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ABSTRACT

A 4 x 2 factorial experiment was consummated during the two
successive seasons of 2010 and 2011 at North Sinai Agric. Res. Station —
Med. & Aroma. Dept., El-Arish City, North Sinai Governorate, Egypt to
assess effect of packaging type (unpackaging, paper bags, foam dishes
covered with cellophane or foam dishes covered with shrank film),
keeping conditions on shelf (uncooling "25T and 25 — 40 % RH" or
cooling "in refrigerator at 5t/ C and at 70-80% RH") and their
interactions on quality and shelf life of Salvia officinals L. herb.

Packaging fresh sage herb in foam dishes covered with cellophane
or shrank film reduced tissues respiration rate and weight loss,
simultaneously kept herb quality since under these packaging treatments
the herb contained the highest values of chlorophyll a & b and essential
oil percentage comparing to unpackaged (control) or packaged herb in
paper bags.

Keeping sage herb at low temperature (5+/ C) and high RH (70-
80%) reduced respiration rate and weight loss%, but recorded the
highest values represented chlorophyll a & b and essential oil % as
compare to putting herb on shelf at room temperature (25 C and 25 — 40
% RH). Generally, these effects were reflected as doubling shelf life of
kept herb under cooling conditions comparing to longevity of herb kept
in the room temperature.

For interaction treatments between packaging types and keeping
conditions, generally keeping the packaged sage herb in foam dishes
covered with cellophane or shrank film in refrigerator at cool
temperature and high RH resulted in the least respiration rate correlated
with the highest contents of essential oil and chlorophyll in herb tissues.
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Also, the same two interaction treatments increased the most main
components of the extracted essential oil and significantly increased
shelf life duration of herb comparing to the most other interaction
treatments.

Conclusively, results of such research suggest possibility of
packaging sage herb in foam dishes covered with cellophane or shrank
film and kept it in refrigerator at 5/ C and at 70-80% RH for
maintaining herb quality and for increasing shelf life duration. Chose
cellophane or shrank film for dish covering may be related to the price,
exportation and herb marketing.

Key words: Salvia Officinals L., Herb Quality, Shelf Life, Packaging
Type, Keeping Conditions, Shelf

INTRODUCTION

Salvia officinalis L. (sage, also called garden sage, or common sage) is a
perennial, evergreen sub-shrub, with woody stems, grayish leaves, and blue to
purplish flowers. It is a member of the family Lamiaceae and is native to the
Mediterranean region, though it has naturalized in many places throughout the
world. It has a long history of medicinal and culinary use, and in modern times
as an ornamental garden plant (Simon et al., 1984). Also, the common name
"sage" is also used for a number of related and unrelated species. In addition,
Kianbakht et al. (2011) stated that sage has for generations been listed as one
of the essential herbs, along with parsley, rosemary and thyme. It has a savory,
slightly peppery flavor. It appears in many European cuisines, notably Italian,
Balkan and Middle Eastern cookery. Common sage is grown in parts of
Europe for distillation of an essential oil, though other species such as Salvia
fruticosa may also be harvested and distilled with it. The essential oil contains
cineole, borneol, and thujone. Sage leaf contains tannic acid, oleic acid,
ursonic acid, ursolic acid, carnosol, carnosic acid, fumaric acid, chlorogenic
acid, caffeic acid, niacin, nicotinamide, flavones, flavonoid glycosides, and
estrogenic substances.

According to Moran (1982), the all the post-harvest principles that apply
to leafy green tissues, also apply to the handling of fresh herbs. Despite the
diverse botanical origin of the fresh herbs, the optimum post-harvest
temperature for fresh thyme, oregano, rosemary, mints, sage, parsley, cilantro,
savory, dill and tarragon is zero °C, and under controlled conditions, a shelf
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life of 3 to 4 weeks can be achieved at this temperature (Kianbakht et al. 2011;
and Rashed and Younis, 2010).

Packages are convenient units for marketing and distribution of
horticultural products, and they have many special requirements packages
must protect the contents against damage during distribution and must
maintain their shape, often for long periods at a relative humidity near
saturation and sometimes after water drenching (Kintzios, 2000). The most
suitable packaging material for extending shelf life of clearly stalks were poly
ethylene, shrank-film, cellophane and polypropylene.

Although the consumption of fresh- cut sage has increased in the past
decade, little information was found on its post-harvest handling conditions
according to the available literature.

Therefore, the objective of this work was to evaluate the effect of
package materials, shelf keeping conditions and their interactions on quality
and shelf life of fresh Salvia officinalis L. herb.

MATERIALS AND METHODS

This investigation was consummated during the two successive seasons
of 2010 and 2011; at North Sinai Agric. Res. Station Lab., Med. & Aroma.
Dept., EI-Arish City, North Sinai Governorate, Egypt to evaluate the effect of
packaging type, shelf conditions and their interactions on fresh herb quality
and shelf life of sage (Salvia officinalis, L.) herb.

Sage herb source:

On July 15" of the two tested seasons of 2010 and 2011, uniform grown
sage plants which previously planted (on March 30™) at the Expt. Farm
Station, Agric. Res. Center, El-Arish City, North Sinai Governorate and
received the normal agricultural practices were harvested. Harvesting was
done at early morning by cutting plant herbs about 5 cm above the soil
surface. Harvested herbs were immediately transported to the Post-harvest
Lab., Agric. Res. Center, El-Arish City, North Sinai Governorate. With arriving
to the Lab., the defect herbs were eliminated; healthy herbs were washed using
sodium hypochlorite solution (1 mg/ L) for 1 minute and centrifuged to
remove the excess water. Clean herbs were weighted to samples, 100 g herb
for each sample. Herb samples were gently tied separately using cotton tapes.
Then, herb samples were packaged according to the design treatments.
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Packaging treatments:

Herb samples were set to packaging in four types as follows:
1. Without packaging for control.
2. Packaging in paper bags.
3. Packaging in foam dishes covered with cellophane.
4. Packaging in foam dishes covered with shrank film.

The paper bag dimensions were 25 X 15 cm. It was perforated, white in
color and containing adhesive for closing. While, the foam dish dimensions
was 25 x15 x 4 cm, and it was containing four perforate, each about 5 mm in
diameter.

Herb was packaged as one sample (100 g herb) per each package, and
then packages were well sealed according the abovementioned treatments.
Herb of control treatment was bare without any cover. Ten packages were
represented as one replicate.

Shelf keeping conditions:
The packaged sage herbs were subjected on shelf to two conditions as
follows:
1. Room conditions: It was conducted by putting packaged herbs on shelf
without cooling at 25+1 C and at 25 — 40 % relative humidity.
2. Cool conditions: It was conducted by putting packaged herbs in
refrigerator at 51 C and at 70-80% relative humidity.

The experimental design:

Such experiment included 8 interaction treatments which were the
combinations between the 4 tested packaging levels and the 2 tested shelf keeping
condition levels. The experimental treatments were arranged as a factorial experiment
(4 x 2) in a completely randomized design, each treatment was represented with 3
replicates and each replicate was represented with 10 packages.

Data recorded:

Since shrivel symptoms were quickly began on herb of control treatment
during 2 to 3 days after keeping on shelf, herb quality was evaluated for all
treatments during the two tested seasons after 3 days of keeping on shelf.
However, herb quality was determined as follows:

1. Fresh weight loss percentage: It was calculated according the following
equation:

Weight loss % = (Initial weight - Final weight) / (Initial weight x 100).
Since, Initial weight was 100 g per fresh sample.
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2. Chlorophyll a and b (mg/g fresh weight): Fresh leaf disc samples were
used to determine chlorophyll a and b according to the method described by
Moran (1982).

3. Volatile oil determinations: Volatile oil was extracted using steam
distillation in Clevenger apparatus for three hours, and then oil percentage of
the fresh herb was calculated according to the method described in British
Pharmacopoeia (1963). In addition, during the 2™ season the main
components in extracted essential oil samples of each treatment were
determined as percentages using GC/Mass analysis on a Hewlett-Packard
5985 coupled with a HP MS instrument system.

Besides that, respiration rate as mg CO,/ kg herb/ hour was determined
according to Bower et al. (1998). Finally, shelf life duration was recorded.
Shelf life duration was ended at about 30 % decay of herb; at this point the
sage herb is unmarketable.

Statistical analysis
The obtained data were subjected to statistical analysis according to Snedecor
and Cochran (1980). The results were analyzed using factorial analysis of
variance, according to the following model:
Yhik=H+Pr+Si+PShi+eni
Where: Y} ik = Any observation; g = Overall mean, P, = Effect of packaging
type (h =1, .... 4); S; = Effect of Shelf conditions treatments (i = 1,2); PSy; =
Effect of interaction between packaging type and shelf conditions treatments
(hi=1,2....... ,8) and epix= The random error.
Mean separation was done using least significant difference test at 5% level
(Steel and Torrie, 1980). Analysis of variances and mean comparison were
performed using SPSS Software Version 20 (SPSS, 2010).

RESULTS AND DISCUSSION

1- Effect of packaging type, keeping conditions on shelf and their interactions
on Salvia officinals L. fresh herb shelf life during 2010 and 2011 seasons :

For the effect of packaging type, the data in Table 1 showed that the
longest shelf life period occurred with Shrank-Film packages (9.5 and 9.15
days in two seasons respectively) followed by cellophane packages (8.3 and
8.15 days in two seasons respectively) while, the shelf life period in non-
packaged herb gave the lowest shelf life average (3.3 and 3.0 days in two
seasons, respectively).
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Table 1: Effect of packaging type, keeping conditions on shelf and their
interactions on Salvia officinals L. fresh herb shelf life during 2010 and

2011 seasons
Storage conditions
S

® Uncooling | Cooling | Mean| Uncooling| Cooling | Mean

Packaging type (P)
1% Season 2" Season

Unpackaged 2.30 3.40 3.30 2.00 4.00 | 3.00
Paper bags 3.30 6.00 4.65 3.30 6.30 | 4.80
Foam dishes covered with 6.30 103 | 830 | 500 | 11.3 | 815
cellophane
Foam dishes covered with 7.00 120 | 950 | 630 | 120 | 915
shrank film
Mean 7.00 12.0 - 4.15 8.40 -
L.S.D. at 0.05 for: 5=0.04, P=0.04, Sx P=0.01 | S=0.04, P=0.04, SxP=0.01

For the influence of the keeping conditions of the shelf life period
increased significantly when keeping in the refrigerator compared with room
temperature.

Generally, data in Table 1 showed that the longest shelf life duration of
storing with Shrank-Film packages was followed by cellophane packages
especially with cooling (12 and 11.30 days respectively) while, the shelf life
period in non-packaging herb and with paper packages were less even under
cooling (4 and 6.30 respectively). These results may be due to a temperature in
the most important factor affecting the longevity of harvested herbs [20] and
film wrapping will reduce chilling injury and maintain internal quality even
under optimum Keeping conditions (Cantwel & Reid, 2002; Rizzo and
Muratore, 2009).

2- Effect of packaging type, keeping conditions and their interactions on
fresh weight loss, chlorophyll a & b and essential oil percentage of
Salvia officinals L. herb during 2010 and 2011 seasons:

The recorded data in Table 2 showed significant differences in fresh
weight loss, chlorophyll a & b and essential oil percentage of Salvia officinals
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Table 2: Effect of packaging type, keeping conditions and their interactions
on fresh weight loss, chlorophyll a & b and essential oil percentage
of Salvia officinals L. herb during 2010 and 2011 seasons.

weli:grr?frlloss Chlorophyll (mg/g F.W.) Essential oil
Treatments %) A B (%)
1st | 2nd 1st | 2nd 151 | 2nd 1st | 2nd
Main effect of packaging type
Unpackaged 441 | 446 | 139 1.37 034 | 038 | 147 153
Paper bags 217 | 2712 | 200 1.96 048 | 047 | 188 1.78

Foam dishes covered with | 195 | 1.88 | 250 | 256 | 085 | 086 | 1.97 1.90
cellophane

Foam dishes covered with | 148 | 155 | 285 | 199 | 096 | 093 | 223 2.25
shrank film

L.S.D. At0.05 0.34 | 042 | 0012 | 0012 | 0.012 | 001 | 0.07 0.07
Main effect of keeping conditions

Uncooling 236 | 243 | 204 156 059 | 062 | 182 171
Cooling 207 | 203 | 232 2.37 071 | 0.70 | 1.95 201
L.S.D. At0.05 028 | 034 | 0.08 0.08 008 | 008 | 0.06 0.06

Interaction effect of packaging type X keeping conditions

Uncooling | 483 | 502 | 129 122 030 | 036 | 130 1.36
Cooling 399 | 389 | 149 151 038 | 040 | 165 1.70

Unpackaged

Uncooling | 31.8 | 323 | 199 1.85 041 | 045 | 185 1.60
Cooling 237 | 221 | 201 2.06 055 | 050 | 1.92 1.95

Paper bags

Foamdishes | Uncooling| 220 | 1.85 | 232 | 230 | 079 | 081 | 195 1.81

covered with -

cellophane | Cooling [ 170 | 1.90 | 276 | 281 | 090 | 091 | 198 | 199

Foam dishes Uncooling | 123 | 128 2.66 0.78 0.89 0.87 2.20 2.10

covered with -

shrank film | Cooling | 174 | 181 | 303 | 310 | 102 | 099 | 225 | 240

L.S.D.0.05 0.08 | 0.10 0.02 0.02 0.02 0.02 0.11 0.02
1% = First season 2" = Second season

L. herb during 2010 and 2011 seasons due to the effect of packaging type,
keeping conditions and their interactions. Also, the most important results of
our variables were as follow:
1- A- Fresh weight loss:

Weight loss is a physiological event in fresh herbs that can be limited by
controlling Keeping temperature and humidity, but also by using appropriate
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packaging. In our investigation, the presented data in Table 2, showed that
unpackaged (control) recorded the highest significant weight loss % was
higher than 44 % which the visual value of these plants becomes unsuitable
after 6 days in the two seasons followed by paper cases which were near 27 %
after 6 days in the two seasons. However, weight loss % in cellophane
packages were lower than 2%, followed by Shrank-Film package which was
near 15 % in the two seasons.

For the type of package, the data in Table 2 showed that the best results
occurred with the lowest percentage of weight loss percentage which recorded
with cellophane packages (1.95 and 1.88 % in two seasons respectively) while,
the largest weight loss percentage was occurred with non-packaged herb
(44.10 and 44.55 % in two seasons, respectively). For the effect of the keeping
conditions, the weight loss percentage decreased when the herb kept in the
refrigerator compared with room temperature.

Generally, the data indicated that the lowest weight loss percentage
found with cellophane packages especially with cooling (1.70 and 1.85 % in
two seasons respectively). So, the data indicated that the best significant
results occurred with cellophane and Shrank-Film packages with cooling
treatment through the two seasons compared with the traditional packages
which gave the highest percentage of weight loss.

The reduced total weight loss of herb in cellophane package condensation
and keeping quality beyond 10 days. This result may be due to the better balance
2 between CO and O concentrations inside the packaged which was achieved by
faster cooling rate and pre-cooling improved the keeping quality of all the other
yellowing susceptible herbs (Rashed, 2007 and Abdel-Kader et al., 2009).

2- B- Chlorophyll (a) and (b) mg/g F.W:

Color is the most evident parameter by which consumer’s salvia quality
and so data in Table (2) revealed that chlorophyll (a) and (b) were as an
indicator to herb color. The unpackaged treatment recorded the lowest
significant chlorophyll-a (1.39 and 1.36 mg/g F.W in two seasons,
respectively) and chlorophyll — b (0.34 and 0.38 mg/g F.W in two seasons,
respectively) at the end of shelf life period comparing with other packages.
The shrank-film package recorded the highest significant chlorophyll-a (2.85
and 1.99 mg/g F.W in two seasons, respectively) and chlorophyll —b (0.96 and
0.93 mg/g F.W in two seasons, respectively).

For the influence of the keeping conditions of the uncooling treatment
recorded the lowest significant chlorophyll-a (2.04 and 1.56 mg/g F.W in two
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seasons, respectively) and chlorophyll —b (0.59 and 0.62 mg/g F.W in two
seasons, respectively) at the end of shelf life period comparing with cooling
treatment which recorded the highest significant chlorophyll-a (2.2.32 and
2.37 mg/g F.W in two seasons respectively) and chlorophyll —b (0.71 and 0.70
mg/g F.W in two seasons, respectively).

Generally, the data indicated that the shrank-film package under
cooling treatment recorded the highest significant chlorophyll-a (3.03 and 3.10
mg/g F.W in two seasons respectively) and chlorophyll —b (1.02 and 0.99
mg/g F.W in two seasons respectively). In most cases it was a little variation
between Shrank-film and cellophane cases especially with cooling condition
through keeping (Kuenwoo et al., 2000; Rashed, 2007 and Hagen, et al.,
2009).

2 — C- Essential oil percentage:

Data in Table 2 showed significant differences in the percentage of the
volatile oil, which due to packages type, Keeping conditions and their interaction.

Also, the package treatments gave the best volatile oil % compared to
unpackaged one after the shelf life. In addition, the data in Table 2 showed that
the biggest volatile oil percentage occurred with Shrank-Film packages (2.23 and
2.25 % in two seasons respectively) followed by cellophane packages (1.97 and
1.90 % in two seasons respectively) while, in non-packaged herb gave the lowest
oil percentage (0.34 an 0.38 % in two seasons respectively).

For the influence of the keeping conditions of the oil percentage was
higher when the herb kept in the refrigerator (1.95 and 2.01 % in two seasons,
respectively) than with room temperature (1.82 and 1.71 % in two seasons,
respectively).

Generally, shrank-film packages under cooling condition through two
seasons (2.25 % and 2.40 % in two seasons respectively). In the same trend,
the 0il% recorded an increasing percentage under cooling conditions for all
packages types. This may be due to the effect of the higher respiration rates on
product temperature, decomposition of organic matter, transpiration losses,
reduction in external quality traits and decline inactive constituents (Bottcher
et al., 2001 and Rashed, 2007).

3- Effect of packaging type, keeping conditions on shelf and their
interactions on essential oil main components during 2011 season

At the end of the shelf life of each type of packages the data in Table 3
reported that GC/MS analysis of the volatile oil resulted in the identification of
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Table 3: Effect of packaging type, keeping conditions on shelf and their
interactions on essential oil main components during 2011 season

Essential oil main components (%)
o- o- B-
Treatments Thujone Camphor | Pinene | Thujone | Camphene C'1’8
ineole
Uncooling 32.0 18.9 3.19 3.63 2.15 0.85
Unpackaged
Cooling 35.1 20.1 4.13 4.50 2.80 0.89
Uncooling 33.2 21.2 3.99 3.99 2.50 1.01
Paper bags
Cooling 35.6 23.6 4.55 4.20 2.99 1.19
Foam dishes | Uncooling 38.0 22.9 4.32 4.99 2.97 1.35
covered with
cellophane | Cooling 39.9 24.9 5.96 5.01 3.01 1.89
Foam dishes | Uncooling 38.3 24.3 5.50 5.21 3.12 1.51
covered with
shrank film | Cooling 41.0 26.2 6.11 5.65 3.55 1.90

47 constituents, which account for 94.90% of the oil. Its chemical composition
is characterized by high amounts of a-thujone, camphor, a-pinene, B-thujone,
Camphene and 1, 8 Cineole. In the same trend, the best type of package which
keeps the main components of the volatile oil in high percentage was Shrank-
film package under cooling condition followed decently by cellophane
package under cooling condition in the end of shelf life duration.

On the other hand, the package which keeps the main components of the
volatile oil in lowest value was unpackaged herb under non-cooling condition
followed by cellophane package under non-cooling condition in the end of
shelf life duration. This is based on the fact that temperature cause depletion of
respiratory substrates, resulting in oxidizing conditions, while cool
temperature preserve high levels of respiratory substrates and thus maintaining
reducing conditions (LIMA, 2004 and Kenned & Wightman, 2011).
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4- Effect of packaging type, keeping conditions on shelf and their
interactions on respiration rate (mg CO, /kg/ h) of Salvia officinals L.
fresh herb during 2010 and 2011 seasons:

The data in Table 4 showed that unpackaged herb recorded the highest
significant respiration rate in the end of herb shelf life followed by paper
packages. On the other hand, Shrank-Film package reduced respiration rate
during Keeping period. However, the herb under cooling conditions gave the
lowest rate of respiration (CO2 mg/kg/hr).

Table 4: Effect of packaging type, keeping conditions on shelf and their interactions
on respiration rate (mg CO, /kg/ h) of Salvia officinals L. fresh herb during
2010 and 2011 seasons

Storage conditions

) Uncooling | Cooling | Mean | Uncooling | Cooling | Mean

Packaging type (P)
1% Season 2" Season

Unpackaged 115.3 100.1 107.7 111.3 98.1 104.7
Paper bags 108.9 90.0 99.5 106.8 89.1 98.0
E;?&ﬁ;sntes covered with 80.1 603 | 702 [ 79.1 601 | 69.6
Foam dishes covered with 75.2 553 | 653 | 73.9 538 | 63.9
Mean 94.9 764 | - 92.8 75.3
L.S.D. 0.05 for: 5=5.20, P=5.20, S xP=9.36 | S=4.30, P=4.30, SxP=8.51

Moreover, Shrank-Film under cooling scored the best type of package.
The results indicated that the respiration rate is an important parameter to
prolong the visual quality of fresh herb production this may be attributed to
the polypropylene 2 film better for the modified atmosphere (CO, and Oy)
inside the package and Shrank-Film at 8 um film (CE80) was 2 high in
contents of CO, and ethylene (Abdel-Kader et al 2009 and Vandekinderen et
al 2009).

Conclusively, from these results of such research suggest possibility of
packaging sage herb in foam dishes covered with cellophane or shrank film
and kept it in refrigerator at 5+1C and at 70-80% RH for maintaining herb
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quality and for increasing shelf life duration. Chose cellophane or shrank film
for dish covering may be related to the price, exportation and herb marketing.
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