ISSN 1110-0419

Annals Of Agric. Sc., Moshtohor,
Vol. 44(4): 1641-1657, (2006).

STORAGE, EVALUATION AND UTILIZATION OF MARJORAM
ESSENTIAL OIL (Origanum majorana 1.) IN CUCUMBER PICKLING,
BY

Gibriel, A.Y.*; Amal A.Hassan,*; Ali,F. A, *" and Amira M.Shokry ~

*  Food Science Department, Faculty of Agriculture, Ain Shams University,
Shoubra El- Khema, Cairo, Egypt.

**  Agri Industrialization Unit, Desert Research Center, Cairo, Egypt.

ABSTRACT

The essential oil of matjoram (Origanum majorana L.) grown in Egypt
was extracied by steam distillation. Gas liquid chromatography (GC) analysis for
its constituents was carried out. The essential oll was examined for its
antimicrobial activities against four strains of fungi, twe strains of yeasts and two
strains of bacteria. In addition, the effect of storage conditions on physico-
chemical properties of the essential oil was investigated. Moreover, the effect of
adding different concentrations of the e¢ssential otl on improving sensory
properties of pickled cucumber was also studied. The data showed that, the
marjoram essential oil was rich in finalool (20.98 %), limonene (16.78 %), and B-
pinene (12.49 %) p-cymene (10.88 %), a-pinene (9.69 %) and 1, 8- cineol {(6.84
%). The identified compounds are representing 83.42 % of the 1otal essential oil.
Marjoram essential oil totally inhibited Aspergillus niger, Acpergillus flavus,
Fusarium moniliform and Penicillium expansum at concentraticns of 300-400 pt
/100 ml medium, while it inhibited Pichia anomala and Rhodctorula minuta at
concentrations of 100 and 120 pl / disc, respectively. The mir imum inhibitory
concentrations were 100 and 160 pl / disc against Bacillus cereus and Escherichia
coli, respectively. The data also showed that, the oil samples stored at room
temperature about 30°C had a remarkable effect on the properties of the oil as
compared with those samples stored in refrigerator temperature. A sensory testing
of pickled cucumber proved that, the addition of marjoram essential oil
concentrations (100-160 pl / 100 ml brine solution) gave higher scores for taste,
texture, appearance, flavor and color than that of lower concentrations (60 and 80
ul / 100 ml brine solution). On the contrary, the control sample had the lowest
scores for most sensory properties.

Key words: Marjoram essential oil, Antimicrobial activities, Physical and
chemical properties and pickled cucumber.

INTRODUCTION
The aromatic plant, Origanum majorana L., also known as sweet

marjoram belongs to mint family (Lamiaceae). It grows abundantly in its natural
areas, Egypt and North Africa (Furia & Bellanca 1971). The fresh or dried highly



1642 Annals Of Agric. Sc., Moshtohor, Vel. 44(4), 2006

aromatic leaves and flowering tops of marjoram are widely used to flavor many
foods. Its essential oil and alcoholic extracts are applied in perfumes, cosmetics,
pharmacology medical, clinical microbiology, phytopathology and food
preservation (Reineccius, 1994; Circella et al, 1995 and Price, 1995). The
composition of the essential oil was found to vary with geographical origins,
climatic conditions, stage of plant maturity and degree of the freshness of the
plant material anatyzed (Circella et al., 1995). Marjoram essential oil possesses
antimicrobial properties against food borne bacteria and mycotoxigenic fungi
(Baratta et al., 1998; Daferera et al., 2000 and Ezzeddine ef al., 2001). However,
it is only relatively recently that much attention has been given to its potential
application as food prescrvative.

. The aim of this study was to evaluate the chemical compesition and

antimicrobial activitics of Origanum majorana L. The effect of storage conditions
on physico-chemical properties of marjoram essential oil was investigated. The
effect of adding different concemtrations of the marjoram essential oil on
improving sensory properties of pickled cuctimber was also studied.

MATERIALS AND METHODS

Materials

Marjoram {Origanum majorana L.) was oblained from the middle
region of Egypt (El-Menia), while the cucumber fruits (Cucumis sativis) were
purchased from the local market in Cairo, Egypt. For the antimicrobial
experiments, potato dextrose agar (PDA), yeast and malt extract agar (YM) and
nutrient agar were used. Four strains of moulds, Aspergillus niger (DSMZ 737),
Aspergitlus flavus (NRRL 500), Fusarium moniliform (DSMZ 764) and
Penicillium expansum (ATCC 2887), two strains of yeasts, Pichia anomala (NCY
20) and Rhodotorula minuta (DSMZ 70408), and one strain of Gram-negative
bacteria, Escherichia coli (ATCC 25566) as well as on¢ strain of Gram-positive
bacteria, Bacillus cereus (DSMZ 345) were obtained from the Egyptian Microbial
Culture Collection (EMCC) at the microbiological resources center (Cairo
MIRCEN), Faculty of Agriculture, Ain Shams University, Egypt.

Methods
Extraction of marjoram essential oil

Steam distillation for 3 h was used for the isolation of the essential oil
from the whole plant of marjoram. The isolated oil was dried with anhydrous
sodium sulphate and preserved in a sealed flask at — 20+2°C until the moment of
the analysis.

GLC analysis

The chemical composition of the oil was determined using Hewlett-
Packard gas chromatography mode! 6200. The identification of compounds was
based on a comparison of their retention times with those authentic samples.
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Antimicrobial tests
Antifungal test

The inhibition of mycelial growth of fungi was determined by the disc
agar method (Bauer er al., 1996) in the appropriate culture medium (PDA)
containing different concentrations of marjoram essential oil (100-500 pl / 100
ml). After incubation for 7 days at 28£1°C for germination, percentage of
mycelial growth inhibition was calculated according to the formula of Pandey ef
al. (1982) as follows:
Growth inhibition % = dc—di x 160

dec

Where dc: average diameter of fungal colony with control after seven
days, dt; average diameter of fungal colony with treatment after seven days, (Five
replicates were considered for each treatment).

Antibacterial and antiyeast tests

The effect of marjoram essential oil on the growth of both bacteria and
yeast strains was tested by the disc diffusion method (Deans & Ritchie, 1987),
marjoramn essential oil was applied at different ranges of concentration (20-160 ul
/ disc). After incubation at 37°C or 30°C for 24 and 48 h for bacterial and yeast
strains, respectively, the inhibition zone diameter (mm) of the microbial growth
was measured.

Storage conditions of marjoram essential oil

To examine the effect of the storage temperature on the physical and
chemical propertics of marjoram essential oil, three types of bottles were used;
brown glass bottles, colorless glass bottles and aluminum bottles. These
containers were completely filled with oil. The samples were ¢ ivided into two
groups, one group was stored at room temperature (30+£2°C) and the other group
was stored in refrigerator (5+2°C) for 8 months. Specific gravity, refractive index,
optical rotation, ester number and acid number were determined according to the
method described by Guenther (1961).

Preparation of pickied cucumber

Pickled cucumber was prepared according to the method described by
Moussa (1997), where fermentation was carried out at room temperature
(30+£2°C) for 2 weeks. After fermentation period, cucumber fruits were repacked
in packaging brine solution which consists of 7% sodiwm chloride, 0.3% calcium
chloride. 3% acetic acid and marjoram essential oil was added at different ranges
of concentration (60-160 pl / 100 ml packaging brine). A control treatment was
placed into brine without the addition of marjoram essential oil. Pickled
cucumber was stored for 3 months at 30+2°C.
Sensory evaluation

Color, flavor, appearance. texture and taste of pickled cucumber were
sensory evaluated by 10 panciists The score of the sensory criterion of the
sample was 10
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Statistical analysis
All data obtained of both antimicrobial and pickled cucumber were

exposed to the proper analysis of variance of completely randomized design and
differentiation between means was assessed by Duncan’s test at P > 0.01 using the
SAS statistical program (SAS, 1996).

RESULTS AND DISCUSSION

Major oil compaosition
Data in Table (1) showed that marjoram essential oil has 15 compounds,

10 of them were identified and representing (83.49%) of the total e¢ssential oil.
Marjoram essential oil was rich in linaiool (20.98%), limonene (16.78%), B-
pinene (12.49%), p-cymene (10.88%), a-pinene (9.69%) and 1, 8-cineol (6.84%).

" The essential oil also contained smaller quantities of terpinene-4-ol (1.92%),
linalyl acetate (1.82%), a- terpinene (1.03%) and eugenct (0.99%). These results
are in agreement with those of Omer ef al. (1997) who reported that the major
compounds of the essential oil of sweet marjoram {AMajorana hortensis), grown in
Egypt, were d- limonene (14,40%), B- pinene (11.58%), p-cymene {5.69%). On
the other hand, Vera and Chane-Ming {1999) reported that the essential oil of
marjoram was found to be rich in terpinene-4-ol (38.4%), cis-sabinene hydrate
(15.0%). pcymene (7.0%) and y-terpinene (6.9%).

RT
Unknown 2.99
a-pinene 4.02
Unknown 4.53
B-pinene : 529
Unknown 5.80
Limonene 6.92

1,8-cineol _ 8.03
p-cymene 10.00
a-terpinene 10,99
Unknown 12.28
Linalool 14.61
Unknown 15.44
Terpinene-4-ol 17.19
Linalyl acetate 2341
Fupe 2547 0.99

RT, retention time measured on BPXS5 capillary column, M, momoterpinene
hydrocarbon; LOC, tight oxygenated compound.

Antimicrobial activity of marjoram essential oil

Antifungal activity
Marjoram essential oil inhibited the growth of Aspergillus niger,
Aspergillus flavus, Fusarium moniliform, Penicillium expansum, Pichia anomala
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and Rhodoforula minuta. The minimum inhibitory concentrations (MICs) varied
from (300 pl / 100 ml) for 4. niger and P. expansum to (350 ul / 100 ml) for
F.moniliform, while MIC value for 4. flavus was found to be (400 pl / 100 ml) as
shown in Table (2) and figure (1).

Table (2): Percentage of inhibition of growth of the mycelium by marjoram
essential oil at different concentrations in the culture medium
against fungal strains.

! of marjoram oil / 100 ml medium
100 | 150 { 200 | 250 | 300 | 350 | 400 | 450 | 500
6.4 1491191 [ 255 100% | 100 | 100 | 100 | 100

Fungal strains

A. niger Aa | Ab | Ac | Ad | Be | Be | Ae | Ac | Ae
P 7771292 | 33.7 | 700 | 76.1 | 82.8 | 100* | 100 | 100
- flav Ca | Ba|Bb|Bc| Ad | Ae | AF | Af | Af

194 13555811774} 79.0 | 100*| 100 | 100 | 100
Ba | Cb | Cc | Cd | Ad Bf Af | Af | Af

P. expansum 2251550)]675]690 ([ 100%| 100 | 160 | 100 | 100
) Ba | Db | Dc | Be Be Be Ae | Ae | Ae

* Minimum inhibitory concentration (MIC).
Means of 5 replicates having same capital letters in same column and small
letters in Same row are not differ significandy (P>0.01).

F. moniliform

Table (3) revealed that marjoram essential oil inhibited the growth of
pichia anomala and Rhodotororula minuta with diameters of :nhibition zones
29.25 and 28.3 {mm), respectively, at 20 ul oil / disc. While at concentrations of
100 and 120 pi oil / disc, the growth of Pichia anomala and Rho dotorula minuta
were completely inhibited, respectively, as seen in Figure (2). Those results are in
accordance with the findings of Charai ef al. (1996} and Omer «¢t al. {(1997). As
well as Daferera et al. (2000) who mentioned that the radial growth, conidial
germination and production of Penicillium digitatum were inhibited completely
by marjoram essential oil at relatively low concentration, while Daferera et al.
(2003) found that marjoram oil inhibited Fusarium sp. at 300 pg / mlL

Table (3): Zones of growth inhibition (mm) showing by activity of marjoram
essential oil at different concentrations in the culture medium
against yeast strains.

t straing

i of marjoram oil/ disc of 13 mm diameter |
40 | 60 | 80 | 100 | 120 | 140
33.5 | 42.0 | 72.0 [90.0% | 90.0 | 90.0

Aab | Ab Bc Bd Ad Ad
365 { 485 | 62.5 | 73.8 {90.0* | 90.0
Aa Ab Ac Ad Ae Ae

* Minimum inhibitory concentration (MIC).
Means of 5 replicates having same capital letters in same column and small
letters in same row are not differ significantly (P>0.01).
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Antibacterial activity:

The inhibition zone diameters (mm) produced by marjoram essential oil
are shown in Table (4) and Figure (3). From these data it could be seen that the
essential oil inhibited the growth of B. cereus and FE.coli. Furthermore, at
concentrations of 100 and 160 pl oil / disc, the growth of B. cereus and E. coli
was completely inhibited, respectively. These results are in agreement with those
of Abdallah (2000) who stated that the marjoram essential oil was highly active
against both Gram-positive and Gram-negative bacteria.

Table (4): Zones of growth inhibition (mm) showing by the antibacterial
activity of marjoram essential oil at different concentrations in
the culture medium against bacterial strains,

| Bacterial ter |
strains 100 120 140
! ] , 90.0* 90.0 90.0
| B. cereus Ad Ad Ad
58.0 60.0 72.0
Be

Means of 5 replicates having same capital letters in same column and small
letters in same row are not differ significantly (P>0.01). ’

The antimicrobial activity of marjoram oil could be referred to the action
of phenolic compounds of the oil on cellular membrane, destroying its
permeability, releasing intracellular constituents and cawsing membrane
malfunction in respect to electron transport, nutrients uptake, nucleic acid
synthesis and ATP ase activity (Skandamis et al., 1999 and Fisher, 2002}.

Physico-chemical properties of marjoram essential oil during storage
Physical properties
Specific gravity

Data in Table (5) showed very slight increases in specific gravity.
Changes in the specific gravity of marjoram essential oil during storage in three
types of containers were found to be in a sequence: aluminum bottles > colorless
glass bottles » brown glass bottles. The same trend was also found with samples
stored in refrigerator.

These data are in agreement with Maneva et al. (1985) who mentioned
that the changes in the physico-chemical properties of Bavender oil were more
pronounced when the samples kept in metal containers and added that glass
containers were more suitable for the preservation of oil,

Refractive index

The refractive index increased after 8 months of storage at room
temperature from 1.4750 to 1.4760 with the sample stored in brown glass bottles,
"while the oil sample in aluminum bottles had the highest increase in refractive index.
However, the storage in refrigerator improved the changes in the refractive index
through 8 months of storage from 1.4750 at zero time to 1.4758 as compared with
values of refractive index at room temperature as shown in Table (6).
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Aspergillus niger B8 i

; ' B :
Fig. (1): Effect of marjoram essential oil on the inhibition of fungi growth at
. different concentrations, A: Aspergillus niger and B: Penicillinm
expansum, -
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W8 Fusarium moniliform

F:g. (1 Cont.): Effect of marjoram cssentnal oil on the inhibition of fungi
srowth at different concentrations, C: Fu.-.arium moniliform

and D.: Aspergillus ﬂavus
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: ¥l Control SRR Eela ' T 100 1
Fig. (2): Zones of growth inhibition (mm) showing by activity of marjoram
essential oil at different concentrations in the culture medium pl /
disc against yeast strains, E: Pichia anomala and F: Rhodotorula
meinuita. ;




Fig. (3): Effect of marjoram essential oil on growth inhibition of Bacillus
cerens (G) and Escherichia coli (H) at different concentrations,
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Table (5): Effect of storage period, storage temperature and type of
container on specific gravity of marjoram essential oil.

Storage Room temperature Refrigerator temperature
temperature (30 £2°C) (5 £2°0)
of containers
Storage A* B C A B C
period (month)
Zero 0.83938 | 0.8938 | 0.8938 | 0.8938 ! 0.8938 | 0.8938
2 0.8955 | 0.8961 | 0.8965 | 0.8967 | (.8942 | 0.8960
4 0.8955 | 0.8969 [ 0.8967 | 0.8972 | 0.8964 | 0.9000
6 0.895¢ | 0.8979 | 0.8999 | 0.8983 | 0.8967 | 0.9017
8 0.8978 | 0.8986 | 0.5098 | 0.8980 | (L8980 | 0.9027

* A: brown bottles, B: colorless bottles, C: aluminum bottles.

Oda (1982) found that the geranium and cumin oils, which were stored
in glass containers, were well preserved and there were no major changes took
place in the refractive index, optical rotation and ester number, while storage in
aluminum containers caused partial hydrolysis of esters.

Table (6): Effect of storage period, storage temperature and type of
container on refractive index of marjoram esseatial oil,

Storage Room temperature Refriger:itor temperature
temperature (30 £2°C) 5 £2C)
of contaiers .
Storage A* B C A B C
period (month)
Zero 1.4750 } 1.4750 | 1.4750 | 1.4750 | 1.4750 | 1.4750
2 1.4751 | 1.4752 | 1.4754 | 1.4750 | 1.4750 | 1.4760
4 1.4752 | 1.4758 | 1.4760 | 1.475]1 | 1.4752 | 1.4766
6 1.4758 | 1.4760 | 1.4765 | 1.4755 | 1.4755 | 14770
8 1.4760 | 1.4765 | 1.4770 | 1.4758 | 1.4759

* A: brown bottles, B: colorless bottles, C: aluminum bottles.

Optical rotation .

Data in Table (7) revealed that values of optical rotation were constantly
decreased during the storage period at room and refrigerator temperaturcs. The
changes in optical rotation were more pronounced in the oil samples which were
stored in aluminum containers than in brown glass containers. The decrease in optical
‘rotation might be due to that the essential oil lost some of its optically active
constituents during the extended period. The obtained values were within the cited
data by Refaat ef al. (1990), similar results were obtained by Oda (1982). '

Chemical properties
Ester number : '

There was a great and rapid decrease in the ester number of the oil
samples which were stored at room temperature. On the other hand, the ester
number of marjoram oil during storage in refrigerator was somewhat stable. The
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highest decrease in the ester number was found at the end of the experiment (6.2,
6.0 and 3.2) for the oil samples stored in brown glass bottles, coloriess bottles and
aluminum bottles, respectively, (Table 8). Abou El-Fotouh (1977) confirmed the
destruction of ester constituents of lemongrass and cumin seed oils during storage
under similar conditions.

Table (7): Effect of storage period, storage temperature and type of
container on optical rotation of marjoram essential oil.

Storage Room temperature Refrigerator temperature
temperature 30 £2°C) {5 £2°C)
of containers
Storage A* B C A B C
eriod (month
Zero 21°7 | 21°7° | 21°7 ) 21°7 | 21°7° | 21°T
2 21°7 21°6" | 21°4° 21°3° 21°6° 21°6°
4 21°1° ] 21°1° | 20°8° | 21°7 | 21°° 21°%
6 20°9° | 20°7° ¢ 19°F | 21°5° ) 21°3° 21°5°
8 20°1° 1§ 20°3° | 17°8* | 21°3° | 21°F 21°1

* A: brown bottles, B: colorless botties, C: aluminum bottles.

Table (8): Effect of storage period, storage temperature and type of
container on ester number of marjoram essential oil.

Storage Room temperature Refrigerator temperature
temperature {30 £2°C) (5 £2°C)
of containers T 1
Storage A* B C A B C
eriod (month
Zero 137 13.7 13.7 13.7 13.7 13.7
2 12.6 8.4 57 13.6 13.7 13.3
4 7.1 7.3 4.8 13.6 13.6 13.3
6 6.7 6.8 3.9 13.6 13.5 132
8 6.2 6.0 3.2 i3.5 13.5 13.0

* A: brown bottles, B: colorless bottles, C: aluminun bottles.

Acid number : :

The data also indicated that there was continuous increase in the acid
number of the oil samples which were stored at room temperature for 8 months
than those stored in refrigerator temperature. The acid number was 0.3 at the
beginning of the experiment while was increased after 8 months of storage to 1.90
as shown in Table (9). This might be due to the partial hydrolysis of oil samples
during storage at reomn temperature.

Organoleptic evaluation of pickled cucumber

The scores of sensory properties of pickled cucumber are shown in
Tables (10, 11, 12, 13 and 14). It was found that, pickled cucumber contained
high concentrations of marjoram oil (100-160 ul / 100 mi brine solution) gave
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higher scores for taste, texture, appearance, flavor and color than that of the lower
concentrations (60-80 pl oil / 160 ml). The control sample (without addition of
marjoram oil) had the lowest valucs for most sensory properties.

Table (9): Effect of storage period, storage temperature and type of
container on acid number of marjoram essential oil.

Storage Room temperature Refrigerator temperature
temperature 30 £2°C) (5£2°0)
of containers
Storage A* B C A B C
peried (month |
Zero 0.30 0.30 0.30 0,30 0.30 0.30
2 0.30 0.30 0.30 0.30 0.35 0.36
4 0.37 0.46 0.96 .40 0.36 0.36
6 0.40 0.53 1.30 0.40 .36 0.67
8 0.60 0.60 1.90 0.40 (40 0.72

* A: brown bottles, B: colorless bottles, C; aluminum botties.

Table (10): Effect of marjoram essential oil concentrations on taste of pickled
cucumber during storage at room temperature.

Storage gl marjoram oil /160 mi brine solution
Period |, 60 80 100 | 120 | 140 160
(weeks) ]

*Zero | 90Ba | 9.0Ba 9 0Ba 9.0Aa | 90Ba 9.0Ea 9.0Ca
1 8.7Bc | 82Bbc | B.1Bbc | 8.3Abc | 7.5Aab | 7.0A1b | 6.8Aa
2 8.7Ba| 8.2Ba 80Ba | 8.5Aa | 8.0ABa| 7.5A3a | 7.5ABa
4 8.5Ba | 8.1ABa | 8.0Ba 85Aa | 8.5ABa | 7.9A3a | 79ABa
6 32Ba | 80ABa | 80Ba | 88Aa | 89Ba | 8.2ABa | 83BCa
8 75Aa | 7.8ABab | 7.9ABab | 88Ab | 90Bb | 88Fb | 89(h
10 72Aa; 75ABa | 75ABa | 92Ab | 90Bb | 9.0Bb | 9.0Cb
12 69Aa | 7.2Aa 70Aa | 9.5Ab | 90Bb | 2.0Bb | 9.0Cb

* Zero: the beginning of storage period.
Means of 10 panclists having same capital letters in same column and small
letters in same row are not differ significantly (P>0.01).

This may be due to the growth of undesirable yeasts and molds which
able to produce celiulolytic and pectinolytic enzymes and caused sofiening and
mushy in texture as mentioned by Vaughn (1985). These results are in harmony
with that found by Stamer (1988) who reported that, the growth of Rhodotorula
sp. and Saccharomyces sp.have been shown to degrade the texture of pickles by
an active extracellular polygalacturonase enzyme system and caused softening
and bloater defect. Storage of pickled cucumber contzined 60 and 80 pl oil / 100
ml brine for 12 weeks recorded less scores than of pickled samples conlained
100-160 pl oil / 100 ml brine. Generaily, addition of different levels of marjoram
oil (100-160 pl) into the brine solution improved scnsory scores of pickled
cucumber stored for 12 weeks as compared with other samples.
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Table (11): Effect of marjoram essential ml concentrations on texture of

1= Storage ' _ plmaoram 0il/100 ml brine solution
period

60 80 100 120 140

9.1Ca 9.1Ca 9.1Aa | 9.1Aa | 9.1Aa
8§.8BCa | 8.9Ca 9.0Aa | 9.1Aa | 9.1Aa
8.8Ca 8.8Ca 9.0Aa | 90Aa | 9.0Aa
8.5BCab | 8.5BCab | 9.0Ab | 9.0Ab | 9.0Ab
83Bb | 8.1BCH | 9.0Ab | 9.0Ab | 9.0Ab
79ABb | 7.9Bb 9.0Ac | 9.0Ac | 9.0Ac
9.0Ac | 9.0Ac | 9.0Ac

Table (12): Effect of marjoram essential oil concentrations on appearance of
pickled cucumber durin storage at room tem perature,

(i se Sl S e s

| Storage pl mar,ornm  0il /100m| brine solution
’ (zi':;::) 60 80 100 | 120 | 140
| *Zero . 9.0Ca 9.0Ca 9.0Aa | 9.0Aa | 9.0Aa
' 9.0Ca 9.0Ca | 9.0Aa | 9.0Aa | 9.0Aa
8.9Ca 8.9Ca 9.0Aa | 90Aa | 9.0Aa
8.8BCa | 8.8BCa | 9.0Aa | 90Aa | 9.0Aa
8.5BCa | 8.5BCa | 9.0Aa | 9/0Aa | 9.0Aa
8.0BCa | 8.0BCa | 9.0Aa | 90Aa | 90Aa
7.8ABa { 7.7ABa | 9.0Aa | 9.0Aa | 9.0Aa
9. OAc

Table (13): Effect of marjoram essential oil concentrations on flavor of
lckled cucumher dunn storage at room temperature,

Ima]oa 0il/100 ml brine solution
60 80 100 120 1490
9.0Da 90Da | 9.0Aa | 9.0Aa | 9.0Ba
8.7D¢ 8.7Dc | 8.5Ac | 78Aab | 7 5Aa
8.7Db 8.7Db | 8.5Ab | 7.9Aab | 7.8Aab
8.5Db 8.5Ch | 8.6Ab | 7.9Aab | 7.9Aab
8.2CDa ! 82CDa | 8.6Aa | 8.0Aa | 8.0Aa
7.5BCa | 7.6BCab | 8.8Ab | 8.0Aab | 8.0Aab

7.0Ba | 7.2Bab | 9.0Ac | 8.1Abc | 8.0Ab
6.0Ab .0Ab . 8.5Acd | 8.0Ac

* Zero: the beginning of storage period.
Means of 10 panelists having same capital letters in same column and small
letters in same row are not differ significantly (P>0.01).
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Table (14); Effect of marjoram essential oil concentrations on color of
pickled cucumber during storage at room temperature.

ul marjra W “
60 80 100 120 140

9.1Da 9.1Ca | 9.1Aa | 9.1Aa | 9.1Aa
9.0Da 9:1Ca | 9.1Aa | 9.0Aa | 9.0Aa
9.0Da 9.1Ca | 90Aa | 9.0Aa | 9.0Aa
8.5CDa | 8.7CBa | 9.0Aa | 9.0Aa | 9.0Aa
8.3BCab | 8.5BCab | 9.0Ab | 9.0Ab | 9.0Ab
8.0BCa | 8.0Ba | 9.0Ab | 9.0Ab | 9.0Ab
7.5ABb | 7.8ABb 9.0Ac | 9.0Ac
7.0Ab . . : 9.0Ac

* Zero: the beginning of storage period.
Mcans of 10 panelists having same capital letters in same column and small
letters in same row are not differ significantly (P>0.01).
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