J. Agric. Sci. Mansoura Univ., 32 (4): 2983 - 2999, 2007

STUDIES ON STORING POTATO TUBERS OUT

REFRIGERATOR USING NATURAL ESSENIAL OILS:

(A) IMPROVING STORABILITY AND REDUCING OF AMBIENT
TEMPERATURE STORAGE PROBLEMS.

El-Sayed Hala A.*; E.L. EI-S. Fathy*; Rawia E. ibrahim and

Amal A, El-Awady

* Veget.Dept., Fac.of Agric., Mansoura Univ .

**Vegt.Dept ., Hort . Res. Inst ., Agric . Res. Cent.,Cairo , Egypt .

ABSTRACT

Storage experiments were conducted at El-Barmon , Horficulture Research
institute during 2003 and 2004 In order to study the effect of different storage
treatments , i.e anise , mint , fennel , eucalyptus oils (individuals or paris) / ambient
temperature added fo cold storage treatment on storability and bioconstituents of
tubers {saved from summer harvesting) of two potato cvs (Diamant and spunta )
during 9 months storage period .

The results could be summarized as foliows :-

1 — Diamant and spunta cvs were significantly differed in their effect on sproutlng
weight loss and damage percentages as well as sprout length . Tubers of
Diamant cv were of significant lower values also those were of higher
carbohydrate , starch , non reducing sugars and total phencls content .

2 — The most superior storage treatments which completely (100%) suppressed
sprouting and damage incidence and greatly reduced weight loss percentage
were of mint oil and anise + mint oils .

3 - Treated tubers of both cvs with ail essential oils / ambient temperature storage
and those that kept on cold (4°C) were significantly maintained better storability
and greatly preserved their bioconstituents compared with untreated ones . The
most. superior ones , which completely (100 %) suppressed sprouting and
damage percentage and greatly reduced weight loss percentage , were mint oil
and anise + mint cil treated tubers of both cvs (with no significant differences
among them ) . Also , 4°C stored tubers and fennel oil treated tubers of Diamant

were the following superior treatments .

INTRODUCTAION

Potato (Solanum tuberosum, L.) known as an important vegetabie for
local consumption and exportation. It is produced in Egypt in Nili and summer
seasons, but it extensively consumed during the whole year.

Sprouting, weight loss, rotting and microbial decay represent an
serious problems arise during storage of potatoes in Nawalla and/or
refrigerator (10 °C). In most cases some synthetic sprout suppressants
commonaly used but they evolved serious toxological risks heaithy cautioned
cautioned and severely impair and viability ( Hartmans e!f a/ ., 1995 and
Daniels et af ., 1996 ).

Generally, cold storage known as a common practices to minimize
such problems, but it is of high cost and sometimes of insufficient storage
capacity .Elucidation of ambient temperature storage conditions as a high
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temperature stressful factor induce generation of elevated levels of the toxic
and degradable reactive oxygen species (ROS) (Internal injurious oxidative
stress) within stressed tissues (Cakmak and Marschner, 1992 and Bowler et
al., 1992) . gave more attention for new investigation and technique in potato
storage .

Recently, some natural essential cils and/or their major components
(monoterpenes) used and proved efficient sprout suppressive and anti-
microbial actions (Oosterhaven et al., 1993 and Hartman et al., 1995 ,Rojas
2000, Fathy et al., 2005 ).

Present work aimed to study the effect of monoterpenes and
antioxidants rich essential oils (anise, fennel, mint and eucalyptus) and their
combinations during ambient temperature storage Spunta and Diamant to
reduce the previous mentioned problems .

MATERIALS AND METHODS

Long term storage experiment of Potatoes were conducted at El-
Mansoura Research Laboratories, Horticulture Research Institute, during
2003 and 2004.

These experiments were performed to study effect of hydro
distillated essential oils, of mint, fennel, anise and eucalyptus applied to
tubers of Spunta and Diamant { single (5m/L }], [ pairs { 2.5 + 2.5 miL )]
and all oils { 1.25 m/L) of each one , added to the control one ( ambient
temperature storage without oil application ) and cold storage 4 °C on their
morphoilogical and biochemical behavior . Tubers of spunta and Diamant cvs
were saved from the summer crops of 2003 and 2004, cured for 15 days .
Then stored in pile under thick layer of rice straw of 50 cm height on a April
25 in 3 vertical rows (replications), each one included 12 pile {25 kg of
tubers) for each potato cv. The surface of rice straw cover was frequently
moisted with water during the whole storage period . These tubers were
sprayed 3 times with emulsion of different essential oils , this began as onset
of storage, and again at 3 months intervals.

The experimental design and treatments :

Split plot design with three replications was adopted main plot
occupied with two potato cvs Spunta and Diamant . While , sub plot occupied
with 13 treatments ( 11treatments of essential oils / ambient temperature +
coid storage ( 4 oC ) + control ( ambient temperature storage without any
treatment .

Studied characters _
Sprouting (%):,Sprout length , Weight loss , and Damage (%) , were

measured according to El Wady 2002 were determine after 3 ,6,and 9

months from the beginning of storage :

Chemical analysis of the stored tubers : )

(Sugars , carbohydrates , Starch , total free amino acids . total phenols.

Those were determined at harvest and the end of siorage according to

methods of James {1995), Burton (1948) , Jayaraman , {1985) , Danie! and

Goerge (1972) respectively .
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RESULTS AND DISCUSSION

Storage experiments:
Sprouting, weight loss and damage:
Effect of potato cultivars: ,

it was obvious from Data in (Table 1) that , sprouting, weight loss
and damage % of the two potato cvs increased with time during storage .
Also, that Diamant cv maintain lower sprouting % weight loss % and damage
% during the whole storage period . Meanwhile , the stored tubers of the two
cvs showed similar response and fashion regarding sprout length at different
storage periods.

Also , it was evident from this data that at the third least 3 months
(after @ months ) tubers of Diamant cv were of significant lower sprouting,
weight loss and damage percentage, also of shorter sprout length than those
of Spunta c¢v in both seasons. Such resuits were in accordance with the
results of Fathy ef al. (2005).

The pronounced better storability performance of Diamant cv
compared with Spunta one could be logically true under present work
conditions, since the former maintained higher carbohydrate, starch and total
phencis content in it's tubers (Table 5 ). This indicated that such cv might be
own an active mechanism by which it slow down or inhibit the activity of the
degradable and respiratory enzymes.

Effect of storage treatments

. Data in (table 2) indicated that , all the essential oils treatments
(ambient temperature storage) and cold (4°C) storage greatly suppressed
the incidence of sprouting, weight loss and damage. Also, significantly
shortened the length of the sprout compared with those of the control one in
the two seasons.

The same data showed that during the second 3 months , of storage :
only tubers of mint and anise + mint oils stile in dormant case , whereas the -
sprouting percentage of other treatments showed slight increase relative to
their sprout case in the other prior storage during the first three months .

The same data cleared also that, at the end of storage (after 9
months of storage ) treatments of mint oif (5 mi/L) and anise + mint oils (2.5 +
2.5 mi/L) have been fully {100%) inhibited bud devetopment and incidence of
sprouting , and tuber decay aiso greatly reduced weight loss incidence and
fully prevented compared with the other treatments in both seasons.

it was also observed that, fennel oil (5 mifL) and cold storage (4°C)
followed by anise + eucalyptus oils (2.5 + 2.5 ml/L) and fennel + eucalyptus
oils were effectively but not completely suppressed sprouting , weight loss
and damage incidence of their Wibers also highly reduced the length of the
emerged sprout during both seasons.
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Table 1. Effect of potato cuitivars on sprouting behaviour, weight loss and damage (%) of their tubers at
different period of storage ( 3, 6 and 9 months ) (2003 a_nd 2004).

Cvs Sprouting Sprout length Weight Damage
(%) {em) Loss (%) (%)
3 6 9 3 6 9 3 6 9 3 6 9
months months months months months months months months months months months months
2003 season
Spunta | 2.08a 938 13992 Otla 03a " Lo6a 1.27a 252a 183a 1422 282a 4282
Diamant | 041b 741b 1263b 002b 0.35b 0.73b 0.73b 1040 3120 1.21b 2660 3edb
2004 seascm
Spunta | 2.07a 9628 14.00 2 0.09 a 065a Iila | 1.27a 253a 39%a | 143a 28%a 4262
Diamanmt | 067b 7926 i283b | 0.02b 035b 072b | 103b 2ithb 326b | 108b 2650 366a

Means followed by the same letter within each column do not significantly differed using Duncan’s

Multiple Range Test at the level of 5%.
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‘Table 1. Effect of the storage treatmenis on sprouting behaviour, weight loss and damage of their
tubers st different period of storage(3,6 snd 9 monfhs) (2003 and 2004).

Sprouting Sprout length Weight Damage
Treatments (%) {em) Loss {%)
. %)
3 6 9 ] 6 9 3 6 9 3 & [
Joige o -1} 5. 912 De se 0. 077e 1459 | 238 ofte L 160 e
Fouid @ 0 1471 143} oe | aniw 032 030} 038 | 0T °MN | 106e 14
i [T L7} 000k be 0 000% oh 007k | 049; LT (1} 000k
Ewpanal | 0984 93¢ | 1042b oigb | o7 1.33b 168 b 3296 | 49b 1wy | 3ms | sT2e
Aoiiey + Wt oy e | ruse | 12614 08| 131k (ki3 12961 2mM4| 34 1.83d 106d | 4304
Mg + vt oy oe 0j 600k Qe 0 000k ok | 00edk | 020; 0i ok 000k
Spunts Nigs o sundypioy ola e 1630 (%11 be ] 0170 | os8i o4dr| osei| 1788 | 0wy oL3i 134
Forvud » skt ol O¢ 4831 a3 L1 ¢ 1064 0s9e t43g | 210r o8l s télg 240(
[V TRy 0e 19 XYY oc | osar b92 ¢ 0sr 1028 | 130g o8l T 1.2 [§ "
W - miis [T} aasr | 11 0c| ta3y | omiy 089 139g | 208r | ome 159y 138r
Aclemendsn | 1300 .'Il.hi 1"7we olip | OBe 1libe lage 19%¢c | 480c tMe I e
Dold ot °T) o L7} 143 te L1 [T7]1Y 0y ostj| emi 027h | Wm; 093
ot | 12.968 356 | DSy 073 1L¥a 13 6| 1188s| 27s 17e | 13825 | D22a
2004 Seasons _
oles ot e 3e8r iIuh o odsd ILind 0.18d 154e 233 (1. 148y Zode
Fusmi ol ¢ 172 193 [T} ouis | osin | o2y aMi (3. 1] 0324 e [R11)
L) o og 00l O L] 000 ) Oh oomy (AL EN 00 ok LI 1
Evlybad | 10%¢ LA T 15400 [ 1] 0.3%de 1336 16db 1 LIt 191% k% 1 3Mb
st [ O re3d | e e [eme | orare | ime | vesa | ama | s | sia | oese
T Oe og odoL ok og 000 Oh 007 LA 0j ok 0.00 i
Diemant Autge o sansiyps M. 0¢ LI 49k [T} os | osIn o4ir | oszw 14en | e | 100 resg
Fona o8 e Oe ENES [$ETS 0e [T [RIT] 0.69d 13 | 1me | ester | 1637 2MF
Polind o gt v LT} liky $.17h ve 037dc | OMe s49r 1oy 10y | oalg Lek 18
[ T fe ERERS Ty b e emr | oese [ETRS toar | eer | 18ir 2197
Aatemonas | 140 1786 | HASe [ (113 12¢ e 2%« e 17 3885 03¢
[T ] Be og K Oe oy sty oMy 033 oni 833 [T Lo
o 1543y [ ¥ Y ¥ N DA% e9a] 1M, 699, 139 eda (% -2 XN 2184

Means followed by tive same letter within each column do not significantly differed using Duncan's

Mubtiple Raiegé Test #t the level of 5%.
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Similar resuits were obtained by, El-Awady (2002), and Fathy et al.
- (2005} (essential oils) (Cold storage)

In addition the inhibitional effect of these oils on damage (decay and
rotting) of potato tubers was confirmed by findings of ; Basilico and Basilico
(1999) . :

They explained such effects based on the antimicrobial action of the
essential oils monoterpenes and phenols content. In this connection, high
temperature known to induce serious internal oxidative stress, accumulation
of toxic and degradabile levels of the reactive oxygen species (ROS) {(H202,
OH, 02). Those known to be induce the incidence of internal disturbances
and dramatic events, induced membrane breakdown, extreme permeability
and solutes leakage, high respiration and depletion of carbohydrate pools
within the stressed tissues (Bowler et al., 1992 ; Rojes 2000) .

Effect of interaction

As illustrated in Tables (3 and 4) , this data cleared that treated
tubers of both ¢vs with all essential oils / ambient temperature storage and
those that kept at cold (4°C) storage were significantly maintained better
storability than untreated ones during the two seasons.

The same data proved that , at the third three months among all
interaction treatments mint oil (5 ml/L) and anise + mint cils (2.5 ml/L. of each
oil ) were the most potent ones, they have been fully inhibited sprouting and
damage incidanca of the tubers of the two CVS .

it was also noticeable that fennel oil treatment and cold storage one
showed considerable reducible effect, but not at the same potency on the
mentioned characters of stored tubers for the two cvs with no pronounced
differences among them in the two seasons.

Herein, these advantages effects of the interaction treatments could
be attributed with their similar effect in preservation of their tubers internal
bioconstituents, i.e. carbohydrate, sugars and amino acids, protection
against high temperature oxidative stressful storage conditions via their
tubers high phenols content .

Accordingly, induced an internal protective and preserved case of
minimum biochemical changes and prolonged dormancy status.

On the other hand, such effects are logically true based on the
similar effects and responses of the individual storage treatments and cvs as
previously shown.

Bioconstituents
Effect of potato cultivars

Data in Tables { 5 ) indicated that , tubers of Diamant cv were of
significant higher carbohydrate, starch and total phenols content and lower
total sugars, reducing sugars and total free amino acids than those of Spunta
tubers in both seasons.

It was evident from the same data that , Diamant was of significant
higher non-reducing sugars than Spunta only at the first seasons.
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Table 3. Effect of interaction between potato cultivars and storage treatments on sprouting behaviour, weight loss

and demage % of their tubers (after'3 6 and 9 months) (2003),

Sprouting Sprout lengih Weight Damage
Trestments (%) {em) Loss )
(%)

3 6 9 3 6 9 3 [) 9 3 6 9

—cd of o8 A1 L1 Ll 1] [T LY 16T Ihnn A [ 1 1™
fosalch - 11 Jisy " i (115 L2IHY ety atimm awm 1My 113y

[ ) ar Ll ame L *l ap [FY anTey wikp "y .y ue
Cuziggn of 1nd o4k Waze L3N Ite 1 me ity 1360 Iare 2iae ame w e
- t43e 1090 17y LF e Y] 1ase Tenr ane 14Te Y. suly

N v L1 ot sour Ny L1} e Om Wty 31} np "y "
fipunts ——— ot 3k 8% oe N nay usza 1ave (21" s DAY, TS
it » find oy or 315 L 1] L1 BNy bty Ty [(FTY Tm AT 1+, 1.
————a of LT [T ne “ite 1184 30 1iel Lieny Wty P ]
e *r AT L ay LR nety [CRETY 147y ER 1] LL L] 1y M
Aiemaneh i e 11w (3N LY e LT Vind ] 1Ty 1 sung
—— of L1 ey - ot Y] npn 0 ST e " iima nin raly
o 0% 4% wae e (LT 11 EELIY e e L10) ifl% B
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L of i LMy (1] L 1] ne - 23" TS Mam LT nly
LT} or L3 [ 11 o [1] oy am oty wi3p g up abalir
[ ar [T 14 17188 ar 3% -y 1are M2 e 1ate Mrermiy Sy
[ »l adn -y or oaarn [ Wty . risg 1y np 110y
Sebe »min ol " & s00v e - oy [ iy nivy "y L iy
[ —— or 19g aone ve iz "o LT ume re i ey (R
Pont = mrt or e oAy e At weah TN 142 Tiow “Tsy ey e
n—— ay¥ 103p 14m oy -y £y T OXLTY "-mn uy (351 14 1340
——— - sob LHL. -1 uslg L3I neas (1Y (LT atsy F L] 2L
Aelsmogad er 9M0e o [ 12 L] tiag 1t NS b 1an Bily F¥TY
——r (14 [ 1ty 04 L1 L2 »1 "Te LTV wee e HRky
Rewk

Coms Iy 1) %39 mie e *p FE 1Y e [FTH 1Y 1L Tah IS0l b

Means followed by the same letter within each column do not significantly differed using Duncan’s Multiple Range Test

of the Jevel of 5%
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Table 4. Effect of interaction between potato cultivars and storage treatments on sprout

behaviour, weight loss and damage % of their tubers (after 3,6 and 9 months) (2004).

Sprouting Sprout length Weight Damage
Treatments (") {cm) Loss {*»
(%)

3 6 9 3 6 9 3 6 9 3 6 9
mina | oe | 226p | 10530 Oc| 095d | 140 | o8an] 1esn] 2565 | 0%g| 13m | zova
Fermnl of Qe 203i 3din De | 025i 068 m 035m 0650 ] 0% em 032k | 01p | 1M
Mot | Oe ot 0.00q oe| ok 000s 0o | corsq | 0a6p ar| o s00y
Ewopaect | 219 | 1063 | 193¢ ] "odc | tosc | 1s0c | 1mac] 3erc] s9ve | 215¢| a32¢ | em-
Aniee +forwal oy Oe L AN 16877 De 1¢ 1 50¢ i43e 265c ] 432e 166e ]| 3¥0e 4924
Anins + mind oty Qe o 000 q Oe 0k 0003 00 : DO7Iq ) 0N6p ot Or 200 ¢
Spuntn | Anes « scelypius ol Oe IMm ;| S506m Oe] 023i 0.62m 054% 1.lm 1755 061 1L17n 1851
Funngt + mini ols Oe 5830 8.60i Oc ]| 085¢ 1.27g 065) 142j 1 2104 090g | 178 245
Forvsl + ocabyphn i Oe 3%m | S53L Del 0Me 1367 057k 1.151 1.73j BT h | 142n 1% 4

Ml + o alypis ol Qe 506k 793) Qe | 0330 082k 067 1531 ] 225 | 085gh 17 1%y
Avtom+goly i%c 133c | 168574 026d | 089¢ 1.574d 162d 328d ] 4844 197d | aii1d 43¢

Cold wiorags 14°C) Oe 01 2920 O ok 0L 024m 034p | 102im 035k | 067q | libm

Conwcd | 2202 | 70262 ] 07932 039s | 1982 236a 78m | i515a ) 23 73a 831la] 17022 | a9

Aniss ol Oe 503k | 10240 L G36h 107 07 124 2100 [ 083gh | 143) 243i

Fenral ol Qe l4s 2430 Oe 0k 03%r tn 043p 0660 Nk 1281 093,

i of De o 000q Oe ok 000s Qo 00Tqg | 013p ool 0i 0.00+

Evcalypius of Oe 8Ll 17.304d Oe 035h 086k 143e 288 443 e 166¢ Jaf 526,
moorveicm | 0e | 7ien Lizesg| oe [oaasj| o098y | visg | 23g | 3sar | 1ar | 28in { 416¢

Aning « rind oy oe ot 000q Oe ok 0003 to o8lq | 012p 0l oi 000

Diemant | Asist + sty olie O¢ 2164 475m Oe 013 D4d g 3m 6lan tfL 045 jk 8o 144w
Fenmal + mink ol Oe¢ 431 8.07; Oe 043 0™ 0.73) 143 2.33h 0.74h 15k 1244

Foml + exciyphm e e 120 500m Qe 023 o52p 0421 93 rm 147k 053 iln 151

M eoctpasch | Oe 52; F 714k ] oe | 038h oerem | 0635 | 129% | 13 | Gan | 151k | 2905
Asviemeqomm Oe 1024 1503 e Oe onr 086k 1337 2641 434e 14671 19;g 461

Cold siorage {4°C) O¢ (1]} t97p Oe 0k 05%0 23n 05lp | 07Ino | 035k | 063q | 103«

Comd | £330 334b | 07D | 0OXOb 187b | 2150 6.19% 1208b | 1957b | 7.530b 150 b nw

Means followed by the same letter within each column do not significantly differed using

Duncan’s Multiple Range Test at the level of 5%.
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Table 5. Effect of potato cultivars on bioconstituents of their tubgers at harvest and the end of

storage (2003 and 2004).
Total Starch ‘Reducing Sugars Non-feducig Sigars Tott sugars Tolal free amwo acids Total phancis
Cl‘bdln):;!fﬂes (%) {mgig} (mgig) {mgy) (mng/10( g) {mg/100 g}
Cvs
a [ endof a end of a - | engor a end of a end of a end of a ond of
v ¢ % ge [ A d o | hanvest g
2003 scason
Spuma 27.3b2051b 140b 11.54b 1103 892a 8382 460a 1941813522 1970a 14952 ] 389b 238b
Diaram 6221682 1708 14042 995h 3670 B12ab 4330 1807b 1003 b 19606 143b } 430a  26da
2004 seasomn
Spunta 278b 1658b 142b 1t66b 1812 9424 995  49%b 2.7 al3d8a 19401490 | 345h 2400
Dissrat W9y 1771w 16,92 14280 993b 507b 989 S07a 19822 1114 b 192b 1337b | 46a  2osw

Means followed by the same letier within each column do not significantly differed using Duacan's Multiple Range Test at the

level of 5%.

2002 ‘1udy ‘(p) 28 “Arun einosuew 135 ‘ouby
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Under present storage conditions, it might be suggested that ,
Diamant cv. Impose an certain potential ability to preserve its carbohydrate
and starch content against the degradable effect of high temperature
stress and its probable inducible oxidative one (Bowler, 1992; Cakmac and
Marschner, 1992 and Rojas et at., 2000).

Since, it had the considerable high total phenols content , those
which known to be related with the antioxidantal protective responses
Guilleea ot al., 1896), catalyzed the enzymatic breakdown of the toxic ROS
{ROS-scavenging) (Deans et al,, 1993). Thereby, suppressing the oxidative
stress destructive effects and its degradation consequences.

Effect of storage treatments

Data in (Table 6) illustrated that , all storage treatments significantly
superiored the control one in their tubers bioconstituents, ie. total
carbohydrates, starch, total sugars, reducing sugars, non-reducing sugars,
fotal free amino acids and total phenols during the two seasons. It was clear
from such data that , among them tubers of (anise + mint} oils followed by
mint oil were of the highest carbohydrate, starch, non-reducing sugars and
the former followed by the later for the highest phenols content. At the same
time, these treatments maintain low content of reducing sugars and amino
acids relative to others in the two seasons.

Also , it was observed that, fubers of cold (4°C) storage were of the
highest significant reducing and total sugars content in the two seasons.

The present results and interpretations confirmed by those obtained
by, Barakat (1996) and Fathy (2005).

Herein, of interest to compare the present { at the end of storage )
hiccenstituents values of potato tubers as affected by different treatments
witit those of the control one and with their initial biochemical analysis
(bioconstituents). This greatly confirmed the potency of such treatments in
preservation and maintenance of the stored tubers reserves, keeping the
internal biochemical enzyrmatic activities in minimum level and in more stable
case , thereby proionged their dotrmancy case.

Also, proved that , these treatments were highly effective in
protection of their tubers against the known degradable effects of higher
temperature / oxidative stressful storage conditions.

In similar to the findings of Davies {1990), Trevanion and Kruger
{1991). Whom indicated that essential oils and/or their basic constituents
siowing down the activity of carbohydrates and protein breakdown
associated enzymatic systems as well as respiration and energy metabolism
enzymes.

Generally, the pronounced preserved effects of the applied individual
oils or some of their combinations (pairs) on the bioconstituents of their
treated tubers during their long term ambient temperature storage .

These effects could be greatly atiributed with the known suppressive
action of their major components (monoterpens and antioxidant), those
which known to inhibit the activity of the internal biochemical reactions and
the oxidative stress attributes of potato tubers (Herrman et al., 1996).
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Table 6. Effect of storage treatmentg,gn potato tubers bioconstituents
(2003 and 2004). h

Storage treatments Total | Starch |Reducing| Non- Tolal {Totalfrea| Tolal
Carbohy-| (%) | sugars |reducing | sugars (| amino | phenois
drales (mpig) | sugars { (mg/g) | acds |{mg/100g)
(%) {mg/g) {mg/100g)
2003 season
Anise ol (5mit) 1834g | 12.81e ] 7007 | 3.77g | 10.86g | 131.7n | 232h
ennsl ofl (5 miL) 2440¢ | 13.71b | 942b | 459d ] 14.02d | 1689¢c | 2.82d
int ol (5 mifL) 26.78a [ 14.94a | 6.50h | B.19a | 14.69b | 159.9¢ | 3.49a
ucalyptus of (5 miL) 1505k | 10356 ) 69¢g | 3155 [ 1.1 ] 113.01 ] 186K
ise + farnel olis (2.5 + 2.5 mlL} 15395 | 11.97g | 7067 | 343h {10580 | 1187} | 1.94)
+ mint oils (2.5 + 2.5 mlL) 26.93a | 1495a| 639h | 7.87b | 1427¢c | 150.6g [ 3.40b
+ eucalyphus oils (2.5 + 2.5 mitt) 23.02d |13.10cd{ B.16e | 5.04c [ 13.20e | 158.50 ] 2.76e
ennel + mint olis (2.5 + 2.5 ml) 1692h | 13.03d| $57i | 3515 § 908k | 12591 ) 219

ennel + eucalyptus olls (25 +25mit) | 21.25¢ [ 1325¢c | 8.60d | 4.57d | 1317 | 1734b | 2571
int + eucalypus oils (2.5 + 2.5 miL) 19437 | 13.39b | 886c | 3.501i | 12387 190.0a | 2.52¢
ise + fennel + mint + eucalyplus oils 15880 | 11.67h | 5.08j | 4247 | 942) | 1178k | 187k

ol storage {4°C) 26.77b | 12487 11.57a| 4.37¢ | 15932 | 16234 ] 3.16¢

Control 13550 | 7735 | 334k ! 186k | 52001 | 935m | 1.79)
2004 season

Anise oif {5 miL) 18.62h | 1292¢ | 7681 | 4477 [ 12,157 ] 1326g ] 2.35h

ennel off (5 miL) 24.51d | 13.89c | 10150 463 e | 14.79¢c | 170.7¢c | 290d
Mint oil (5 miL) 2683b | 1488a | 6.57i | 889b | 1546b | 11561 | 3.50a
Eucaiyptus o {5 mid) 15101 | 1145h | 708k | 3637 | 10.80h | 15167 | (861
nise + fennel oils (2.5 + 2.5 mi) 1550k [ 1196rt 735g 1 426 | 1160 §29.31 | 1.94]
isq + mint ols (2.5 + 2.5 mil) 27.062 ) 15.03a ) 625) | 9.28a | 1553b [ 1143k ] 3.42b
¥se + eucalypius ofls (2.5 + 2.5 mil) 23.08e | 13.i7e | 863c | 529d | 13.92¢ | 160.0e | 2.76¢
ennel + mint ols (2.5 + 2.5 mll) 16260 { 13.52d{ 606k | 401h | 10083 { t22.9] ¢ 221
ennel + eucalyplus ols (2.5 +2.5mlL) | 21.287 | 13.62d | 8.88d { 5.50c | 1437d ) 178.5a | 2577
int + sucalyptus olls (2.5 + 2.5 miA) 19.46g | 14.05b | 9.07¢ | 526d } 14.38d | 174.5b | 2.54¢
nise + fennel + mint + eucalyptus oils 1598t t179gl 5851 | 36871 | 9.53) | 130.7h| 138k

storage (4°C) 26.0tc | 12047 | 12.11a] 427g | 16.38a ]| 163.7d ] Li?c
1366m[ 8.15i | 483m | 168j ) 655k | 94.Im | 1.80m

. Means followed by the same letter within each column do not significantly differed using Duncan’s Multiple
Range Test at the level of 5%.
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On the other hand , the marked inducible effect of cold storage on
the accumulation sugars totals sugars , reducing sugar may be explained
based on conversion of sucrose to giucose and fructose via invertase in cold
storage results from the inactivation of an invertase inhibitor.

In contrary, control treatmient which showed a dramatically
degtadation and depletion in its tubers carbohydrates 4and other
bioconstituent could be explained based 6n the harmful and degradable
effects of high temperature / oxidative stress. Such case might be induced
genération of elevated toxic level of oxygen radicals (Bowler et al., 1992 and
Cakmac and Marschner, 1992 ; Rojas , el al 2000) within stressed tissues.
Thereby, degraded the cell membranes and allowed more O2 diffusion,
raised respiration rate and sugars depletion (Daniels et al., 1996 ).

So, long term ambient temperature storage of control tubers resulted
in extrermne reduction in all internal bioconstituents relative to the initial
content {Table 6 ) and relative to other treatments.

Effect of interaction

Data in (Tables 7and 8) illustrated that , all the applied essential oils
and low temperature treatments were greatly preserved the biogonstituents
during the long term storage of Spunta and Diamant tubers compared with
those of untraated tubers in both seasons. Such data revealed that mint ail
and {anige + mint) oils applied into Diamant tubers with no differances
between them followed by the same oil$ applied into Spunta tubers
respectively gave the highest significant carbohydrates content. Also, those
followed By cold (4°C) storage with the first ¢v then with the second cv
respéctively at the two seasons. '

it was ¢lear from the same data that the same interaction treatiments
and others (individuals and/or pairs) exhibit the same superior preserved
Mioct on starch content of both ¢vs tubers . Mint oit and anise + mint oils
applied intdo Diamant tubers gave the highest sighificant starch content (with
no significant differences among them) in the two seasons. Whereas, tubers
of control treatments of both cve ware of the lowest starch content.

Absolutsly, the highest significant reducing Sugars values were of
Spunts tubers stored on (4°C) followed by those of the same cv stored on
ambient temperature and treated with (eucalyptus + mint) oils and by those
of Diaman! tubers stored on (4°C) in both seasons.

Regarding non-reducing sugars, mint oil followed by anise + mint oiis
applied into Spunta tubers resulted in the highest significant content (all were
significantly differed). The same storage treatments in the same order, when
applied into Diamant tubers were the following ones and also of noticeable
high non-reducing sugars in both seasons . This reflected and confirmed
their patent suppressive effect oft the enzymatic changes of sugars (Vander
Plas, 1987; Davies, 1990; El-Wady et al., 2002 and Fathy et al., 2005).

In contrary , low temperature storage treatment , which induced the
* highest values of reducing sugars, maintain in the same time the lowest non-
reducifig sugars content bf tha two cvs .
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Table 7. Effect of interaction between potato cultivars and storage treatments on
their tubers bioconstituents (2003).

Siorage reatments Totd | Stach |Reducing] Non- | Total |Totalee| Tola
Cabohy-{ (%) | sugars [ reducing | sugars | aminc | phencis
drales (™) | wgws | (mgigm) | acids | (mg/100g)f
%) {mg/g) (mygy/ 100g) |
isa oil (5 i) 18431 | 11.42x | 9651 | 4041 | 13699 | 144.21 | 2440h
Feowl ol {5 mid) 2080 | 12460 | 10.30c | 455i | 14854 | 17974 | 265e
Mink ol (5 mL)Eucaiyplus ol (SmiL) | 26.02b | 13.53e | 7.32j | 8.32a | 1564b | 1150¢ | 302¢c
+ fonnel olls (2.5 + 2.5 mi) 1478q | 10351 | 9.64f | 3200 | 1293) | 12400 | 1.89k
Anise + mint olls (2.5 + 2.5 ML) 1500pq [ 1066k | 6.76e { 358n | 1334h | 147.2k | 191k
Anige + sucalyplug oils (25 + 2.5 miL) | 26.87b | 13.50e | 894k | 824b | 15.18c | 12450 | 284d
Fennel + mint o (2.5 + 2.5 mi) 22040 | 1148k | 9379 510 | 1456f | 18171 | 263ef
wa]momoh (25+25m) [1558n0 | 11260 | 7507 | 3750 ] 13.4m | 1374m | 23%h
Mint +eucalyplus ofls (25 +25mi) | 2003} | 11.90) | 10.29¢ | 4471 | 1476de 1527i | 247¢
(Anise + fernel + mint + eucalyptus oils | 18.531 ] 1246h | 1088b | 380m | 14.88e | 185.2¢ | 2469
l{wach ane 1.25 mit) 15440 1 10381 | 6.81) | 4133k { 10940 | 19422 | 187W
Cokd sorage {4°C) .
Cantrol 24.50¢ | 12100 | 12838 [ 377m | 16593 | 17620 | 2640
12773 | 7.27n | 4520 ] 269q | 7.217 | 99731 | 1.78m
Anise ol (5 miL) 19.250 | 14.19d | 4520 { 350n | 803p | 1192p | 220i
Fennel ol (5 mit) 25190 | 1406b | 854h | 485h | 13181 ] 1582n | 299¢
Mint ol (5 mitL) 2754a | 1635a | 568n | B08c } 1374g{ 1M10s | 29a
Eucalypius ol (5 mit) 15.310p | 13321 | 427p § 201p | 7.28r { 1318n | 1.83Im
lAnise + fennel oily (2.5 + 2.5 mil) 1578n | 12979 | 4550 | 3270 | 783q | 1128r | 197
[Anisa + mint ol (2.5 + 2.5 milL} 2700a | 1832a | S584m | 7.51d | 13.35h | t115s | 396a
Digmant|Anise + sucslyplus olle (25 + 25 mA) | 24001 | 14Tibc | 695k | 4889 | 1183k | 1533i | 2894
Fannel + mint ols (2.5 + 2.5 mit) 18.25/ | 1481bc| 356g | 3270 | 6.83s | 1145q | 199j
Fenoel + sucalyplus olls (25 +2.5miL) | 21571 | 1460¢ | 891K | 488h | 11571 | 161.7g | 267w
oty ol (25+25m) | 2034k | 1472bc | 685K | 3220 | 10.070 | 1880b | 2581
+ionmed + mirk + oucalyplus ols | 16.32m | 12979 | 355q | 4.35j | 7.90q | 1485 | 187k
sach ona 1.25 miL)
storage (4°C) 2506c | 1288g | 1030¢c | 4971 | 1527¢ | 1485 | 367D
1z [ 819m | 217¢ [ 1030 | 3191 ) 8733u | 168n

"using Duncan’s Multiple Range Test at the level of 5%.
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Table 8. Effect of interaction between petato cultivars and storage treatments on their
tubers bioconstituents (2004). '

Treaiment Totd | Stach {Reducing| Non- Total | Totslee| Total
Cabohy-| %) wgHrs | reducing | sugars | amino | phenols
droles (mglg) | sugars | (mgigm) | acids |{mg/100G)
%) {mg/g) {mgi100g)

o (5miL) 1996n | 11.42i | 1030d | 444gh | 14.74g | 151 m | 247n
Fennel ol (5 miL) 22.82i § 1252¢ | $1.41b | 289 15301 | 182.2d | 286
oll (5 mirL) Eucalvous o (3 mit) 203e | 13381 ) 735k | 875b | 16.10c | 117.1¢r ] 302

+ fonnet olis (2.5 + 2.5 mi) 1479w | 1041k | 9801 3451 13.25) | 152.8j | 189t

+ mink os {2.5 + 2.5 miL) 15.42v | 1083j | 9871 | 485ef | 1452n | 125.2p | 1915
+oucalyplusolls (25+25mil) | 2688¢ | 13.740 | 721k | 909a | 1640h [ 1148s | 285g
Fennel + mint oils (2.5 + 2.5 mit) 22035 | 11.90h | 964g | 594c | 1558 | 1644¢ | 266§

+oucalyplusolls (25 +25mi) £ 1558t | 11580 | 8131 431N | 12441 ] 12880 | 2840
(Mint + sucalyplus olls (2.5 + 2.5 mil) 20001 | 1209 | 104e | 554d | 1595d | 19548 | 248m
+fannel + mint + eucalyplusois | 20530 | 1255g | 1092¢ | 476 | 1568¢ | 1857c | 2481

(each one 1.25 min) 15551 | 1048k | 727w | 372 | 11.00m | 14841 | 107w
whorage (4°C) 25001 | 1208 [ 13242 | 375§ | 16.99a { 17740 | 267N
1288y | 749m | 685m | 1410 | 8.28pq | 9093v | 180y

of (S miL) 20.28q | 1442d ] 506q [ 450igh | 9560 ] 1200q | 223p
ol 3mi) 25209 |15250c | 8800 | 5374 | 1427 | 1588n | 314d
Mint ol (5 mit ) Z763b | 16418 ] 5780 | 003a | 14819 | 1142t ] 3570

ofl {3 miL) 1541y | 1248g | 455+ | 300§ | 835p | 1493k | 188v
+fonnel olls (2.5 + 2.5 milL) 1500 | 13001 | 482q | 3B86i | ABBo | 1334n ] 197¢
+ mint ol (2.5 + 2.5 miL) 745 | 1632a | 518p | 947b | 1485¢gh| 1137w | 399a
+oucalyplusolls 2.5+ 25miL) | 24.94h | 1444d | 782 |45delg | 12261 | 1556i 2961
+ mint oils (2.5 + 2.5 mit) 20Mp | 1548b [ 388t } AT | T7r ] 1170r | 199g

voucalypia olg 2.5+ 25miL) | 2158k | 1492¢ | 734k | 5454 ) 1279k | 1886n | 267
soucahpius ols 25+ 25miL) | 2039m | 1555 | 7.211 § S78c | 1307 | 18329 | 259k
+fennel + mint + eucalyplus ols | 18.407 | 13921 | 443 | 383k | 808q | 11294 | 180w

slorage (4°C) 233d | 12779 | 098c | 479¢ | 1577« | 1500k | 366¢
444x | 880t ] 200u | 195m | 4853 | 8830w | 1.79x

Means followed by the same letter within each column do not significantly differed using Duncan’s
Multiple Range Test at the level of 5%.
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Meanwhile, tubers of Diamant cv showed similar response to the
same storage treatments and gave high content of total sugars relative to
other treatments in both seasons.

On the other hand and dealing with amino acids content, anise +
fennel + mint + eucalyptus oils (1.25 ml/L of each one) applied to Spunta
tubers, mint + eucalyptus applied to Diamant tubers, mint + eucalyptus oils
applies to Spunta tubers, respectively were of the significant highest values
for amino acids in the two seasons .

Meanwhile, these treatments corresponded such beneficial effects
with other advantages of full sprouting inhibition and minimum values of
weight losing and damage (Tables 3and 4 ).

In similar trend, the essential oil / ambient temperature and low
temperature treatments mostly maintain the same superiority in their effect
on total phenols content of their tubers. Among those, mint oil and anise +
mint oils (with no significant differences among them) followed by low
temperature gave the highest significant total phenols in Diamante tubers
(first season). Whilst, at the second season anise + mint oils followed by mint
oil and by low temperature with Diamant cv were of the highest content,
respectively. Meanwhile, the same treatments maintain the same effect and
trend with the other potato cv in the two seasons.

Reversely, it was clear that , mint oil and anise oil combined with
mint oil when applied either to Spunta or Diamant tubers, showed reduced
values for reducing sugars and amino acids (7.33 and 116.5) and( 7.13 and
119.65) (Spounta), (5.72 and 112.5) and (5.50 and 114.6) for Diamant mean
of the two seasons, respectively. This lead to suggestion that these essential
-oils / ambient temperature treatments especially with Diamant cv were of
great importance to be used for storing of potato tubers to obtain the best
processing quality.

Finally , it could be recommend with spraying potato tubers of
( Diamant cv ) with mint oil { 5 m/L ) or anise + mint oils (2.5 mL +2.5m/L ) 3
times during 9 months storage efficient natural , safety and const effective
technique for processing and fresh consumption storage .

Also , it could be recommended with spraying potato tubers of
Diamant and Spunta with fennel oil (5 m/L ) or anise oil combined with
eucalyptus oil ( 2.5 + 2.5 m/L ), 3 times during long term storage / ambient
temperature as better natural , safety and cost effective technique for storing
potato tubers from summer yield to be used as local seed for obtaining
satisfactory yield in the subsequent summer season .
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