that
iodine treatment inhibit sprouting only for 6 weeks and
it could be extended to more weeks if we could maintain
iodine vapor saturation to their corresponding concentra-
tion. Irradiation at higher doses (5-6 kGy) caused the amy-
lase content to exhibit a decreasing trend. When amylase
activity was compared between the control (non-irradiat-
ed) seed samples, maximum activity was noted in C. a7i-
etinum, while ‘Shankar’ cultivars showed the least (Maity
et al., 2009). However, variation of such activity was noted
to be maximally pronounced in the case of ‘Shankar’ as a
function of radiation exposure. In C. arietinum, the maxi-
mum activity of amylase (48%) was observed when ex-
posed to an absorbed dose of 3 kGy, whereas all other seed
types showed maximum amylase activity at 4 kGy. While,
noticed increase in a-amylases in the sub-eye tissue after
the start of sprouting (Biemelt ez al., 2000). Thus, there is
no clear-cut evidence for an increase in starch-degrading
enzymes around the time of tuber sprouting. On the oth-
er hand, a-amylases and starch phosphorylase increased
rapidly at the time of sprouting and new isoenzymes of
a-amylases also have been identified during sprouting
(Panneerselvam et al., 2007). Germination also increases
the activities of the enzymes a-amylase and various pro-
teases which result in the degradation of both starch and
protein, as well as a loss of total dry matter (Kochler ez 4L,
2007). Different concentrations of eugenol may inhibit
the production of amylase and also previous studies found
that there’s no significant correlation was detected between
barley ¢-amylase activity and germination percentage (Lin
et al., 2008; Silva and Fernandes, 2010). In addition, GA-
induced dormancy release is associated with tissue specific
regulation of « and B-amylases (Rentzsch ez al., 2012).
Carvone interacts with the GA-mediated accumulation
of a-amylase transcripts. Low Carvone concentrations
enhance the accumulation of a-amylase transcripts type
2, but do not affect the a-amylase-type 1 transcripts. Low
Carvone concentrations also enhance the accumulation
of & and -amylase enzyme activity in sprouts, but not in
‘sub-eye’ tissues. In contrast, high Carvone concentrations
have no appreciable effect in sprouts on the enzyme ac-
tivities and the a-amylase transcript abundances of either
group. Essential oils such as monoterpenes therefore may
have specific targets for their bioactive interaction with
biochemical components in the cell (Afify ez al., 2012 a).

Lactate

The data in Tab. 2 proved that treatments with essential
oils inhibit sprouting for six to nine weeks by maintaining
the concentration of the lactate in lower concentration in
the range of control or lower. Most of the values got lower
than control, like caraway 100 ppm (lactate) 8.8 after 3
weceks were observed, compared to Control with concen-
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Storage time ( weeks)

Treatments Zero 3 6 9
a-amylase activity (U/100 g EW.)
Caraway (ppm)
Control 217.03+2.31 - - -
100 - 183.7+1.37* 573.9+2.40° 89.6£0.45"
200 - 128.3+0.61¢ 142.8+1.12" 98.0+£0.53¢
300 - 72.67+0.53° 179.1+1.41¢ 90.8+0.63"
Carvone (ppm)
100 - 134.9+1.26¢ 357.8+1.78° 88.47+0.76"
200 - 147.5+1.41¢ 117.241.134 63.37+0.59'
300 - 155.24+0.85° 125.940.56 97.07+1.158
Clove (ppm)
100 - 68.0+0.20° 143.9+1.13" 44.3+0.38"
200 - 122+0.49¢ 80.92+1.35™ 62.6+0.56'
300 - 66.0+0.517 260.4+1.71¢ 53.3+0.44
Eugenol (ppm)
100 - 115.3+0.52" 206.7+1.11° 187.4+1.40¢
200 - 86.6+1.19' 62.43+0.78" 170.4+0.95¢
300 - 94.9+0.35* 63.2+1.03" 152.8+1.41°
lodine (g/m?)
9.375 - 44.35+0.661 112.4+0.75! -
18.75 - 67.32+1.05° 226.4+1.26°
37.5 - 44.93+1.339 347.13+1.32¢ -
75 - 100.8+0.61 224.4+1.15¢ -
Gamma irradiation (Gy)
10 - 111.7+0.85' 120.4+1.08* -
30 - 78.0£0.58" 134.9+1.31' -
50 - 81.0+£0.35™ 80.43+1.32™ 197.2+2.15°
100 - 66.0+1.51r 224.7+1.49¢ 191.4+1.79°
200 - 78.0+1.11" 205.37+0.78f 177.0+ 0.81¢
LSD at 0.05 - 2.50 1.63 1.05

Each valuc is expressed as mean+SE. Data with different superscript letters were significantly different (p < 0.05)

tration 17.0. Treatments of potato tuber with high con-
centration of essential oil and its pure compounds (300
ppm) gave the high concentration of lactate and repre-
sents (Caraway 34.34, Carvone 41.4, Clove 31.5, Eugenol
28.34) respectively. On the other hand concentration low-
er than 300 ppm increase the level of lactate (200 pmm)
or decrease the concentration to reach the concentration
of control or lower. Lactate value increased after treatment
with essential oils pure clove and reached 27.9, 26.9 and
31.5 corresponding to 100, 200 and 300 ppm respectively
which maintain potato tuber during storage.

Iodine vapor treatment gave low values of lactate with
concentration 13.81, 18.7 and 19.1 corresponding to
9.375 g/m’, 18.75 g/m? and 37.5 g/m? saturation respec-
tively. Treatment with iodine vapor (75 g/m?) showed that
lactate increased to 68.1 on the 3* week and 95.0 on the
6™ week and could not save potato from sprouting until
the week 9.

Treatment with gamma radiation ranged from 10 to
200 Gy showed that the level of lactate was inhibited in

all potato tuber treated with gamma radiation except the
dose 100 Gy increased the level of lactate after three weeks
(34.4) and the level was decreased to the maximum mini-
mum level after 9 weeks (9.6) with 50 Gy.

Products of anacrobic metabolism, such as lactate,
acetaldehyde and ethanol, are not considered as normal
products of plant metabolism under aerobic conditions,
and their presence suggests a substantial alteration of re-
spiratory metabolism. The alteration in respiratory metab-
olism as a result of potato tuber treatment with essential
oils, iodine vapor as well as radiation will be involved in
inhibition of respiration and sprouting activity at buds
(Afify e al,, 2012 d). Previous studies found that, con-
centrations of lactate in cold-tolerant and cold-sensitive
tubers did not show a significant changes over-all increase
or decrease over the duration of storage in any of the four
years of studied (Blenkinsop ez 4/, 2003). The anaerobic
respiratory enzymes including L-lactate dehydrogenase
contribute to Low-temperature tolerance (Pinhero ¢ 4L,

2007).



Afify A.E.-M.M.R. et al. / Not Bot Horti Agrobo, 2012, 40(2):129-139

133

Tab. 2. Levels of lactate (umol/g fw.) in stored potato tubers treated with different treatments

Storage time ( weeks)

Treatments Zero 3 6 9
Lactate (umol/g f:w.)
Caraway (ppm)
Control 17.0£0.27 - - -
100 - 8.8+0.24* 4.6+0.20" 4.13+1.13¢
200 - 10.8+0.27" 16.7+0.42f 31.0+0.56¢
300 - 6.3+0.14™ 18.6+0.26¢ 34.34+0.27°
Carvone (ppm)
100 - 23.2+0.43¢ 5.8£0.21™ 7.16%1.15
200 - 13.3+0.38¢ 7.8+0.14 13.41£0.36F
300 - 11.6+0.31" 12.0+0.16¢ 41.4+1.21°
Clove (ppm)
100 - 5.0+0.16" 3.6+0.19° 27.9+0.27<
200 - 5.7+0.18™ 2.6x0.16° 26.9+0.34¢
300 - 3.4+0.177 5.61+0.94™ 31.5+1.47°
Eugenol (ppm)
100 - 4.2+0.23° 5.8+0.24™ 18.18+0.37¢
200 - 19.9+0.444 8.5+0.23 18.38+0.35¢
300 - 9.8+0.40) 39.3+1.16° 28.34+0.21°
Iodine (g/m?)
9.375 - 13.8+0.39¢ 16.78+1.33¢ -
18.75 - 18.7+0.38¢ 9.70+0.18 -
375 = 19.1+0.47¢ 7.16+0.24" -
75 - 68.1£0.99* 95.0+0.90* -
Gamma irradiation (Gy)
10 - 5.9+0.11™ 9.8+0.24' -
30 - 6.9+0.19' 23.0+0.39¢ =
50 - 15.940.54° 34.8+0.60° 9.6+0.30'
100 - 34.4+1.64° 10.7+0.41" 11.2+0.31"
200 - 8.98+0.26 11.7+0.25¢ 11.8+0.12¢
LSD at 0.05 - 0.25 0.26 0.22

Each value is expressed as mean+SE. Data with different superscript letters were significantly different (p < 0.05)

Total glycoalkaloid

The data in Tab. 3 proved that most of the values got
lower than control, like treatment of clove affect concen-
tration of total glycoalkaloid to give 16.5, 19.4 and 28.2
corresponding to essential oils concentration 100, 200 and
300 ppm, respectively compared to control activity 45.
Moreover total glycoalkaloid value decreased with iodine
treatment 22.0, 8.80 and 12.80 corresponding to 9.375 g/
m’, 18.75 g/m*and 37.5 g/m’ respectively, but increased
with concentration of 75 g/m’ to be around the control
value. Different dose of gamma radiation ranged from 10-
200 Gy inhibit the synthesis of total glycoalkaloid except
dose of 100 Gy which increased the amount of total gyl-
coalkaloid (88.3) after three weeks. The level of total gyl-
coalkaloid after 9 weeks of treatment were much closed to
the control and still lower than the control.

The general decrease in total glycoalkaloids in present
study results could be due to storage conditions in dark
which could be attributed to previous studies findings
about the rule in the case when mother tuber is sprouted

(usually at room temperature) under alternating dark and
light conditions, e.g. 1 week darkness, 1 week indirect
light (Lommen, 2007; Lommen and Struik, 2007). In the
darkness the sprouts elongate and during the light phases,
elongation is suppressed and anthocyanin and glycoalka-
loids can be formed that make the sprouts less susceptible
to attack by diseases after planting. An elevated tempera-
ture (10°C) during long-term storage without sprouting
inhibitors led to an increase in SGA contents (up to 518
mg SGA kg™ dry matter) in two of three investigated cul-
tivars independent of the sprouting level. Cold storage
(4°C) slightly enhanced SGA contents in two cultivars
(Haase, 2010). Sprout control resulted in a tendentious de-
crease in Steroidal glycoalkaloids (SGA) contents in a set
of three cultivars. Potatoes also produce biologically active
secondary metabolites, which may have both adverse and
beneficial effects in the diet. These include glycoalkaloids
(GAs), calystegine alkaloids, protease inhibitors, lectins,
phenolic compounds, and chlorophyll (Afify ez 4/, 2012
a; Friedman, 2006). Glycoalkaloids in potatoes indicated
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Tab. 3. Levels of total glycoalkaloids (ug/g) in stored potato tubers treated with different treatments
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Storage time ( weeks)

Treatments Zero 3 6 9
Total glycoalkaloids (ug/g fw.)
Caraway (ppm)
Control 45.0 £0.46 - - -
100 - 61.1+0.33¢ 18.6+0.15' 25.6+0.35
200 - 18.2+£0.21™ 30.8+£0.218 80.7+1.20
300 - 58.2+0.29F 24.3+0.37 16.5+0.28"
Carvone (ppm)
100 - 95.0+1.48* 27.740.26" 58.7+0.45¢
200 - 36.2+0.44" 38.0+0.44¢ 42.5+0.408
300 - 24.3+0.32¢ 20.2+1.76" 65.7+1.05¢
Clove (ppm)
100 - 16.5+0.15° 22.3+0.32% 28.4+0.26
200 - 19.4+1.40' 24.9+0.15' 23.0+0.20'
300 - 282+223" 30.8+0.168 78.2+0.47¢
Eugenol (ppm)
100 - 28.2+0.34 24.140.25 57.0+0.25¢
200 - 84.7+0.60¢ 4273+0.27¢ 143.3+1.21°
300 - 82.3+0.42¢ 42.13+0.36¢ 42.4+0.318
lodine (g/m?)
9.375 - 22.0+£0.23! 46.5+0.31¢ -
18.75 - 8.8+0.18¢ 55.2+1.40° -
37.5 - 12.8+0.31° 49.0+0.39° =
75 - 44.1+£0.36¢ 54.5+2.15° -
Gamma irradiation (Gy)
10 - 18.8+0.31" 30.6+£0.19¢ -
30 - 20.9+0.25™ 30.6+0.27¢ -
50 - 28.840.26 31.5+0.22f 40.6+0.30"
100 - 88.3+0.59" 27.540.19" 30.6+0.40"
200 - 32.5+0.30¢ 49.5+0.35° 18.0+£0.29™
LSD at 0.05 - 0.34 0.29 29.7

Each value is expressed as mean + SE. Data with different superscripe lecters were significantly different (p < 0.05)

that very few potato samples contained more than 200 mg
TGA/kg (Machado ez al., 2007). However, as levels of gly-
coalkaloids in potato tubers differ between varieties and
are affected by environmental factors during growth, har-
vest and storage. It’s very important to note that amount of
solanine increases in mature tuber while they are greening
and germinating, as well as they is exposed to light.

NADP

It is very important to note that the concentration of
NADP in potato tubers after treatments kept around the
value of control. By looking at clove treatments is been
found that it gave the lower level values on the 9 week of
NADP as 6.8, 19.4 and 16.5 corresponding to 100, 200
and 300 ppm respectively, comparing to 50, 100 and 200
Gy, caraway, carvon and even the eugenol. Clove results
promise a longer shelf life to the potato tuber. The small
doses of gamma radiation 10, 30 and 50 Gy gave very low
values of NADP comparing to control as 12.9, 18.1 and
20.5 respectively. On the other hand the higher doses 100

and 200 Gy gave a close values to control as 33 and 34. o-
dine treatments gave a low values among treatments 15.5,
14.2, 17.7 and 21.5 corresponding to 9.375, 18.75, 37.5
and 75 g/m? but potato sprouted by the end of six week.
The key enzymes, glucose-6-phosphate dehydrogenase
and 6-phosphogluconate dehydrogenase were increased
even before the visible appearance of sprouting and their
activities were at their maximum during sprouting (Pan-
neerselvam ez al., 2007). And that agrees with us, proves
that NADP as a co-factor to these enzymes in pentose
phosphate pathway, didn’t increase in present results be-
cause the treatments led to sprouting inhibition (Firenzuoli
et al., 1968). In higher plants, the OPPP is a major source
of reduction power (NADPH) required for anabolic bio-
syntheses and assimilatory processes in the cytosol, as well
as in plastids, providing key intermediates for the shiki-
mate pathway and nucleic acid biosynthesis (Neuhaus and
Emes, 2000). The maintenance in the dark of a consistent-
ly high rate of pyruvate kinase, phosphoglycerate kinase,
and glyceraldehyde 3-P dehydrogenase NAD dependent
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Tab. 4. Levels of NADP (mmol/g fw.) in stored potato tubers treated with different treatments

Storage time ( weeks)

Treatments Zero 3 6 9
NADP (mmol/g fw.)
Caraway (ppm)
Control 37.8+0.60 - - -
100 - 3.40+0.02° 15.6+0.10? 29.6+0.24°
200 - 29.0+0.14¢ 26.5+0.26 20.8+0.23¢
300 - 31.4+0.22¢ 16.5+0.26" 17.7+0.16°
Carvone (ppm)
100 - 12.6+0.21" 13.1+0.17 8.7+0.16'
200 - 23.3+0.20" 22.6+0.19' 17.1£0.17¢
300 - 24.7+0.418 21.2+0.19* 15.2+0.11°
Clove (ppm)
100 - 29.2+0.19¢ 26.0+0.21° 6.8+0.30¢
200 - 22.9+0.30" 28.0+0.16¢ 19.4+0.22¢
300 - 31.6+0.35¢ 29.6+0.22¢ 16.5+0.17"
Eugenol (ppm)
100 - 24.3+0.298 2240.14/ 13.7+0.1D
200 - 29.8+0.27¢ 27.240.18¢ 12.1+0.03*
300 - 25.4+0.14 27.2+0.19¢ 12.1+0.03%
lodine (g/m?)
9.375 - 15.5+0.21! 20.7+0.22! -
18.75 - 14.2+0.08™ 23.2+0.18" -
37.5 = 17.7+0.184 17.2+0.20™ -
75 - 21.5+0.23 16.0+£0.04° -
Gamma irradiation (Gy)
10 - 12.9+0.16 14.5+0.13¢ -
30 - 18.1+0.23% 24.2+0.738 =
S0 - 20.5+0.15 27.7+0.20¢ 20.3+0.11¢
100 - 33.0+0.15° 34.2+0.17° 15.1+0.13
200 - 34.0+0.17° 35.3+£0.25° 39.5+0.32°
LSD at 0.05 - 0.25 0.21 0.22

Each value is expressed as mean + SE. Data with different superscript lecters were significandly different (p < 0.05)

can be explained by their relationship to the metabolism
of glyceraldehyde-3-P that derives from the pentose phos-
phate shunt. Glyceraldehyde 3-P dehydrogenase NAD de-
pendent also necessary for the pentose phosphate catalytic
cycle for photosynthesis, remain present, although at a
lower level (Kruger and von Schaewen, 2003).

NADPH

It is very important to note that the concentration of
NADPH logically kept around the value activity of con-
trol and maybe these values in potato tubers after treat-
ments was small decreased (Tab. 5). Those results were
expected due to decrease in NADP which will inhibit the
phosphate pentose pathway which produce NADPH. For
essential oil treatments with caraway 100, 200 and 300
ppm gave 29.4, 39.1 and 31.1 respectively and gamma ra-
diation the doses 10, 30, 50, 100 and 200 Gy gave 44.5,
42,34.7, 34 and 25.3 respectively. Iodine treatments gave
the same trend of lower NADPH+H values than control
although it couldn’t save potatoes from sprouting more

than 6 weeks its values on 6 weeks were 30.3, 30.9, 35.2
and 25.9 corresponding to 9.375, 18.75, 37.5 and 75 g/
m’. No significant increase or decrease in all treatments
even potato maintained for 6 or nine weeks. These results
proved that activity of NADP is not a major factor to in-
hibit potato sprouting.

Soluble sugars can feed the oxidative pentose phos-
phate pathway, a pathway producing NADPH which can
scavenge ROS via the ascorbate-glutathione cycle, or ac-
cumulation of sugars may lead to ROS production (Blen-
kinsop e al., 2003; Foyer and Noctor, 2009). Results from
this study did not show significant differences in NADPH
accumulation between cold-tolerant and cold-sensitive
tubers (Barichello ez 4/, 1990). The key enzymes glucose-
6-phosphate  dehydrogenase and 6-phosphogluconate
dehydrogenase were increased even before the visible ap-
pearance of sprouting and their activities were at their
maximum during sprouting (Panneerselvam ez al., 2007).
In agreement whit this study, proves that NADPH when
results out of reaction to these enzymes in PPP, didn’t in-
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Tab. 5. Levels of NADPH (mmol/g fw.) in stored potato tubers treated with different treatments

Storage time ( weeks)

Treatments Zero 3 6 9
NADPH (mmol/g fw.)
Caraway (ppm)
Control 65.4+0.20 - - -

100 - 40.5+0.25¢ 29.4+0.37 34.1+0.228
200 - 43.8+0.11° 39.1+0.21¢ 18.0£0.01
300 - 29.8+0.11* 31.1+0.22" 34.3+0.148

Carvone (ppm)

100 - 36.5+0.15% 34.1+0.198 33.3+0.19"
200 - 35.0+0.21" 18.1+0.38" 35.140.15°
300 - 37.2+0.16° 31.24+0.11" 29.7+0.42

Clove (ppm)

100 - 40.7+0.04 34.1+0.198 33.3+0.19"
200 - 34.5+0.13' 18.1+£0.18™ 35.1+0.15¢
300 - 35.0+0.28" 31.2+0.13" 29.7+0.42

Eugenol (ppm)

100 - 34.8+0.18" 88.8+0.18" 41.7+0.29°
200 - 35.2+0.18" 32.440.29¢ 37.84+0.25¢
300 - 42.1+0.24¢ 22.7+0.23! 42.5+0.10*

lodine (g/m?)
9.375 = 36.0+0.218 30.3+0.22f -
18.75 - 39.5+0.02¢ 30.9+0.08" -
375 - 33.2+0.19 35.2+0.08¢ -
75 - 36.8+0.21f 25.9+0.48% -
Gamma irradiation (Gy)

10 - 53.7+0.35* 44.5+0.07° -

30 - 42.1+0.27¢ 42.0+0.12¢ -

50 - 40.0+£0.22¢ 34.7+0.10f 39.9+0.17¢
100 - 37.0+0.28f 34.0+0.148 36.0+0.14¢
200 - 33.2+0.23 25.3+0.29% 34.4+0.128

LSD at 0.05 - 0.26 0.21 0.18

Each valuc is expressed as mean + SE. Data with different superscript letters were significantly different (p < 0.05)

crease in study results because the treatments led to sprout-
ing inhibition. It well known that NADPH oxidation is
much more sensitive to inhibition by diphenyleneiodo-
nium than is NADH oxidation and suggested that diphe-
nylenciodonium preferentially inhibits flavoenzymes that
function by one-electron transfer subsequently the iodine
vapor expected to have the same reaction mechanisms
and inhibit potato tuber germination (Afify ez al.,, 2012d;
O’Donnell ez al., 1994; Roberts ez al., 1995). As proved in
this study carvone was found to be a good potato sprout-
ing inhibitor when compared to the traditional chemical
mixtures of isopropylphenylcarbamate and isopropyl-3-
chlorophenylcarbamate. Carvone was as good or even
better during long-term storage, also showing antifungal
activity against Fusarium sulphureum, Phoma exigua var.
Jfoveata and Helminthosporium solani (Hartmans er al.,
1995). As proved in this study carvone was found to be
a good potato sprouting inhibitor when compared to the
traditional chemical mixtures of isopropylphenylcarbam-
ate and isopropyl-3-chlorophenylcarbamate.

There are argues against the proposal that the cold li-
ability of enzymes catalyzing the conversion of fructose
6-phosphate to fructose 1,6-bisphosphate is a major cause
of sugar accumulation at low temperature. Such a conclu-
sion is consistent with the results of others who found
that transfer of tubers to low temperature results in an
immediate inhibition and subsequent delayed stimula-
tion of sucrose synthesis over the course of several days.
Nevertheless, temperature coefficients of changes in meta-
bolic flux over the range 4-25°C for tubers stored at either
the lower or higher temperature confirms that there is a
preferential decrease in carbohydrate oxidation relative to
other aspects of sugar metabolism as temperature is low-
ered. Furthermore, the yield of CO, release from specific
carbon positions within metabolized substrate suggests
that the oxidative pentose phosphate pathway accounts
for an increasing proportion of this flux in the cold (Ja-
cob ez al., 2006). Taken together, these results support the
notion that glycolysis is constrained in tubers in the cold.
It is concluded that the cold liability of enzymes catalyz-
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ing the conversion of fructose 6-phosphate to fructose
1,6-bisphosphate is not a major factor in cold-induced
sweetening in plants and that this widely held hypothesis
should be abandoned .Therefore the level of NADP and
NADPH+H are constant at room temperature ranged
from 20-25°C as reported in this investigation.

In conclusion, essential oils (caraway, clove, carvone,
and eugenol) and gamma irradiation recorded the most
suitable methods for inhibiting sprouting of potato tubers
(Solanum tuberosum L.) cv. ‘Diamond’ during storage for
9 weeks and extending its shelf life. This results provide
some evidences to the sprout inhibitors treatments of
some essential oils, y-irradiation and iodine as alternatives
to pesticides because of its bad impact to the health of con-
sumer for 9 weeks, which need further investigation in the
future for longer periods of time.

Acknowledgments

Authors would like to thank the management of the Fac-
ulty of Agriculturc, Cairo University for ongoing coopera-
tion to support research and providing funds from the total
budge and facilities necessary to achieve the desired goals of
research.

References

Afify AMR, Mohamed MA, El-Gammal HA, Attallah ER
(2010). Multiresidue method of analysis for determination
of 150 pesticides in grapes using quick and easy method
(QuEChERS) and LC-MS/MS determination. J Food Agr
Environ 8(2):602-606.

Afify AMR, El-Beltagi HS (2011). Effect of the
organophosphrous insecticide cyanophos on liver function
in adult male rats. Fresen Environ Bull 20(4a):1084-1088.

Afify AMR, El-Beltagi HS, Hammama A A, Sidky MM, Mostafa
OFA (2011 a). Distribution of trans-anethole and estragole
in fennel (Foeniculum vulgare Mill) of callus induced from
different seedling parts and fruits. Electron J Environ,
Agricult Food Chem 10(2):1897-1908.

Afify AMR, El-Beltagi HS, Fayed SA, Shalaby EA (2011 b).
Acaricidal activity of successive extracts from Syzygium
cumini L. Skeels (Pomposia) against Tetranychus urticae

Koch. Asian Pac J Trop Biomed 1(5):359-364.

Afify AMR, Shalaby EA, El-Beltagi HS (2011 ¢). Antioxidant
activity of aqueous extracts of different caffeine products.
Not Bot Horti Agrobo 39(2):117-123.

Afify AMR, Rashed MM, Ebtesam AM, El-Beltagi HS (2011
d). Effect of gamma radiation on protein profile, protein
fraction and solubility of three oil seeds. Not Bot Horti
Agrobo 39(2):90-98.

Afify AMR, El-Beltagi HS, Aly AA, El-Ansary AE (2012 a).
Antioxidant enzyme activities and lipid peroxidation as
biomarker for potato tuber stored by two essential oils
Caraway and Clove and its main component Carvone and

Eugenol. Asian Pac J Trop Biomed 2:5S772-5780.

137
Afify AMR, El-Beltagi HS, Aly AA, El-Ansary AE (2012 b).

Antioxidant enzyme activities and lipid peroxidation as
biomarker compounds for potato tuber stored by gamma
radiation. Asian Pac ] Trop Biomed (In Press).

Afify AMR, Ali FS, Turky AF (2012 ¢). Control of Tetranychus
urticae Koch by three essential oils extracts of chamomile,
marjoram and eucalyptus. Asian Pac ] Trop Biomed 2(1):24-
30.

Afify AMR, El-Beltagi HS, Aly AA, El-Ansary AE (2012 d).
Antioxidant enzyme activities and lipid peroxidation as
biomarker compounds for potato tuber stored by iodine

vapor. Adv Food Sci 34(2):93-99.

Ahmed OIS (2004). Biochemical changes of potatoes during
growth and storage as affected by gamma radiation. Ph.D.
thesis. In Agricultural Science, Biochemistry Department,
Faculty of Agriculture, Cairo University, Egypt.

Alaoui JMA, Batist G, Lehnert S (1992). Radiation-induced
damage to DNA in drug- and radiation-resistant sublines of
a human breast cancer cell lines. Radiat Res 129:37-42.

Ali HFM, El-Beltagi HS, Nasr NF (2011). Evaluation of
antioxidant and antimicrobial activity of Aloysia triphylla.
Electron J Environ, Agricult Food Chem 10(8):2689-2699.

Aly AA, El-Beltagi HES (2010) Influence of ionizing irradiation
on the antioxidant enzymes of Vicia faba L. Grasas y Aceites
61(3):288-294.

Barichello V, Yada RY, Coffin RH, Stanley DW (1990).
Respiratory enzyme activity in low temperature sweetening

of susceptible and resistant potatoes. J Food Sci 55:1060-
1063.

Biemelt S, Hajirezaei M, Hentschel E, Sonnewald U (2000).
Comparative analysis of abscisic acid content and starch
degradation duringstorage of tubers harvested from different
potato varieties. Potato Res 43:371-382.

Blenkinsop RW, Copp LJ, Yada RY, Marangoni AG (2003).
A proposed role for the anacrobic pathway during low-
temperature sweetening in tubers of Solanum tuberosum.

Physiol plantarum 118:206-212.

Blessington T, Miller JC, Nzaramba MN, Hale AL, Redivari
L, Scheuring DC, Hallman GJ (2007). The effects of low-
dose gamma irradiation and storage time on carotenoids,
antioxidant activity, and phenolics in the potato cultivar
Atlantic. Amer J Potato Res 84:125-131.

Campbell MA, Gleichsner A, Alsbury R, Horvath D, Suttle
J (2010). The sprout inhibitors chlorpropham and
1,4-dimethylnaphthalene elicit different transcriptional
profiles and do not suppress growth through a prolongation
of the dormant state. Plant Mol Biol 73:181-189.

Delaplace P, Brostaux Y, Fauconnier ML, du Jardin P (2008
a). Potato (Solanum tuberosum L.) tuber physiological age

index is a valid reference frame in postharvest ageing studies.
Postharvest Biol Technol 50:103-106.

Delaplace P, Fauconnier ML, du Jardin P (2008 b). Methodes
de mesure de I’age physiologique des tubercules semences de



Afify A.E.-M.M.R. et al. / Not Bot Horti Agrobo, 2012, 40(2):129-139

138
pomme de terre (Solanum tuberosum L). Biotechnol Agron

Soc Environ 12:171-184.

De Carvalho C, Da Fonseca MMR (2006). Carvone: why and
how should one bother to produce this terpene. Food Chem
95:413-422.

Destefano-Beltran L, Knauber D, Huckle L, Suttle JC (2006
a). Chemically forced dormancy termination mimics
natural dormancy progression in potato tuber meristems by
reducing ABA content and modifying expression of genes

involved in regulating ABA synthesis and metabolism. J Exp
Bot 57:2879-2886.

Destefano-Beltran L, Knauber D, Huckle L, Suttle JC (2006 b).
Effects of postharvest storage and dormancy status on ABA
content, metabolism, and expression of genes involved in
ABA biosynthesis and metabolism in potato tuber tissues.

Plant Mol Biol 61:687-697.

El-Beltagi HES, Salama ZA, El-Hariri DM (2008). Some
biochemical markers for evaluation of flax cultivars under
salt stress conditions. ] Nat Fibers 5(4):316-330.

El-Beltagi HS, Mohamed AA (2010). Changes in non protein
thiols,someantioxidantenzymesactivitiesand ultrastructural
alterations in Radish plants (Raphanus Sativus L.) grown
under lead toxicity. Not Bot Horti Agrobo 38(3):76-85.

El-Beltagi HS, Mohamed AA, Rashed MM (2010). Response of
antioxidative enzymes to cadmium stress in leaves and roots

of Radish. Not Sci Biol 2(4):76-82.

El-Beltagi HES (2011). Effect of roasting treatments on protein
fraction profiles, some enzyme activities of Egyptian peanuts.

Int ] Food Sci Nutr 62(5):453-456.

El-Beltagi HS, Kesba HH, Abdel-Alim AI, Al-Sayed AA (2011
a). Effect of root-knot nematode and two species of crown
on antioxidant activity of grape leaves. Afr J Biotechnol
10(57):12202-12210.

El-Beltagi HS, Ahmed OK, El-Desouky W (2011b). Effect of
low doses y-irradiation on oxidative stress and secondary
metabolites production of rosemary (Rosmarinus officinalis
L.) callus culture. Radiat Phys Chem 80:968-976.

El-Beltagi HS, Farahat AA, Alsayed AA, Mahfoud NA (2012).
Response of antioxidant substances and enzymes activities as
a defense mechanism against root-knot nematode infection.
Not Bot Horti Agrobo 40(1):132-142.

Firenzuoli AM, Vanni P, Ramponi G, Baccari V (1968). Changes
in enzyme levels during germination of seeds of Triticum
durum. Plant Physiol 43:260-264.

Foyer CH, Noctor G.

photosynthesis: regulation and signaling. New Phytol
146:359-388.

Foyer CH, Noctor G (2009). Redox regulation in photosynthetic
organisms: signaling, acclimation, and practical implications.
Antioxid Redox Signal 11:861-905.

Friedman M (2006). Potato glycoalkaloids and metabolites:
Roles in the plant and in the diet. J Agric Food Chem
54:8655-8681.

(2002). Oxygen processing in

Gunckel JE, Sparrow AH (1961). Ionizing radiations:
Biochemical, physiological and morphological aspects of
their effects of plants. Encyclopedia of Plant Physiology,
Springer-Verlag, Berlin 16:555-611.

Haase NU (2010). Glycoalkaloid concentration in potato
tubers related to storage and consumer offering. Potato Res
53:297-307.

Hartmans KJ, Diepenhorst P, Bakker W, Gorris LGM (1995).
The use of carvone in agriculture-sprout suppression of
potatoes and antifungal activity against potato-tuber and
other plant-diseases. Ind Crop Prod 4:3-13.

Ibrahim NM, Eweis EA, El-Beltagi HS, Abdel-Mobdy YE
(2011). The effect of lead acetate toxicity on experimental
male albino rat. Biol Trace Elem Res 144:1120-1132.

Jacob A, Malone G, Valentina Mittova R, Ratcliffe G, NicholasJ,
Kruger A (2006). The response of carbohydrate metabolism
in potato tubers to low temperature. Plant Cell Physiol
47(9):1309-1322.

Kaplan IB, Zhang L, Palukaitis P (1998). Characterization of
cucumber mosaic virus V. Cell-to-cell movement requires
capsid protein but not virions. Virology 246:221-231.

Karim MDR, Khan MMH, Uddin MDS, Sana NK, Nikkon F,
Rahman MDH (2008). Studies on the sugar accumulation
and carbohydrate splitting enzymes levels in post harvested
and cold stored potatoes. ] Bio-Sci 16:95-99.

Kesba HH, El-Beltagi HS (2012). Biochemical changes in grape
rootstocks resulted from humic acid treatments in relation
to nematode infection. Asian Pac ] Trop Biomed 2(4):287-
293.

Klinge KM, Palomino RE (2010). Mufia (sp. Minthostachis
mollis) essential oil, as a natural alternative to control potato
sprouting tested under different storage conditions. 15
Triennial ISTRC Symposium International Society for
Tropical Root Crops (ISTRC).

Knuthsen P, Jensen U, Schmidt B, Larsen IK (2009).
Glycoalkaloids in potatoes: Content of glycoalkaloids in
potatoes for consumption. ] Food Compos Anal 22:577-
S81.

Kobeasy MI, El-Beltagi HS, El-Shazly MA, Khattab EAH
(2011). Induction of resistance in Arachis hypogaea L. against
Peanut Mottle Virus by nitric oxide and salicylic acid. Physiol
Mol Plant Pathol 76:112-118.

Kochler P, Hartmann G, Wieser H, Rychlik M (2007). Changes
of folates, dietary fiber, and proteins in wheat as affected by

germination. J Agric Food Chem 55:4678-4683.

Kruger NJ, von Schaewen A (2003). The oxidative pentose
phosphate pathway: Structure and organization. Curr Opin
Plant Biol 6:236-246.

Lin R, Horsley RD, Schwarz PB (2008). Associations between
caryopsis dormancy, a-amylase activity, and pre-harvest
sprouting in barley. ] Cereal Sci 48:446-456.

Lommen WJM (2007). The Canon of Potato Science: 27.
Hydroponics. Potato Res 50:315-318.



Afify A.E.-M.M.R. et al. / Not Bot Horti Agrobo, 2012, 40(2):129-139

Lommen WJM, Struik PC (2007). The Canon of Potato
Science: 26. Iz vivo cuttings. Potato Res 50:309-313.

Machado RMD, Toledo MCF, Garcia LC (2007). Effect of
light and temperature on the formation of glycoalkaloids in
potato tubers. Food Control 18:503-508.

Maity JP, Chakraborty S, Kar S, Panja S, Jean J, Samal AC,
Chakraborty A, Santra SC (2009). Effects of gamma
irradiation on edible seed protein, amino acids and genomic

DNA during sterilization. Food Chem 114:1237-1244.
Mohamed AA, El-Beltagi HS, Rashed MM (2009). Cadmium

stress induced change in some hydrolytic enzymes, free
radical formation and ultrastructural disorders in radish
plant. Electron J Environ, Agricult Food Chem 8(10)969-
983.

MolinsRA (2001). Food irradiation: Principlesand applications.
Wiley Interscience, New York.

Neuhaus HE, Emes MJ (2000). Non-photosynthetic metabolism
in plastids. Annu Rev, Plant Physiol Plant Mol Biol 51:111-
140.

O’Donnell VB, Smith GCM, Jones OTG (1994). Involvement
of phenyl radicals in iodonium compound inhibition of
flavoenzymes. Mol Pharmacol 46:778-785.

Panneerselvam R, Jaleel CA, Somasundaram R, Sridharan R,
Gomathinayagam M (2007). Carbohydrate metabolism in
Dioscorea esculenta (Lour.) Burk. tubers and Curcuma longa
L. thizomes during two phases of dormancy. Colloids and
Surfaces B: Biointerfaces 59:59-66.

Pifferi PG (2001). Method for inhibiting the sprouting and
for avoiding the disease proliferation in tubers, preferably
potatoes. International Patent Application, WO 02069719.

Pinhero RG, Copp LJ, Amaya CL, Marangoni AG, Yada
RY (2007). Roles of alcohol dehydrogenase, lactate
dehydrogenase and pyruvate decarboxylase in low-
temperature sweetening in tolerant and susceptible varieties
of potato (Solanum tuberosum). Physiol Plantarum 130:230-
239.

Rentzsch S, Podzimska D, Voegele A, Imbeck M, Muller K,
Linkies A, Leubner-Metzger G (2012). Dose- and tissue-
specific interaction of monoterpenes with the gibberellin-
mediated release of potato tuber bud dormancy, sprout
growth and induction of a-amylases and B-amylases. Planta
235:137-151.

Roberts TH, Fredlund KM, Moller IM (1995). Direct
evidence for the presence of two external NAD(P)H

dehydrogenases coupled to the electron transport chain in
plant mitochondria. FEBS Lett 373:307-309.

139
Salama ZA, El-Beltagi HS, El-Hariri DM (2009). Effect of

Fe deficiency on antioxidant system in leaves of three flax

cultivars. Not Bot Horti Agrobo 37(1):122-128.

Shehab GMG, Ahmed OK, El-Beltagi HS (2010). Nitric oxide
treatment alleviates drought stress in rice plants (Oryza
sativa). Not Bot Horti Agrobo 38(1):139-148.

Silva NCC, Fernandes JA (2010). Biological properties of
medicinal plants: a review of their antimicrobial activity. J

Venom Anim Toxins incl Trop Dis 16(3):402-413.

Smittle DA (1971). A comparison and modification of methods
of total glycoalkaloid analyses. Am Potato J 48:410-413.

Sorce C, Lorenzi R, Ranalli P (1997). The effects of (S)-(+)-
carvone treatments on seed potato tuber dormancy and
sprouting. Potato Res 40:155-161.

Suhag M, Nehra BK, Singh N, Khurana SC (2006). Storage
behavior of potato under ambient condition affected by
curing and crop duration. Haryana J Hort Sci 35:357-360.

Tajner-Czopek A, Leszczynski W, Lisinska G, Prosba-Bialczyk
U (2006). The content of glycoalkaloids in potato tubers
depending on the term of harvest. Zeszyty Problemowe
Postepu Nauk Rolniczych 511:379-387. (in Polish).

Teper-Bamnolker P, Dudai N, Fischer R, Belausov E, Zemach
H, Shoseyov O, Eshel D (2010). Mint essential oil can
induce or inhibit potato sprouting by differential alteration
of apical meristem. Planta 232:179-186.

Vaananen T (2007). Glycoalkaloid content and starch structure
in Solanum species and interspecific somatic potato
hybrids. PhD thesis, Department of Applied Chemistry
and Microbiology Food Chemistry Division, University of
Helsinki, Finland.

Wise RR, Naylor AW (1987). Chilling-enhanced peroxidation:
the peroxidative destruction of lipids during chilling injury
to photosynthesis and ultrastucture. Plant Physiol 83:227-
272.

Xienia U, Foote GC, Van S, Devreotes PN, Alexander S,
Alexander H (2000). Differential developmental expression
and cell type specificity of dictystelium catalases and their
response to oxidative stress and UV light. Biochem Biophys
Acta 149:295-310.

Xun X, Shengkai P, Shifeng C, Bo Z, Desheng M, Peixiang
N, Gengyun Z (2011). The Potato Genome Sequencing
Consortium. Genome sequence and analysis of the tuber
crop potato. Nature 475:189-195.

Zhao Z, Hu X, Ross CW (1987). Comparison of tissue
preparation methods for assay of nicotinamide coenzymes.

Plant Physiol 84:987-988.



	Abstract
	Introduction
	Materials and methods
	Sprout inhibitor treatments
	Chemical analysis
	Total gycoalkaloids determination
	Result and discussion
	α-Amylase activity
	Lactate
	Total glycoalkaloid
	NADP
	NADPH
	Acknowledgments
	References

