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Abstract The Sclerotium tuber rot fungus (Sclerotium
rolfsii Sacc.) represents a serious problem for Jerusalem
artichoke (JA) tubers during storage periods. The aim of
this study was to investigate an alternative preservation
method using a natural essential oil to inhibit the fungal
growth, increase storability, and keep nutritive value of JA
tubers under storage conditions. In vitro antifungal activity
was assessed using two essential oils; caraway and spear-
mint at concentrations of 2, 3, 4 and 5%.Among the tested
treatments, caraway oil at 2 % resulted in complete

inhibition of the fungal growth. In the storage experiment,
two preservation methods were applied using caraway oil.
In the first method, JA tubers were treatedwith caraway oil
at 2 %, kept in perforated polyethylene bags and stored at
4 °C and 90 % relative humidity (RH). In the second
method, JA tubers were treated with caraway oil at 2 %,
kept between peat moss layers and stored at room temper-
ature (25/10 °C, day /night) and 70 % RH. Comparing
with the infected-untreated control, tubers infected with
S. rolfsii and treated with caraway oil which kept in peat
moss exhibited lower severity of Sclerotium tuber rot,
sprouting percentage and weight loss. On the other hand,
this treatment led to the highest dry matter and contents of
carbohydrates, protein, inulin and total phenols as well as
the activity of peroxidase and polyphenol oxidase en-
zymes. Based on the obtained results we recommend the
use of caraway oil and peat moss when storing JA tubers at
room temperature due to its eco-safety and saving of the
cooling energy.

Keywords Caraway . Carvone . Limonene . Peat moss .

Spearmint

Introduction

From a biorefinery point of view, Jerusalem arti-
choke or sunchoke (Helianthus tuberosus L.) is a
perennial plant which has a high economic value. In
addition to be used traditionally as a human food
and livestock fodder due to its high nutritive value,
its tubers have been used for the production of
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biofuels and some functional food ingredients such
as inulin, oligofructose and fructose. The carbohy-
drates in the tubers were found to have a potential for
production of platform chemicals, e.g., succinic acid.
Moreover, some bioactive metabolites from its leaves
and stems have been used in some pharmaceutical appli-
cations (Johansson et al. 2015; Yang et al. 2015).

Jerusalem artichoke tubers are subjected to at-
tack by several phytopathogenic fungi, causing
rust, southern blight, and tuber rots diseases that
can limit its yield production. Under storage con-
ditions, approximately 20 pathogens causing stor-
age rots have been isolated from JA tubers, which
vary in their disease potentiality and economic
significance (Kays and Nottingham 2008). Tuber
and stem rot, caused by Sclerotium rolfsii Sacc., is
one of the most important diseases of JA infecting
the tubers during field and/or storage stages. It can
be a serious disease causing a severe yield loss,
especially under higher storage temperatures
(Sennoi et al. 2010). Although fungal spoilage of
tubers can start in the field, actual proliferation
and substantial spoilage occur in the postharvest
period when the main plant defenses are reduced
or eliminated (Jin et al. 2013). Therefore, simple
and economic storage technologies of JA to reduce
losses are demanded.

Storage JA tuber rots can be controlled by various
means including; low temperature, removal of diseased
tubers and minimizing mechanical damage or applica-
tion of chemical fungicides. Another applied method in
the high cold climatic regions which is the over-
wintering (keeping tubers in the soil). Unfortunately,
many fungi can grow at low temperatures and cause
substantial damage, especially when storage extended
for long periods (Tesio et al. 2011). A common solution,
is the use of synthetic chemical fungicides, however,
their use is accompanied by threatening human health
and the environment by supporting the emergence of
resistant pathogens and by contamination of food with
the pesticide deposits (Zhang et al. 2013).

Recently, the natural alternatives such as plant essen-
tial oils provide a promising control of plant diseases
because they virtually constitute a rich source of bioac-
tive chemicals such as phenols, flavonoids, quinones,
tannins, alkaloids, saponins and sterols (Combrinck
et al. 2011). Moreover, these natural alternatives can
also maintain the biochemical constituents of tubers
during storage, they are biodegradable to nontoxic

products, and are potentially suitable for use in integrat-
ed pest management programs.

Caraway (Carum carvi L.), also known as me-
ridian fennel, is a biennial medicinal plant in the
family Apiaceae. It was used in folk medicine as a
digestive, carminative and lactogenic. Different re-
searches have been previously studied its antimi-
crobial, anticancer, antioxidant, antidiabetic, anal-
gesic, gastrointestinal and many other pharmaco-
logical activities (Seidler-Lozykowska et al. 2013;
Al-Snafi 2015).

Spearmint (Mentha spicata L.), also known as
bush mint, is a perennial plant that grows in tem-
perate climates. Its essential oil is used in perfume,
cosmetics, air fresheners, drink flavorings, candies
and medications. It has been reported to possess
antibacterial, antifungal, antiviral, insecticidal and
antioxidant properties (Hussain et al. 2010)

The present work was planned to investigate the
most important rot causing fungal pathogens af-
fecting JA tubers, find out an alternative preserva-
tion method for controlling tuber and stem rot
disease of JA under storage conditions, with keep-
ing the nutritive value and quality of the tubers
using the combinations of essential oils of caraway
and spearmint at room temperature and cooling
conditions.

Materials and methods

Isolation of tuber rot associated fungi

Rotted JA tubers obtained from the refrigerated storage
were separately washed, surface-disinfected for 3 min in
0.5 % sodium hypocholorite and rinsed with sterilizing
water. Sections (1 cm) of the tubers were placed on potato
dextrose agar (PDA) plates (Difco, USA), supplemented
with antibacterial agent (L-chloramphenicol; 5 mg/L and
streptomycin sulphate; 5 mg/L) and incubated at 25 °C for
5–7 days. Hyphal tip and single spore techniques were
used to obtain pure cultures of the isolated fungal path-
ogens. The recovered isolates were maintained onto
slants of potato, carrot agar medium and kept at 4 °C
for further studies. The isolated fungi were identified
according to their cultural, morphological and
microscopical characteristics as described by Domsch
et al. (1980) and Watanable (2002).
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Pathogenicity test

Pathogenicity test was conducted to determine the rot-
ting potential of the isolated fungi. Disease-free tubers
of Fuseau cultivar, obtained from Vegetable Research
Department, Horticulture Research Institute, Agricultur-
al Research Center, Giza, Egypt, were washed and sur-
face disinfested as described. Inoculation was carried
out under sterilized conditions bymaking a small hole in
the tuber using a sterile 5 mmCork-borer and inserting a
5 mm disc of 5-days-old culture of the tested fungus in
the hole. Inoculated tubers were then placed under moist
conditions in covered glass containers at 25 °C. Latter,
selected pathogenic isolates were tested for their rotting
potentiality at 4, 15 and 25 °C.

The severity (%) of the tuber rot was evaluated based
on our proposed scale; where: 0 = no symptoms of rot, 1
= 1–10 % of tuber rot, 2 = 11–20 % of tuber rot, 3 = 21–
30% of tuber rot, 4 = 31–40% of tuber rot, 5 = 41–50%
of tuber rot, 6 = 51–60 % of tuber rot, 7 = 61–70 % of
tuber rot, 8 = 71–80% of tuber rot and 9 ≥ 81% of tuber
rot. The severity was then calculated using the formula;

S ¼ ∑n
N� 9

� 100

Where; S = severity of tuber rot (%); Σn = sum of the
individual ratings; N = total number of potato tubers
assessed and 9 is the highest score on the severity scale.

Essential oils extraction

Essential oils were extracted separately from (200 g) of
caraway seeds and spearmint dry leaves. Extraction was
done by hydro-distillation of the plant materials for
150min using Clevenger apparatus as described Charles
and Simon (1990). The purified extracted essential oils
were then stored in clean dark glass bottles at 4 °C until
used.

In vitro assessment for antifungal activity

Antifungal activity of the two essential oils was evalu-
ated. Suitable volumes of the plant essential oils were
separately added to 100 ml Erlenmeyer flasks contain-
ing 20 ml sterilized PD broth and 0.5 % Tween-20 to
obtain the proposed concentrations of 2, 3, 4 and 5 % (v/
v). Discs (5 mm diameter) from 5-days-old culture of
S. rolfsii were used to inoculate the flasks, and then the

flasks were incubated in a dark at 25 ± 2 °C for 7 days.
Untreated medium was used as a control. Triplicate
flasks were used for each treatment. At the end of the
incubation period, the mycelial mats were harvested,
washed several times with distilled water, and oven
dried to constant weight at 80 °C. The antifungal activity
was expressed as the reduction percentage in the myce-
lial dry weight.

Gas-liquid chromatography – mass spectrometry
(GLC-MS)

After extraction, the most efficient antifungal essential
oil was analyzed to identify and quantify its basic con-
stituents. Identification of the constituents of the essen-
tial oil was performed by gas-liquid chromatography
coupled to mass spectrometry (Schimadzu QP-5000
GCMS), using an Autosystem XL, equipped with a
DB-1 fused silica column (30 m × 0.25 mm film thick-
ness 0.25m; J&WScientific Inc.) connected to a Perkin-
Elmer Turbomass. The oven temperature was pro-
grammed from 50 to 200 °C in increments of
3 °C min−1. On reaching 200 °C, the temperature was
kept isothermal for 10 min, the temperature of the trans-
fer line, 230 °C; the temperature of the ionization cham-
ber 200 °C, helium carrier gas, adjusted to a linear
velocity of 30 cm s−1; split-flow ratio 1:40, ionization
energy 70 eV, ionization current, 60 A; mass range, 40–
300 U, scan time 1 s. A standard solution of n-alkanes
(C9-C21) was used to obtain the retention indices. The
compounds were identified by comparison of their re-
tention indices with those reported in literature and also
in theWiley Registry ofMass Spectral Data, 6th Edition
(Wiley Interscience, New York). (Andrade et al. 2015).

Evaluation of the caraway essential oil and peat moss
application under storage conditions

Healthy JA tubers (~20 g each) were washed by water,
surface disinfected in 0.5 % (v/v) sodium hypochlorite
for 3 min, then rinsed in sterilized water and left to dry.
For essential oil application, JA tubers were soaked in
caraway essential oil at 2 % concentration for 20 min,
then left to dry about 2 h before the storage. For inocu-
lum preparation, 250 ml Erlenmeyer flask containing
50 ml of sterilized PD broth medium and inoculated
with a disc (5 mm diameter) from 5-days-old culture of
S. rolfsii was incubated in the dark at 25 ± 2 °C for
10 days. The mycelial mat was then harvested and
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washed gently with sterile distilled water. Twenty grams
of the fungal mat were taken, mixed thoroughly and
blended with 1000 ml of distilled water to produce a
homogenized suspension and adjusted at a concentra-
tion of 5 × 104 cfu mL−1. Artificial infection was done
by spraying the tubers with the fungal suspension until
run-off.

The experiment was divided into two groups accord-
ing to the storage method. In the first group, the tubers
were kept in 10-kg capacity perforated polyethylene
bags (0.075 mm thickness), and stored at 4 °C at a
relative humidity (RH) of 90–95 %. In the other group,
the tubers were stored at 25 ± 2 °C in carton boxes (50 ×
30 × 20 cm) with moistened peat moss layers (SAB
Syker Agrarberatungs und Handels GmbH & Co., Ger-
many, pH 3.5 and RH 75 %) at the rate of peat moss: JA
tubers (1.5: 1, Kg/Kg). The treatments applied to each
group can be summarized as follows: untreated control
(C), infected with S. rolfsii (P), treated with caraway oil
(O), and treated with caraway oil and infected with
S. rolfsii (O + P). For each treatment, 30 kg of tubers
were used.

Monthly and along 120 days of storage, tuber rot
severity, percentage of sprouting, weight losses and
dry matter of tubers were evaluated. The stored tubers
were also analyzed for carbohydrate, inulin and protein
contents according to and Dubois et al. (1956), Winton
and Winton (1958) and Robinson (1973), respectively.
The defense related enzymes (peroxidase and
polyphenoloxidase) were assessed according to the
methods described by Maria et al. (1981) and Maxwell
and Bateman (1967). Total phenol was determined ac-
cording to Diaz, and Martin (1972).

Statistical analysis

All experiments were arranged in randomized block
design. Statistical analysis, including, analysis of vari-
ance and Duncan test, as well as the standard deviation
were performed using CoStat (CoHort Software, U.S.A)
version 6.4 at level of probability (P) ≤ 0.05.

Results and discussion

Tuber rot associated fungi

Occurrence percentages of the fungal species associated
with rotted JA tubers which stored under cold conditions

are illustrated in Fig. 1. Seventeen fungal species be-
longing to 12 genera were isolated and identified with
varied occurrence percentages. The highest occurrence
was recorded for S. rolfsii (61.7 %), followed by Fusar-
ium incarnatum (22 %), whereasGeotrichum candidum
was the lowest recovered fungus, recording 2.7 %. A
thin, easily penetrated surface layer and high sugar
content make JA tubers more susceptible to infection
by a wide range of fungi. Several fungi associated with
rotted JA tubers have been reported in the literature e.g.
S. rolfsii, Sclerotinia sclerotiorum (Snowden 2010), Bo-
trytis cinerea, Rhizopus stolonifera, Penicillium and
Fusarium species (Kays and Nottingham 2008) and
Rhizoctonia solani (Ezzat et al. 2015).

Pathogenicity test

All isolated fungal strains were subjected to the patho-
genicity test at different temperatures (4, 15 and 25 °C)
to determine the most aggressive fungus causing tuber
rot and its best growth temperature (Table 1). Great
variation in the pathogenic potential ranged between 0
and 100 % was recorded for the tested fungi according
to the temperature and the fungal species. Some fungi
have the pathogenic potential even under cooling tem-
perature. The pathogenic potential, if present, increased
with the temperature increment. Among the tested fungi,
S. rolfsii was the only pathogen that recorded 100 %
disease severity at 25 °C. However, its pathogenic po-
tential remained relatively high at 4 and 15 ° C (53.3 and
73.3 %, respectively). Sclerotinia sclerotiorum came
next with disease severity of 70, 93.3 and 25.7 % at 4,
15 and 25 °C, respectively. On the other hand, six fungal
species showed low to moderate pathogenic potentials,
while, nine fungi recorded no pathogenic potential at
any temperature.

The obtained results are in accordance with that of
Koike (2004) and Sennoi et al. (2013) who reported that,
S. rolfsii is considered as a serious pathogen of JA tubers
in both field and storage. Jerusalem artichoke tuber rot
caused by S. rolfsiiwas reported to occur in temperature
range of 2 to 20 °C. The pathogen sclerotia have the
ability to survive at low temperature (−10 °C), and can
germinate under a wide range of relative humidity (Kays
and Nottingham 2008; Snowden 2010). On the other
hand, watery soft rot of JA tubers caused by
S. sclerotiorum was reported to develop at low temper-
ature (Snowden 2010). Blue mold rot and Fusarium rot,
caused by several Penicillium and Fusarium species,
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respectively, were reported to infect JA tubers only at
relatively high temperatures (Kays and Nottingham
2008). Based on the obtained results, S. rolfsii was
selected for the next tests.

In vitro assessment for antifungal activity
of the essential oils

In vitro antifungal activity of the caraway and spearmint
essential oils was evaluated against S. rolfsii (Fig. 2). The
obtained data revealed that, caraway essential oil complete-
ly inhibited the growth of the pathogen even at the lowest
concentration (2 %), while, spearmint essential oil showed
a slight reduction of the fungal growth. These results are in
agreement with those of Abdel-Kader et al. (2011) who
reported the inhibitory effects of caraway oil against the
mycelial growth of F. solani, R. solani, S. rolfsii and
Macrophomina phaseolina under in vitro conditions. The
antifungal activity of caraway essential oil may be attrib-
uted to some antifungal phytochemicals that constitute a
large fraction of the oil like carvone, limonene, carveol,
pinen and thujone (Seidler-Lozykowska et al. 2013;
Darougheh et al. 2014).

Constituents of caraway essential oil

GLC analysis of caraway oil revealed that, mono-
terpenes is the main component of the oil. Ten
compounds were determined in caraway essential
oil. The main components were carvone and lim-
onene (57.7 and 35.5 %, respectively). According
to other researchers, the percentage of carvone and
limonene in caraway essential oil ranges from 92.2
to 99.8 %. The overall quality of caraway fruits is
considered to correlate with its carvone / limonene
ratio; the higher the ratio, the better the quality

Fig. 1 Occurrence of fungi associated with rotted tuber stored under cold conditions. Columns superscripted with the same letter are not
significantly different at P ≤ 0.05 (Duncan test)

Table 1 Disease severity (%) caused by the isolated fungi under
different storage temperatures

Fungus Temperature (°C)

4 15 25

Alternaria alternata 0 k* 0 k 0 k

Aspergillus flavus 0 k 0 k 0 k

A. glaucus 0 k 0 k 0 k

A. niger 0 k 0 k 0 k

Cladosporium sp. 0 k 0 k 0 k

Cunninghamella sp. 0 k 0 k 0 k

Fusarium incarnatum 0 k 0 k 0 k

F. verticillioides 0 k 0 k 3.3 k

F. oxysporum 0 k 6.7 jk 16.7 ghi

F. solani 3.3 K 13.3 hij 26.7 ef

Geotrichum candidum 0 k 0 k 0 k

Mucor indicus 0 k 3.3 k 10 Ijk

Penicillium sp. 20 fgh 46.7 d 63.3 c

Rhizopus stolonifer 16.7 ghi 26.7 ef 33.3 e

Sclerotinia sclerotiorum 70 bc 93.3 a 25.7 efg

Sclerotium rolfsii 53.3 d 73.3 b 100 a

Trichoderma viride 0 k 0 k 0 k

* Means followed by the same letter(s) are not significantly
different at P ≤ 0.05 (Duncan test)

Phytoparasitica (2016) 44:341–352 345



(Seidler-Lozykowska et al. 2010). In addition, the
essential oil contains myrcene, α-Terpinolene,
trans-limonene oxide, trans -dihydro carvone,

trans -carvol, perilla alcohol, carvacrol and β-
caryophyllene. In this study, these constituents
were present in small amounts.

Fig. 2 Inhibition in mycelial dry weight of S. rolfsii as a function of the tested oils. Columns superscripted with the same letter are not
significantly different at P ≤ 0.05 (Duncan test)

Table 2 Mean rot severity (%) of JA tubers treated with caraway essential oil and infected with S. rolfsii using two storage methods

Storage method* Treatment** Storage period (day)

30 60 90 120

1 C● 28.5 b *** 73.3 a 100.0 a NA

P 100.0 a NA NA NA

O 0.0 e 0.0 e 0.0 d 0.0 d

O + P 8.9 d 24.4 d 37.5 b 53.6 b

2 C 20.1 c 33.6 c 40.0 b 66.5 a

P 20.0 c 47.2 b 100.0 a NA

O 0.0 e 0.0 e 0.0 d 0.0 d

O + P 0.0 e 0.0 e 8.9 c 13.3 c

* 1 = storage in polyethylene bags at 4 °C and 2 = storage in peat moss layer at 25 °C

** C = untreated control, P = infected, O = treated with caraway essential oil and O + P = infected and treated with caraway essential oil. NA
= not applicable due to full deterioration

*** Means in each column followed by the same letter(s) are not significantly different at P ≤ 0.05
● Tubers rot in the untreated control (C) treatment was due to reasons other than the target fungus
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Evaluation of the caraway essential oil and peat moss
application under storage conditions

Disease severity

The mean data of rot disease severity of JA tubers
treated with caraway essential oil and infected with
S. rolfsii using the two storage methods are present-
ed in Table 2. Although the disease severity in-
creased with the increase of storage period using
the two storage methods, the storage of the infected
JA tubers treated with caraway essential oil (O + P)
in peat moss layer at 25 °C significantly reduced the
disease severity compared with the cooling method

even after 120 days of storage. Storage of the
infected-untreated JA tubers (P) in peat moss layer
at 25 °C significantly reduced the disease severity
for 60 days of storage compared with the storage
under cooling method, after which, the tubers were
fully deteriorated. On the other hand, storage of the
untreated-uninfected JA tubers (C) in peat moss
layer at 25 °C significantly reduced the disease
severity (caused by reasons other than S. rolfsii)
compared with the storage under cooling method.
These results are in accordance with those obtained
by Al-Mughrabi et al. (2013) against potato storage
pa thogens (F. coeruleum , F. sambucinum ,
F. avenaceum, F. oxysporum, Alternaria solani,

Table 3 Mean sprouting, weight loss and dry matter weight (% ± 2SD) of JA tubers treated with caraway essential oil and infected with
S. rolfsii using two storage methods.

Criterion Storage method* Treatment** Storage period (day)

30 60 90 120

Sprouting 1 C 40.0 ± 10.0 70.0 ± 4.0 90.0 ± 4.0 NA

P NA*** NA NA NA

O 0.0 0.0 0.0 0.0

O + P 3.8 ± 0.1 3.9 ± 0.1 4.0 ± 0.4 4.3 ± 0.2

2 C 50.0 ± 10.0 80.0 ± 14.0 95.0 ± 6.0 98.0 ± 2.0

P 3.6 ± 0.4 4.8 ± 0.4 NA NA

O 0.0 0.0 0.0 0.0

O + P 0.0 0.0 0.0 0.0

Weight loss 1 C 20.5 ± 2.9 35.7 ± 5.3 59.9 ± 8.0 NA

P NA NA NA NA

O 0.0 0.0 0.0 0.0

O + P 2.9 ± 0.2 3.0 ± 0.2 3.8 ± 0.6 4.6 ± 0.5

2 C 7.1 ± 0.2 21.7 ± 3.3 50.9 ± 5.8 70.9 ± 8.2

P 30.7 ± 4.0 39.5 ± 9.9 NA NA

O 0.0 0.0 0.0 0.0

O + P 0.0 1.0 ± 0.1 1.0 ± 0.2 1.7 ± 0.4

Dry matter weight 1 C 17.2 ± 0.5 18.0 ± 0.7 19.2 ± 1.5 NA

P NA NA NA NA

O 22.5 ± 0.4 22.9 ± 0.6 23.6 ± 0.3 24.9 ± 0.6

O + P 22.0 ± 0.2 22.3 ± 0.4 23.3 ± 0.9 23.5 ± 0.8

2 C 22.6 ± 0.4 23.0 ± 0.3 21.0 ± 0.5 21.5 ± 1.1

P 18.6 ± 0.6 17.0 ± 0.5 NA NA

O 23.6 ± 0.5 24.6 ± 0.8 24.9 ’ ± 0.5 25.8 ± 0.5

O + P 23.5 ± 0.4 23.7 ± 0.6 24.2 ± 0.4 25.5 ± 0.3

* 1 = storage in polyethylene bags at 4 °C and 2 = storage in peat moss layers at 25 °C

** C = untreated control, P = infected, O = treated with caraway essential oil and O + P = infected and treated with caraway essential oil

*** NA = not applicable due to full deterioration
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R. solani, Phytophthora infestans, P. erythroseptica
and Phoma exigua). The antimicrobial effects of
monoterpenes, carvone and limonene, presented in
the caraway essential oil may be due to the increase
of the permeability of the fungal cell membrane,
inactivation of some structures and energy produc-
tion enzymes and/or the reduction of conidial ger-
mination, ultimately resulting in death of the fungus
(Ma et al. 2015). In addition, the use of essential oils
in managing JA storage diseases may provides sev-
eral positive advantages, including, they are eco-
friendly, biodegradable, multifunctional, and non-
persistent natural products. Moreover, these essential
oils may tend to reduce the risk of pathogen

resistance build up against chemicals because they
contain two or more stereo-isomers that may be
targeted on multi-sites on the pathogen’s cell mem-
brane (Lambert et al. 2001).

One of the valuable applications for peat moss is the
traditional use in food preservation (Taskila et al. 2016).
The antifungal property of peat mosses has been reported
by many researchers against Candida albicans, Crypto-
coccus albidus, Aspergillus niger, A. flavus, A. terreus, A.
nidulans, A. spinulosus, and Trichophyton rubrum
(Zaitseva 2009). The antimicrobial activity in peat moss
may be attributed to some of its bioactive components like
sphagnan, a pectin-like polymer, that inhibit microbial
growth via electrostatic immobilization of extracellular

Table 4 Mean contents of carbohydrates, inulin (mg/g ± 2SD) and protein (% ± 2SD) of JA tubers treated with caraway essential oil and
infected with S. rolfsii using two storage methods

Criterion Storage method* Treatment** Storage period (day)

30 60 90 120

Carbohydrates 1 C 42.5 ± 1.4 41.7 ± 1.5 38.4 ± 4.3 NA

P NA*** NA NA NA

O 44.6 ± 1.3 44.2 ± 1.3 43.3 ± 1.3 43.0 ± 1.0

O + P 42.7 ± 1.7 42.0 ± 0.7 41.6 ± 1.1 41.3 ± 0.3

2 C 42.0 ± 0.3 40.2 ± 1.4 37.7 ± 1.0 36.0 ± 0.5

P 36.7 ± 1.4 36.0 ± 0.3 NA NA

O 46.0 ± 0.3 46.9 ± 0.5 47.0 ± 0.8 47.7 ± 0.9

O + P 42.0 ± 0.8 41.9 ± 0.7 41.5 ± 1.2 41.0 ± 1.4

Inulin 1 C 14.2 ± 0.6 13.6 ± 0.7 12.8 ± 1.2 NA

P NA NA NA NA

O 15.6 ± 0.8 15.0 ± 0.3 16.7 ± 0.6 15.0 ± 0.2

O + P 14.9 ± 0.6 14.0 ± 0.1 14.0 ± 0.0 13.9 ± 0.4

2 C 14.3 ± 0.5 14.0 ± 0.4 13.8 ± 0.6 13.0 ± 0.2

P 13.0 ± 0.4 12.0 ± 0.3 NA NA

O 18.9 ± 0.5 18.0 ± 0.4 17.9 ± 0.2 17.6 ± 0.6

O + P 17.9 ± 0.5 17.6 ± 0.8 17.0 ± 0.2 17.0 ± 0.0

Protein 1 C 12.2 ± 0.4 12.0 ± 0.2 11.9 ± 0.4 NA

P NA NA NA NA

O 12.8 ± 0.3 12.7 ± 0.3 12.7 ± 0.4 12.6 ± 0.4

O + P 12.6 ± 0.5 12.6 ± 0.2 12.4 ± 0.1 12.0 ± 0.1

2 C 12.5 ± 0.3 12.3 ± 0.4 12.0 ± 0.4 11.9 ± 0.2

P 9.9 ± 0.2 9.0 ± 0.4 NA NA

O 13.0 ± 0.3 13.0 ± 0.6 12.7 ± 0.5 12.7 ± 0.2

O + P 12.6 ± 0.5 12.4 ± 0.5 12.3 ± 0.4 12.0 ± 0.4

* 1 = storage in polyethylene bags at 4 °C and 2 = storage in peat moss layers at 25 °C

** C = untreated control, P = infected, O = treated with caraway essential oil and O + P = infected and treated with caraway essential oil

*** NA = not applicable due to full deterioration
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enzymes and/or nitrogen deprivation, phenolics that inhibit
the activity of extracellular enzymes of microbes or other
constituents like sterols and polyacetylenes (Borsheim
et al. 2012).

Sprouting, weight loss and dry matter of JA tubers

The mean data of sprouting, weight loss and dry matter
weight of JA tubers treated with caraway essential oil
and infected with S. rolfsii using the two storage
methods are presented in Table 3.

Results indicated that, the treatment of healthy JA
tubers with caraway essential oil completely prevented
the tubers sprouting and weight loss, but recorded the

highest dry mater weight percentage along the storage
period compared with the untreated-uninfected control
using the two methods. Even after 4 months of storage,
the treatment of the infected JA tubers with caraway
essential oil led to a lower sprouting and weight loss and
higher dry matter weight for JA tubers stored in peat
moss at 25 °C than those stored in polyethylene bags at
4 °C when compared with the infected-untreated tubers.
On the other hand, storage of the untreated-uninfected
JA tubers in peat moss at 25 °C increased the sprouting,
decreased the weight loss and lowered the reduction of
dry matter weight of the tubers compared with the
storage in polyethylene bags at 4 °C. These results are
in agreement with those obtained by Gomez-Castillo

Table 5 Mean activities of peroxidase, polyphenoloxidase enzymes and phenol content (% ± 2SD) of JA tubers treated with caraway
essential oil and infected with S. rolfsii using two storage methods

Criterion Storage method* Treatment** Storage period (day)

30 60 90 120

Peroxidase 1 C 0.40 ± 0.02 0.30 ± 0.0 0.28 ± 0.05 NA

P NA*** NA NA NA

O 0.40 ± 0.03 0.38 ± 0.01 0.38 ± 0.01 0.37 ± 0.02

O + P 2.67 ± 0.16 2.69 ± 0.26 2.73 ± 0.04 2.74 ± 0.03

2 C 0.23 ± 0.01 0.22 ± 0.02 0.21 ± 0.01 0.20 ± 0.06

P 1.90 ± 0.02 1.92 ± 0.03 NA NA

O 0.33 ± 0.02 0.34 ± 0.02 0.34 ± 0.02 0.34 ± 0.03

O + P 1.77 ± 0.03 1.86 ± 0.04 1.87 ± 0.02 1.87 ± 0.26

Polyphenoloxidase 1 C 0.39 ± 0.01 0.36 ± 0.01 0.35 ± 0.02 NA

P NA NA NA NA

O 0.47 ± 0.03 0.47 ± 0.02 0.45 ± 0.03 0.42 ± 0.06

O + P 1.46 ± 0.02 1.57 ± 0.05 1.47 ± 0.02 1.57 ± 0.03

2 C 0.40 ± 0.04 0.40 ± 0.03 0.37 ± 0.03 0.35 ± 0.03

P 1.49 ± 0.03 1.50 ± 0.04 NA NA

O 0.46 ± 0.02 0.43 ± 0.01 0.41 ± 0.06 0.40 ± 0.01

O + P 1.46 ± 0.02 1.57 ± 0.02 1.57 ± 0.03 1.67 ± 0.02

Total phenol 1 C 0.29 ± 0.02 0.28 ± 0.01 0.27 ± 0.01 NA

P NA NA NA NA

O 0.32 ± 0.03 0.32 ± 0.03 0.32 ± 0.02 0.31 ± 0.02

O + P 0.52 ± 0.02 0.52 ± 0.02 0.51 ± 0.02 0.52 ± 0.01

2 C 0.35 ± 0.02 0.35 ± 0.02 0.35 ± 0.02 0.34 ± 0.03

P 0.57 ± 0.04 0.57 ± 0.04 NA NA

O 0.26 ± 0.01 0.26 ± 0.01 0.26 ± 0.02 0.26 ± 0.02

O + P 0.55 ± 0.02 0.55 ± 0.02 0.55 ± 0.01 0.56 ± 0.01

* 1 = storage in polyethylene bags at 4 °C and 2 = storage in peat moss layers at 25 °C

** C = untreated control, P = infected, O = treated with caraway essential oil and O + P = infected and treated with caraway essential oil

*** NA = not applicable due to full deterioration
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et al. (2013) on potato tubers. The active compounds,
limonene and carvone, in caraway oil are known to sup-
press sprouting of tubers by the inhibition of mitochondrial
respiration and reducing carbohydrate degradation sugar.
Carvonemay play amore specific role in the sprout growth
of potato tubers, such as the inhibition of key enzyme in
the mevalonate pathway, which is the main pathway of
gibberellin biosynthesis (Oosterhaven et al. 1995). On the
other hand, peat moss has a relatively high water retention
capacity; their cells can hold 16–25 times their dry weight
of water (Taskila et al. 2016). This property gives an
advantage for its use in the preservation of JA tubers by
providing a relative humidity around the tubers and
blocking heat transfer within the peat moss leading to the
decrease of the water loss even at 25 °C. Cabezas et al.
(2002) reported that dry matter content in JA tubers de-
pends on many factors, such as storage conditions, and
keeping tubers for 30 days at 18 °C, this leads to loosing
water above 20 %.

Biochemical characters of JA tubers

Mean data of carbohydrates content, inulin and pro-
tein of JA tubers treated with caraway essential oil
and then infected with S. rolfsii using the two stor-
age methods are shown in Table 4. The obtained
results showed that the treatment of the uninfected
JA tubers with caraway essential oil recorded the
highest total carbohydrates, inulin and protein con-
tents compared with the untreated-uninfected control
in both methods. Along 120 days of storage, the
treatment of infected JA tubers with caraway essen-
tial oil effectively lowered the reduction of carbohy-
drate, inulin and protein contents compared with the
infected-untreated tubers in both methods. A fresh
JA tuber contains 80 % water, 15 % carbohydrates,
mainly in the form of inulin, and about 2 % protein
(Brkljaca et al. 2014). For long term storage of JA
tubers, there are various changes, i.e. microbiologi-
cal, enzymatic and biochemical which may lead to
tuber damage. To inhibit these biochemical activities,
natural or artificial drying products are widely used
(Norkulova and Safarov 2015). Davies (1990) reported
that the basic constituents of caraway oil (monoterpenes)
tend to delay the breakdown of carbohydrates and protein
associated with the enzymatic system as well as respiration
and energy metabolism enzyme keeping the internal bio-
chemical enzymatic activities in minimum level.

Peroxidase, polyphenoloxidase enzymes and phenol
content in JA tubers

Data presented in Table 5 show the mean activities of
peroxidase, polyphenoloxidase enzymes and phenol
content of JA tubers treated with caraway essential oil
and infected with S. rolfsii using the two storage
methods. Results revealed that infection with S. rolfsii
led to higher total phenol and the activity of peroxidase
and polyhenoloxidase enzymes in JA tubers than those
of the uninfected control in the two storage methods. On
the other hand, the treatment with caraway essential oil
of infected/uninfected JA tubers increased these en-
zymes and phenol content compared with the
untreated-uninfected tubers in both methods. These re-
sults are in agreement with those obtained by Afify et al.
(2012) who reported an increase in peroxidase and
polyhenoloxidase activities in potato tubers when treated
with caraway essential oil. Although most enzymatic reac-
tions are drastically reduced at low temperature, JA tubers
metabolism could continue at a slow rate even at 2 °C
during storage (Saengthobpinit and Sajjaanantakul 2005).
The enzymatic activation due to caraway essential oil
treatment could be directly related to its content of carvone.

In conclusion, this study has presented an eco-safe
and energy saving method for preserving JA tubers for
120 days of storage. From the obtained results, it can be
concluded that caraway oil contains bioactive com-
pounds able to inhibit the growth of the pathogen under
laboratory and storage environments as well as improve
the quality parameters of JA tubers and its storability.
Treatment of JA tubers with caraway oil and preserving
them in between peat moss layers can provide an effec-
tive protection against tuber rot for 120 days of storage
even at 25 °C (the favored growth temperature by the
pathogen).
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