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ABSTRACT

Several storage experiments were performed at Mansoura Experimental Farm,
Agric. Res. Institute. To study the storability of different potato cvs as affected by new
different storing techniques. af the ambient iemperature for six months period during
2001 and 2002 years. Results could be summarized as follows:-

Exp.(, 1, and lil;

1. Al used essential oils were effectively act as a sprout-suppressanis at low
concentration, they were more effective as two or three cils were mixed togelher.
They could be directly applied (sprayed in liquid phase), or indirectly (volatilized
to be act in vapour phase) within closed headspace.

2. They highly suppressad the incidence of sprouling, weight losing and damage,
they also maintained higher TSS values.

3. The most effective anti-sprout treatment for each cv was:-

i Ditta cv: Their tubers were sprayed twice with thyme + caraway oils {1 + 1
mi/L) within closed headspace.,

fi. Ditta cv: Their tuber were exposure to (thyme + caraway) {5 + 5 ml} andfor
{10 + 10 ml) oils to be act in vapour phase within closed headspace {680 x 10°
cm

iii. Spunla cv. Their tubers were sprayed with (dill + thyme + eucalyptus) oils {1
+ 1 + 1 mlL) or (dill + thyme) oils (1 + 1 mi/L) twice at opened headspaca.

iv. Polésta cv: Their tubers were spreyed twice with limonene cil (5 mUL) under
rice straw cover atopened siles {sprouting [%] was reduced from 97.5% up
to 19.8%).

v, Diamont cv; Their tubers were sprayed twice with thyme oil (5 mlL) undar
the same conditions, (sprouting % was reduced from 50% up to 2.3%, also
eucalyptus oil up to 4.6%).

vi. Provento cv: Their tubers were also sprayed Iwice with caraway or
eucalyptus and/er limenene oils (§ mUL} under the same conditions,
(sprouting % was reduced from 24.1% up to 0.0%, full suppression),

Finally, such treatments could be concluded as a new technique of great
benefits for storing potaloes at the ambient temperature for six months peried (without
any cold or synthetic anti-sprouling application).

INTRODUCTION

Sprouting, weight loss, rofting and microbial infectiocns represent
serious problems arises during storage of potato tubers.

potato produced in Egypt often starts to sprout shortly alter harvesting.
Their tubers known It be stored either in nawwala (24-28°C, 65-70% RH) or
in refrigerators (4°C, 80% RH} for consumption, seeds {for plantation) and at
(10°C, 90% RH) for processing (Barakat, 1996).
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In most cases, the use of synthetic sprout suppressants, i.e. CIPC
{chloropropham) is required in nawwala and 10°C cold storage to inhibit the
incidence of sprouting and other undesirable changes (El-Afry et 2/ . 1986).

Cold storage facilities are rather expensive and beyond the reach of the
producers. Therefore, areliable proper technique (alternative one) to control
bud development during storage must stili be required.

The ideal sprout inhibitor must be effectively suppress sprouting at low
levels, its inhibitional effect should be reversible {viability of buds), reduce
fresh weight loss and rotting of tubers, it must be safety, available and ¢ost-
effective (Vaughn and Spencer, 1991 and Vokou et al., 1993).

Recently, a few volatile organic compounds, essential oils extracted
from aromatic and medicinal plants, i.e, thyme, caraway, eucalyptus, mint.
dill, basa!l, and/or their basic constituents {monoterpens), i.e., thymol carvonz,
1, 8, ceniole, minthole, carveole, and elc proved to be effective for these
purposes (Hartmans et 2/., 1995 and Qosterhaven et al,, 1995), -

Present work aimed to be establishing new local, potent, safety and
cost-effective technique for storing potatoes by using different botanical
essential oils under different storage conditions / methods.

MATERIALS AND METHODS

Several storage trials were conducted at Mansoura Research Station,
Agric. Res. Inst., Cairo, during two seasons of 2001 and 2002 to study the
effect of some extracted essential cils of eucalyptus, mint, dili, caraway,
basal, thyme as weil as limonene as a natural anti-sprout for controlling
sprouting and to increasing storability of some potato cvs, i.e. Ditta, Spounta,
Provento, Polesta and Diamont during 6 months storage period at the
ambient temperature. Tubers of different cvs were obtained from Maba Agric.
Company, EI-Bihimra Governorate. Those were saved from the summer
harvesting, cured and size graded to be used for this work purposes.

Cultivars characteristic {from Agrico Comp. Holand), as follows:

Ditta: Long oval to long, yellow skin, deep yellow flesh, medium size, fresh
marketing, rather firm,

Provento: Oval to round, light yellow flesh, rather firm, processing and fresh
rmarketing.

Polesta: Round oval, yellow flesh, rather firm to mealy, fresh marketing and
processing.

Diamont: Oval, light yellow flesh, rather firm to mealy, fresh marketing and
processing.

Spounta: Long, yellow skin, yellow flesh, larg size, rather firm to mealy. fresh
marketing {notice Fig. 1, 2 and 3).

Essentlal oil extraction:

Essential oils were extracted by hydro-distillation method (Charles and
Simon, 1990). From 50 gm of dill, caraway, basal seeds, mintand thyme
dried herp through 2 hrs period, extraction was repeated as required. Also,
commercial imonene essential cil was included.
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Fig. 1. Characteristics of some potato cv. (tubers)
A Ditta B. Poliesta
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Experiment a2

This experiment was conducted for storing tubers of Ditta ¢v for6
months pericd at the ambient temperature by spraying (dlrectapplrcallon)
tubers with some essential oils in closed headspace (60 x 10° cm®).

Tubers were taken into cardboard boxes of 60 x 10° ¢cm® internal
space, each one contained 50 kg of tubers. Boxes were arranged in 3 verticl
rows (replicates), each row included11 boxes (treatments).

Randomized complete blocks design (RCB) of 11 treatments and 3
replicates was adopted.

Essential oils were emulsified by Tween-80 (1m/L) and sprayed twice
at the beginning and again after 3 months. Just after spraying boxes were
tightly sealed.

Treatiments were as foliows:

1.Thyme oil (T) 1mI/L. 2. Caraway oil (C) 1 mUlL.

3. T+ Coails (1+1mbL). 4. Toil 1.5 mliL.

5. Coil 1.5 ml/L 6. T+ Coils (1.5+1.5milL).
7. Toil 2 mlL. 8. Coil 2mlL.

9. T+ Cotls (2 +2mlL). 10. Control-1 (closed boxes).

11. Control-2 (Opened boxes).

Six months later, experiment was terminated, sprouting (%) was
calculated based on number of sprouted eyes relative to total number of eyes
of each tuber (10 uber f box).

Sprout length (cm) and weight {g) were also determined.

Experiment Ib:
Ditta tubers were also indirectly treated by allowmg oils to be volatilized

(act in vapour phase) within closed headspace (60 x 10° cm?). Qils were put
in Petri dishes at the bottom of each box nearly the stored tubers, then boxes
were closely sealed.
Treatments were as follows:

T oil 5 mi/headspace (60 x 103 m )

C oil 5 mi/headspace (60 x 10° m* A

T +C 5+ 5miheadspace (60 x 10-" m).

T oil 10 ml‘headspace (60 x 10> m® )

C oil 10 mlheadspace (60 x 10° m™).

T+ C 10 + 10 mbheadspace (60 x 10°m’ ).

Control-1 (closed boxes).

Control (opened boxes).
Al‘ter 6 months, experiment was lerminated, sprouting (%), sprout
length {cm) and weight (g) was determined.

®ND oA ON

Experimant 1l:
Spunta tubers were directly sprayed (twice) with other essential cils in
opened space (box) at the ambient temperature. Treatments were as follows:
1. Mint (Myoil. 2 Caraway (C) oil 3. Eucalyplus {E) oil.
4. Thyme (T} oil 5. Dill (D} oil. 6. Basal (B) oil, each one (2ml/L).
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7.0+ Toils (1+ 1 mliL) 8B E+D+Toils (1+1+1mlL)

9. Controt {sprayed with water).

At the end, sprouting (%}, sprout length (cm}and weight (gm} were
determined. Also, weight loss (%}, based on wi (gm) of 10 tuber atthe
beginning and the end, damage (%) based on recording the number of rotted
and decayed tubers and excluded them all over the period and TSS %, all
were determined.

Experiment lli:

Tubers of Polesta, Provento and Diamont cvs were sprayed with
essential oils, ie. C, T, E, L all5miL, C+T+E +L 1.25mldL from each
one. They were sprayed twice at the storage cnset and again 90 days later.
Just after spraying, tubers were covered with rice straw (0.6 m depth).

Factorial experiment of 3 cvs x 6 treatments, replicated 3 times and
RCB design were adopted.

Treatments were three cvs, each one received 6 treatments:

1. C ail 2. T ol 3 Eail 4. Loail eachone (5 muL).

5 C+ T+ E+Loils {1.25 ml/L) from each one 7. Control.

At the end of experiment, sprouting (%) of each treatment was
determined. Also, data of monthly temperatures and relative humidity during
two storage seasons of 2001 and 2002 were presented in Table (1).

Table 1. Monthly means of temperature degrees and reiative humidity
(%} (RH) during 2001 and 2002 seasons.

2001 season 2002 season
Months Temperature Relative Temperature | Relative
: {*C) humidity (%} {°C) humidity {%)
ay 246 62.2 239 64.9
une 25.9 64.9 27.1 68.1
uly 28.9 64.0 305 70.8
ugust 280 70.7 289 71.0
eptember 298 67.5 27.4 67.7
Ociober 238 67.8 255 72.0

RESULTS AND DISCUSSION

Experiment la;

Data in Table (2) and Fig. (2) indicated that all oil treatments were
significantly suppressed sprouting and reduced sprout length (cm) compared
with the two controls. At all used concentrations, thyme oil was the best one
relative to ‘caraway oil in most cases. Thyme oil gave its great suppressive
effect at low concentration (1 ml¥L), while caraway oil did at medium
concentration (1.5 mliL).

it was evident from the same data that combination of more one oil was
greally enhanced their anti-sprouting effect due to the involvement of more
basic component {(monoterpenes). The most effective treatment was T oil
combined with C oil at the lowest concentration (1 + 1 ml/L).
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Caraway oil at the highest concentration (2 miliL) induced great
stimulatory effect on sprouting (25%) (means of two seasons). At the same
concentration (2 mlL) thyme oil had no similar stimulatory effects.

On the omer hand, the same data (Table 2) illustrated that the two
controls {closed space 1 and opened space 2} were greatly differed among
them. Control {1) raised sprouting (%) to 27% and the sprout length {cm) 75%
over control (2}, there was no differences in sprout weight. This might be due
10 the différences in their micro climate conditions, i.e. temperatures, RH and
light (within storage boxes).

Table 2. Sprouting characters of Ditta ¢v. as affected by essentlal oils
spraying during 6 months storage at the ambient temperature
during two seasons, )

2001 season 2002 season
. Sprout Sprout . Sprout | Sprout
Treatments Spr(onz]u ng |BI::1§th Av';rage Spr{ol,/l:)tmg les;gth A\f';rage
{cm) FW {gm) (cm) |FW (gm})]
T {1 m/L) 8.10f 1.638fg| 3.60f 763ef [ 143def| 3.07e
C {1 miL) 12.03d 1.87 d 497 d 11.98d | 1.63de | 4.23d
T+C 69749 1.47 gh 6.10c¢ 810 f 127ef | 550¢
(1+1mil)

T{1.5 mil) 8.13f 210¢c | 7.30b 763f | 1.80cd [ 643 a
C{1.5mi) 747fg | 243b | 7672 640f | 203bc |6.30ab
T+C (1.5 + 7.03¢g 137h | 637¢ 6.93 f 1171 | 567 be
1.5 miL)

TE2mlL) . 10.20e [1.73def | 433 € 930e | 1.57de | 423d
C{2mlL) 26.00c | 207¢c | 630c | 23.83c | 227b | 647 a
T+C 12.47d | 1.80df | 7.47ab | 11.60d | 1.60de | 7.00a
{2+2m/L)

Control closed| 78.53a | 7.83a | 3.33fg | 7140a | 7.33a | 3.17e
(1) . :

Control 5473b | 1.67fg | 3.03g | 50.33b | 220b | 3.33e
opened (2)

Means having the same letter in the same column do not significantly differ using
Duncan's Multiple Range Test at 5% probability..

Such suggested storage technique of applying essential oils in the
tightly sealed boxes, based on the idea of such oils volatility nature as they
act in vapoure phase. This to avoid vapour leakage, to ensure sufficient and
current suppressive effect within store headspace and within tuber tissues for
a possible long time.

It was known that monoterpenes, the basic components of these oils,
ie thymole of T oil and carvene of C oil, their lipohilicty and volatility nature
and their functional groups, all found to be the main factors controlled their
suppressive effect on sprouting, weight losing, rotting and decaying of potato
tubers (Asplund, 1968 and Reynolds, 1387).
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Fig.2. Tubers of Ditta cv.
1.  Untreated tubers stored within closed space
2, Untreated tubers storsd within opened space
3.  Tubers sprayed with T+ C {1+ 1 ml/L).

They inhibited respiration due to their role as an uncoupling agents in
mitochondria (Douce ef al, 1978). Thereby reduced the carbohydrate
degradation and sugars changes (Daniels etal, 1996). Meanwhile, during
sprouting carbohydrale reserves known to be degraded into sugars to
provided energy and structural components for the rapidly developing sprout
tissues. Thus, sprouts act as a powerful sink to the mobilized sugars {vans
ang Hartmans, 1987). Besides, caraway and dill oils found to be fully inhibited
HMGR-enzyme system, the main key enzyme of mevalonate pathway in
potato tubers (Oosterhaven ef al, 1993). Mevalonate known as the main
pathway of gibberellin biosynthesis, this which closely related with the
sprouting and dormancy case. Such results and interpretations were also
coincided by lhe findings of Harlmans et al., (1990}, Vaughn and Spencer
(1991}, Vouko et af. (1993), Daniels et al. (1996} and Carlo et a/. (1997)

Experiment Ib:

Data in Table (3 and Fig. (3) indicated that caraway and thyme oils
{singly or combined) were significantly and highly reduced sprauting (%) and
sprout length (cm) in all cases and sprout weight in some cases compared
with the two controls. Thyme oil (singly) at all concentrations was more
effective than caraway one.
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Table 3. Sprouting characters of Ditta cv. as affected by assential olls
vapour exposura during 6 months storage at the ambient
temperature during two seasons.

‘ _ 1 season ~2002 season
Treatments prouting] Sprout | Sprout Eprouth[ Sprout | Sprout
(%) fength | Average {%) length | Average
{em) | FW {gm) (cm) | FW {gm}
Fr_150 , Mieadspace 60] 7.33de | 1.50d | 400c | 7.00c | 1.40d | 363c
x 10° em
C‘]53 mlfgeadspaoe_so 803d [ 0.76ef | 280d 63c | 0.70f | 2734
0° cm
15\’ 5_:-5 m/H.S. 804 620f 8e 250e L00c [08tef| 23De
om
T 11(:3 mifeadspace 60| 6.60el | 0.56f1 1.871 33c | 047g | 1.73f
x 10° cm i
C110g mifjeadspace 600 9.03 ¢ 27Db 5980a B77c | 203b | 480a
x 10° cm .
B‘E}C 11%4:-!10 TJFH.S._ f.2de 0.90¢ 4/3b 6.39¢c | 0.86e | 443D
x 10° em .
Cantrol closed 7673a | 837a 423c | 7377a | 853a | 373c
hegdspace 60 x 107
em
Control opened 550D 1.83¢ 453 b 00b | 1.87c | 430D
ggdspace 60 x 107

|
Means having the same letter in the same column do not significantly differ using

Duncan's Multiple Range Test at 5% probability.

- M

i TR e

Fig.3. Tuber of Ditta cv.

nreNa

. Control 1 [closed).
Controi 2 {opened) sp.
Tubars subjectad 1o oil vapour T + C (5 + § mlisp.).
Tubers subjectad to oil vapour T {10 milsp.)
Tubere subjected to vil vapour C (10 mifspace}.
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The same data revealed that both raising oil concentration and
combining of two oils were induced an sustainable suppressive effect on
sprouting. This couid be logically true under this expariment conditions due i
the need for current oil vapour (suppressive action) to be contact sufficiently
and penetrate into the internal tissues of ali the stored tubers. Also to be
ensure sufficient and current suppressive effect for long time.

Qils combination provided more and different monoterpenes, i.e. T+ C
treatment provided thymole and carvons,.this provided more suppressive
effect.

It was evident from this d77ata that the most effective treatments of the
considerable lowest sprouting (%), sprout length and weight were T + C oils
(5 + 5 ml)/60x 10°%cm® headspace followed by T + C cils (10 + 10 ml) / the
same headspace size.

Some data revealed that two controls were behave as they didin
experiment la.

All results were at the same trend in two seasons. Herein, it could be
suggested that such technique must be used to store polate in closed stores
with only cil treatment without the need for cold treatment or the unfavourable
synthetic anti-sprouts.

Once again it should be sure that the impertant results of (Exper. la
and b) could practically be utilized, when potate stored at ambient
temperature in closed steres or in refrigeraters (10°C). Based on the effect of
their direct contact with tubers (spraying) or on volalility mature and the
spreading or diffusion of oil vapour into the store space and to potato tubers.

Accordingly and practically, it is possible to be stored potato at large
scale using thyme and caraway oils by spraying, fogging, fumigation and air
drafting (loaded with oil vapour) within large <losed stores.

Such results and suggestions were confirmed by the findings of
{Hartmanns et al, 1990 [fogging of oils]; Vaughn and Spencer, 1991
[spraying) and Bang, 1995 [exposure to cil vapour]).

Experiment ll:

About stormg of potato, spunta cv for 6 months a! ambiznt
lemperatures by spraying other essential oils within open headspace. Data in
Table {4) and Fig. (4) revealed that all the sprayed essential oils, i.e. mint (M),
caraway (C), eucalyptus (E), thyme (T}, dill (D) and basal {B) added to the
two combined oils treatments were considerably improved the storability of
spunta tubers. They were greatly reduced the percentage of sprouting, the
sprout length and weight, weight loss and damage percentage. At the same
time, they were considerably maintained higher TSS content, ail compared
with the cofitrol at both seasons.

The same data indicated that thyme (T) and/or dill (D} qils were the
most superior among all the singly applied oils.

The most potent anti-sprout treatments were those of combined oils (D
+T +E)}(1+ 1+ 1mlL from each one) followed by D + T {1 + 1 ml/L). Similar
results were obtained by Vokou et af. (1993), Bang (1995), Bouwmester et a/.
(1985) and Singh ef al. (19897).
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Fig.4. Tubers of Spounta ¢v.

Cont.1, Untreated tubers within closed site.

Cont.2. Untreated tubers within opened site.

T+ D. Tubers sprayed with T + D oils {1 + 1 ml/L).

T+D+E. Tubers sprayed with T + D + E oils {1 + 1 + 1 ml/L).

C;+ T1+ D;. Tubers sprayed with C + T + D olls each one (2 mU/L).
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Herein, the anti-sprout effect of such treatments could be explained at
the previously mentioned bases and discussion. Additionally, those might be
reduced respiration and theraby isduced degradation and changes of
carbohydrate and sugars and depletion of other tuber reserves.

Also, it was obvious that tubers of such treatments were maintained
higher total soluble solids (TSS) content reiative to control one. Controf tubers
depleted more reserves in respiration (due to storage condition} and in
sprouting activities. {Notice the previously presented air temperature and
relative humidity during the storage period.

This also could be extended to explain the weight losing case of oil
treatments and control. On the other hand, the suppressive effect of the oils
treatments on the incidence of rotting and decaying of tubers might be due to
their anti-fungal function (Bang, 1995).

Experiment Hl;

Research was extended to investigate sprouting case of other potato
cvs, ie. Polesta, Diamont and Provento during their storage at the ambient
temperatures, when their tubers were sprayed with different essential oits
{caraway, thyme, eucalyptus, limonene each one {5 ml'L) and all combined
oils (1.25 ml/L} from each one, under rice straw cover at open site.

Data in Table (5)illustrated the effect of different potato cvs. Provento
was of the least sprouting percentage followed by Diamont and at least
Polesta cv. with significant differences among them. This might be due to
their differences in firmness, Provento rather firm, Diamont and Polesta were
rather firm to mealy reflected. Tuber firmness reflected the internal case and
associated with tuber storability.

Table 5. Sprouting (%) of different potato cvs during 6 months storage
at the ambient temperatures.

Cvs 2001 season 2002 season
Polesta 51.11a 4972 a
Provento 500c 479¢
Diamonte 15.89 b 1661 b

Meanzs having the same letter In the same column do not significantly differ using
Duncan's Multlpls Range Test at 5% probability.

Data in Tabile (6) illustrated the effect of oil treatments. Limonene ail
followed by thyme oil were the most effective anti-sprout, they were
suppressed the sprouting % to 9.0 and 13.3, respectively compared with
control (57.3%). Caraway oil relatively gave some stimulatory effect {29.7%
sprouting) as it previously did not higher con¢entration.

Data in Table (7) illustrated the effect of interaction of cvs x oil
treatments. Such data indicated that different potato cvs were significantly
differed amung them in their response to the applied oil.

Also, same data cleared that with Polesta cv, limonene oil was the
most effective treatment, it was reduced sprouting (%} frorn 97.5 to 19.8% .
Thyme or eucalyptus oil were the most effective with Diamont, thyme oil
reducad sprouting (%) from 50% to 2.3% and to 4.6% by eucalyplus one.
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Table 6. Sprouting (%) as affected by essential oils spraying during 6

months storage at the ambient temperatures.

Treatments 2001 season | 2002 season
5mlL 28.89hb L 3055b
5 miiL 13.22 cd 13.85 cd
£ 5 miiL 1467 cd 15.00 cd
L5 mii 9.00d 922d
+T+E+L (1.25 ml/L of each one 19.585¢ 17.66 ¢
Untreated 58.66 a 56.11 a |

Means having the same letter in the same column do not significantly differ using
Duncan's Multiple Range Test at 5% probability..

Table 7. Sprouting (%) as affected by Interaction of potato cvs x
essentlal olls during 6 months storage at the ambient

temperatures.
Treatments 2001 season | 2002 season
C5milL 7567 b 79.00b
TS5mlilL 32.00 det 3333 de
Polesta ESs mlL 41.00cd 38.67 cd
L 5 mliL 20.33 fgh 19.331g
C+T+E+L (1.25 miL of each one) 37.67 cde 33.00 de
Controf 100.00 a 95.00 &
C5mliL 0.0i Q.0 ooh
T5miL 5.001 433 h
Proventa E 5 mllL 0.00i 0.00h
- LemlL 000 066 h
C+T+E+L {1.25 ml/L of each one} 0.00i 0.00h
Cantrol 25.00 efg 23.33 ef
CEmi 11.00 ghi 12.87 fgh
T5mlL 26610 3.00 h
Diamonte E 5 mliL 3004 £.33h
“L5SmiiL : 6.66 hi 7.68 gh
C+T+E+L (1.25 mi'L of each one) 21.00fg 20.00fg
Coniroi 51.00¢ 50.00 ¢

Means having the same letter in the same column do not significantly differ using
Duncan's Multiple Range Test at 5% probability,

The best effect with Provento cv resulted from caraway, eucalyptus,
limonene and {T +C + E + L) oils application, any one was fully suppressed
Sprouting incidence {from 24.1 to 0.0%). The effect of interaction treatments
could be related with the similar effect of their individua! factors {Tables 5 and
B},

Herein, it is of benefit io be observed the relatively highet concentration
of the applied oils (5 ml/L). This based on the possibility of losing some
suppressive effect of such ocils due to some leakage of oil vapour through the
rice straw cover at the open storage site.
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