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ABSTRACT

Fresh culinary herbs are one of the fastest growing markets for gourmet
production on a world wide scale. Some herbs are sold fresh rather than dry because
they do not retain their flavor when dried. Rosemary (Rosmarinus officinalis, L.) plant
is an important aromatic culinary herb.

A study was carried out during two successive summer seasons 2006 and
2007, at the Post Harvest Lab in the Veget. and Flor. Dept., Fac. of Agric., Monsoura
Univ. Fresh rosemary herbs were packaged in nine different packaging materials:
Butter bags (P1), Cellophane bags (P2), Nylon bags (P3), Polyethylene bags (P4),
Aluminum foils (P5), Aluminum plates covered with foil (P6), Aluminum plates covered
with plastic film (P7), Foam plates covered with foil (P8), Foam plates covered with
plastic film (P9). The packages were stored at (room atmosphere, 1, 3, and 5 °C) for 6
weeks.

This study was conducted to study the effect of cold storage and different
packaging materials on the quality of rosemary fresh herb.

This part (I): aimed to investigate the effect of cold storage temperatures and
different packaging materials on the marketing visual quality and shelf life of fresh
rosemary herb.

The results showed that increasing storage period resulted in increasing of the
fresh weight loss and decreasing the total chlorophyll content. While, the shortest
storage period of the herb, the less the changes in their fresh weight, and the slowest
the chlorophyll degradation.

Herbs kept in Butter bags (P1) lost their fresh weight faster and sharper than
those kept in other packaging materials, while those in Aluminum foils (P5) were the
least to lose weight and had steadier pattern than the other packaging materials.
Herbs kept in Butter bags (P1) and Foam plates covered with plastic film (P9) had
lower chlorophyll content than other packages.

At the end of the storage period (after six weeks), herbs kept in Aluminum foils
(P5) and Aluminum plates covered with foil (P6) had the least fresh weight loss
percentage, and the highest chlorophyll content in both seasons. It is also clear that
Aluminum foils (P5) and Aluminum plates covered with foil (P6) kept the chlorophyll
content of the herb at high values for long period especially at 1°C.

The shelf life of the three storage temperatures varied slightly among each
other's but significantly with room temperature, with favor to the lower cold
temperature. The worst package was Butter bags (P1) in both summer seasons.
Aluminum foils (P5), Aluminum plates covered with foil (P6), and Foam plates covered
with foil (P8) had longer shelf life than other packaging materials.

Summing up all factors, herbs in Aluminum foils (P5) and Aluminum plates
covered with foil (P6) stored at 3 °C maintained their fresh weight, chlorophyll content,
and achieved longer shelf-life than other treatments in both seasons.
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INTRODUCTION

Herbs are used for food supplements, cooking, medicines, cosmetics,
aromatherapy, and many other products. Fresh culinary herbs are one of the
fastest growing markets for gourmet production on a world wide scale,
(Kowalchik et al., 1998). Some herbs do not retain their flavor when dried
and must be used fresh. These fresh culinary herbs are; basil, sage, chives,
oregano, dill, marjoram, mint, parsley, rosemary and thyme, (Cantwell, 1996).

Rosemary (Rosmarinus officinalis L.) is one of many nature herbs that
to be stored because it increase applicants in last period. Rosemary plant is
an evergreen shrub of the mint family Lamiaceae (also known as rosa maria)
was famous "for strengthening the memory" as long as 2,000 years ago,
(Keville, 1999).

Fresh culinary herbs are variable in botanical origin and in their post
harvest properties. The best post harvest conditions for preservation of fresh
rosemary herb include storage at low temperature with using different
packing materials, (Cantwell and Reid, 1993). Under this condition, a shelf life
of 6 weeks can be expected, (Rogers and Fischetti, 1994).

Temperature is the most important factor in maintaining quality after
harvest. The optimum post harvest temperature for fresh thyme, oregano,
rosemary, mints, sage, parsley, cilantro, savory, marjoram, dill, and tarragon
is 0 °C. Under controlled conditions, a shelf life from 3 to 4 weeks can be
achieved at this temperature. Most herbs, storage at 0 °C with >95% RH is
required to optimize quality and storage life. Expected shelf life is 3 weeks at
0 °C and 2weeks at 5 °C, (Cantwell, 1996).

Moisture loss is the second most important post harvest factor affecting
the quality and shelf life of herbs. Most herbs respond favorably with very
high humidity (>95%). Water loss can severely degrade quality, and the
relative humidity inside the storage unit directly influences water loss of the
product, (Wilson et al., 1995). Lowering the holding temperature to the
recommended levels also greatly reduces water loss. The herbs keep better
at low temperatures close as possible to 0°C. The relative humidly in the
packing area, cold rooms, and transport vehicles should be maintained at a
high level (>95%), (Joyce and Reid, 1986).

Herbs can be packaged in bags designed to minimize water loss and
store refrigerated, (Bhide, 2006). When herbs are packaged this way, it is
particularly important to maintain constant temperatures, to reduce
condensation inside the bag and the consequent risk of fungal or bacterial
growth. The bags may be partially ventilated with perforations, or may be
constructed of a polymer that is partially permeable to water vapor, (Cantwell,
1992). Most fresh herbs of the Labiate's family keep well when packed in
cartons lined with folded perforated polyethylene (PE), in which water loss,
leaf abscission and decay are minimal, (Aharoni et al., 1993). The salad mix
contained the leafy herbs was stored at 0, 5, or 10 °C for 14 days in
perforated or non perforated polypropylene bags, (Tomkins and Channell,
2000).

Quality characteristics are largely visual and include appearance of
freshness, uniformity of size, form and color, lack of defects (damaged or
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yellowed leaves, decay, insect damage, wilting). Characteristic aroma is
essential for culinary herb quality, (Cantwell, 1996). Kmiecik et al. (2001)
found that the content of chlorophyll in dill was reduced by 17 - 30 % after 14
days of storage in the cold room at 1 °C. The chlorophyll content of packaged
herbs was best maintained at the lower storage temperatures between 3 and
10 °C, and yellowing of the packaged herbs was affected by the storage
temperature, (Sankat et al., 1996). Freshly harvested spearmint herbs stored
at 0 and 5 °C, and sweet basil stored at 5 and 10 °C also retained high
chlorophyll “a and b” contents, (Al-Kershi, 2003).

This research aimed to study the effects of different cold storage
temperatures along with different packaging materials on the storage ability
and marketing visual quality (expressed as changes in the fresh weight and
chlorophyll content) and shelf- life of fresh rosemary herbs.

MATERIALS AND METHODS

The present study was carried out at the Post harvest lab in the Veget.
and Flor. Dept., Fac. Agric Monsoura Univ. during two successive summer
seasons (2006) and (2007). Plant samples of Rosemarinus officinals L.,
(rosemary) were taken from mother plants grown in the Medicinal and
Aromatic Plants Farm, Fac. Agric Monsoura Univ. Rosemary plants were
harvested on the first week of July in both summer seasons. Early in the
morning and before harvesting, plants were gently washed in the field with a
water hose to remove the field dust off the plants. Two hours later, plants
were harvested by cutting the herb 10cm above soil surface without bruising
or injuring the leaves and stems. The cut herbs were carried to the lab and
placed on tissue paper for one hour to cool down and fanning before storage.
Fresh herb samples (50g each) were weighed and packaged in nine different
packaging materials:

1- Butter bags (P1). 2- Cellophane bags (P2). 3- Nylon bags (P3)
4- Polyethylene bags (P4). 5- Aluminum foils (P5)

6- Aluminum plates covered with foil (P6)

7- Aluminum plates covered with plastic film (P7)

8- Foam plates covered with foil (P8)

9- Foam plates covered with plastic film (P9)

The first four treatment (P1, P2, P3, and P4), bags were perforated to
airing. The different packages were divided into four groups; the first group
was left in the lab at room atmosphere, while the other three groups were
placed inside refrigerators and stored at three different temperatures (1, 3
and 5 °C). The samples were examined every week until the end of the shelf
life of the herb. During storage periods, weight of herbs and chlorophyll
content were measured weekly for comparison with control samples that
stored at room atmosphere.
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Data recorded:

1-Initial fresh weight of the samples was set as 509 for each replicate.

2-  Weight loss (%): Every week, five plant samples were randomly taken
from each packaging material under each storage temperature (total 20
samples for each package), weighed and the percentage of their weight
loss was calculated as the percentage of the difference between the
initial weight and the recorded ones at the date of sampling.

3- Total chlorophyll content (mg / 100g FW): Every week, five plant
samples were randomly taken from each packaging material under each
storage temperature their chlorophyll was calorimetrically measured as
described by Herbert et al. (1971), and the total chlorophyll content was
determined mg chlorophyll / 100 g herb FW.

4-  Shelf-life (weeks): Every week, five plant samples were randomly
taken from each packaging materials under each storage temperature
and their shelf-life was measured with number of weeks for marketable
herbs after each storage period. Shelf-life was terminated when the
herbs lost more than 20 % of their initial fresh weight, lost appearance of
freshness and color, or showed some defects such as yellow leaves,
decay, or growth of fungus.

Experimental design

The experimental design was factorial experiment in complete
randomized blocks design with three replicates, each replicate contained
twenty packages. All the plants stored inside nine different storage materials
at four storage temperatures (room, 1, 3 and 5 ° C) for 6 weeks storage
periods.

Statistical analysis:

Data of the present study were statistically analyzed and the
differences between the means of the treatments were considered significant
when they were more than least significant differences (L.S.D) at the levels of
5 % according to Gomez and Gomez (1984).

RESULTS AND DISCUSSION

I. Effect of cold storage and packaging materials and their interactions
on fresh weight loss (%) of rosemary herb:

Figure (1) clearly shows that herbs kept at room atmosphere lost their
fresh weights faster and sharper than those stored in the refrigerators that
lost their fresh weights at almost the same pattern until the end of the third
week. However, those stored at 1 °C showed slightly less changes in their
fresh weight than those stored at 3 °C or 5 °C after the third week and until
the end of the sixth week of storage. Similarly, Al-Kershi (2003) reported that
freshly harvested spearmint and sweet basil in higher temperature (20 °C)
had higher weight loss than those stored at 0 °C or 5 °C. The effect of low
temperature could be attributed to its effect in reducing water loss from the
herb as mentioned by Joyce and Reid (1986) who reported that lowering the
holding temperature to the recommended levels greatly reduces water loss.
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Figure (1): Fresh weight loss (%) of rosemary fresh herbs stored at
room temperature, 1, 3 and 5°C throughout 6 weeks storage
period (Mean of both summer seasons 2006 and 2007).

Figure (2) clearly shows that herbs in all packages continued to lose
their fresh weight with increasing the length of storage period. The figure
shows that packing materials lost their fresh weights at different patterns.
Herbs kept in Butter bags (P1) lost their fresh weight faster and sharper than
those kept in other packaging materials, while those in Aluminum foils (P5)
were the least to lose weight and in a steadier pattern than the other herbs.
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Figure (2): Fresh weight loss (%) of rosemary herbs stored in different
packaging materials* throughout their 6 weeks storage
period (Mean of both summer seasons 2006 and 2007).

* Butter bags (P1) Cellophane bags (P2)

Nylon bags (P3) Polyethylene bags (P4) Aluminum foils (P5)
Aluminum plates covered with foil(P6) Aluminum plates covered with plastic film (P7)
Foam plates covered with foil (P8) Foam plates covered with plastic film (P9)
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Herbs in the other seven packages were intermediate between the two
formerly mentioned packages (P1 & P5), but herbs kept in Aluminum plates
covered with plastic film (P7) and Foam plates covered with plastic film (P9)
showed sharper and more weight loss after two weeks of storage than those
packaged in Cellophane bags (P2), Nylon bags (P3), Polyethylene bags (P4),
Aluminum plates covered with foil (P6), Foam plates covered with foil (P8). It
worth to mention here, that P7 and P9 packages were both covered with
plastic film. Different types of packaging material would have different
permeability and gas exchange ability. In the same concern, Kwon-HyeJeong
et al. (1998), studied the effects of packing in antifogging film (AF),
polyethylene (PE) or wrap film on celery, and reported that fresh weight
losses were more influenced by type of film used.

The data in Table (1) shows the interactions of the studied factors on

the weight loss percentage of rosemary fresh herb during the two seasons.
Data shows that all used packaging materials showed a significant reduction
in their fresh weights during the two experimental seasons.
The highest significant weight loss percentage was (40.78, 34.87, 24.59 and
26.12 %) at room temperature, 1, 3 and 5 °C respectively in the first season
and (40.44, 30.80, 27.03 and 26.62 %) in the second season in the same
order by using butter bags (P1). The lowest fresh weight loss % was (8.60,
8.40, 3.00 and 1.69 %) at room temperature, 1, 3 and 5 °C respectively in the
first season and (8.43, 7.86, 4.72 and 2.52 %) in the same order in the
second season by using Aluminum foils (P5).

Increasing the storage period resulted in increasing of weight loss
percentage, as may be attribute to excess in water loss by long storage.
Similar results were obtained by Yamauchi and Watada (1993) on parsley
and Gomez et al. (1999) on coriander.

The least fresh weight loss percentage of rosemary herb resulted from
Aluminum foils and Aluminum plates covered with foil during the different
storage periods in both seasons. Butter bags packaging material gave the
highest fresh weight loss percentage at the various cooling temperatures
(1, 3 and 5 °C) through the storage period in the two seasons. Whereas, the
other different packaging materials gave intermediate values of weight loss
reached the significance level in the most cases.

These results are in accordance with those of Karwowska (1997) on
basil and tarragon, Kwon-HyeJeong et al. (1998) on celery, Gomez et al.
(1999) on coriander, and Al-Kershi (2003) on spearmint and sweet basil who
obtained similar results. This result may be in part due to the environmental
conditions (temperature, light and relative humidity) where the herb grew, that
reflected on the physiological and biochemical processes in the herb under
storage conditions.
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Table (1): Fresh weight loss (%) of rosemary fresh herb as affected by
different packing materials and storage temperature (room,
1, 3 and 5 °C) and their interactions during 6 weeks period
in the first and second summer seasons (2006 & 2007).

. Storage| Storage periods (weeks)
Prr?g{(ear?e;?sg Temp. 1%t season 2"d season
°C 1 |2 ]3| 4]5]6 | 1]2]3]4]5] 6
Control| 31.09[50.46] - | - | - | - [29.31p156 - | -
Butter bags | 1 |25.29044.46) - | - | - | - [22.2989.31 - | - | - -
(P1) 3 180835300 - | - | - | - |20.363369 - | - | - -
5 16933109 - | - | - | - [9.7833.46 - | - | - -
Celloohane |CONtrol| 6.44 [14.7318.041 - | - | - |4.96[0.74/1801 - | - N
€ boapgsane 1 | 3.55 |6.47 [10.34]14.90[20.53]29.17] 3.06 | 7.84 |11.78[15.32[19.44| 22.59
2 3 | 3.50 |8.43[15.52026.91]32.12[36.81]9.12 [14.15/19.91[27.06/33.53| 37.48
5 | 2.33 |3.40|7.06[13.00] - | - |3.55|6.1610.1014.74]19.30] -
Control| 3.64 |11.27[19.0229.01] - | - [19.87726.3027.73 - | - -
Nylon bags | 1 | 5.92 [10.17/16.39[20.16[27.10/40.16| 7.43 [10.66/13.41[17.53]21.21] 31.05
(P3) 3 | 3.18 | 8.28[13.78]25.28]35.06/39.00| 5.58 | 9.91 [14.18[25.63]30.96| 35.87
5 | 5.38 |9.47[14.4916.91[22.32] - |8.08[11.64]13.35[15.14]16.80] -
Polyethylene|Control| 6.29 [13.98[18.10] - | - | - |7.55[15.5821.50] - | - -
bags 1 | 3.74 | 7.61[12.14]16.32[04.46[29.83] 4.91 [13.53]17.51[21.36/30.17| 39.84
(P4) 3 | 3.78 [15.9223.31[28.9832.01[37.33| 7.21 [12.27]21.58[30.15|36.29] 40.72

5 0.75 |3.62|6.02|8.29 [13.83] - |2.56/3.97|7.06|8.73|13.76] -
Control| 3.63 ]10.9015.75 - - 13.07]10.90[11.26| - - -

Aluminum 1 | 1.90 |4.15|6.77]9.9213.29[18.75| 2.11 | 5.31 | 7.68 |10.90[15.28| 22.15

f(‘;'&'.j 3 | 035 |1.14|2.42|3.43|4.53|6.13|0.27 | 1.19]| 2.01|2.84|3.74| 5.04
5 | 017 |0.90|1.66]2.32|3.39] - |0.18|0.92|2.02|2.73|4.06| -
Aluminum [Control| 3.47 |8.9913.35 - | - | - 13.50|8.39[12.37] - | - | -
plates 1 | 2.31 |4.76]6.87|9.05 |[12.01]15.38| 1.98 | 4.57 | 6.59 | 9.02 [12.20| 16.22
covered 3 | 1.74 |4.91|11.24]15.76/12.7821.33/0.86 | 1.82 | 4.27 | 5.90 | 7.00 | 8.45
W'(tgg)o” 5 |11.35[14.11/16.4326.21/39.45 - |10.28/13.69|16.5423.04]31.82 -
Aluminum |Control| 19.25 [34.24/46.47| - - - 123.32/39.03(50.71| - - -
plates 1 [12.00 [23.46[34.11/44.88] - | - [11.64205132.9743.27] - | -
covered with| 3 | 4.80 |9.10[14.5420.08[26.1037.65) 5.68 | 8.60 [14.51[19.49724.17| 35.23
p'as(tF'g;"m 5 | 5.98 [12.9020.05023.26128.02| - |7.48[14.82[18.80123.67]29.14 -
Foam plates [Control| 9.95 [23.82]35.48| - - - 19.35/|29.52(38.98| - - -
covered 1 | 2.83 |7.23[12.88/17.36/26.7333.18| 3.73 |10.35/15.86121.32/28.63| 37.54
with foil 3 | 7.23 [11.06/14.67/19.96/29.41/36.13| 7.71 [10.8915.15/18.02]22.67| 41.88
(P8) 5 | 1.03 |5.78 |10.2616.7720.46] - |1.40|5.23|8.75 [12.0025.11] -
Foam plates |Control| 26.90 38.83_ - | - | - | - [23.698L.13 - | - | - | -
covered with 1 8.41 [15.9222.95{44.38| - - | 7.4314.3226.65/49.70, - -
plastic film | 3 | 9.98 [15.9222.95]33.77/42.01/49.17[10.9817.07]24.71[34.49/41.19| 48.45
(P9) 5 | 501 [11.39/18.7026.51[32.69 - |3.60|9.21|16.3424.86[31.08 -
[.SD5% 3.80 |5.74]6.62 | 8.01|10.46| 6.96 | 6.64|8.63|8.69 |8.06|9.04| 7.23

Il. Effect of cold storage and packaging materials during 6 weeks
storage period and their interactions on total chlorophyll content (%)
of rosemary herb:

Figure (3) shows that herbs kept at low temperatures (1, 3 and 5 °C)
maintained their chlorophyll level for longer time than those kept under room
temperature. It also shows that those kept at 1 °C slowed down chlorophyll
degradation than at 3 or 5 °C. Changes in the level of chlorophyll, during
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refrigerated storage, depended on the temperature of storage of the frozen
product. The lower storage temperature contributed to a better preservation
of chlorophyll, which might be attributed to more decrease in the rate of
chemical and enzymatic reactions at lower storage temperature. Similar
results are obtained by Lisiewska et al. (2004) on dill.
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Figure (3): Total chlorophyll content (%) of rosemary fresh herbs stored
at room temperature 1, 3 and 5°C throughout their storage
period (Mean of both summer seasons 2006 and 2007).

Figure (4) shows that the chlorophyll content of rosemary was
decreased with increasing the storage period. After three weeks of storage,
herbs kept in Butter bags (P1) and Foam plates covered with plastic film (P9)
had lower chlorophyll content than other packages. At the end of the storage
period (after six weeks), herbs kept in Aluminum foils (P5) had the highest
chlorophyll content. The other treatments gave same trend during different
storage periods. Lopez-Ayerva et al. (1997) mentioned that if the acceptability
of the product was limited by a 20 % loss of chlorophyll content, the frozen
product of leaves or whole plants of dill, could be stored for 12 months
because low temperature keeps the chlorophyll content below that level.
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Figure (4): Total chlorophyll content (%) of rosemary fresh herbs stored
in different packaging materials* throughout their storage
period (Mean of both summer seasons 2006 and 2007).

* Butter bags (P1) Cellophane bags (P2) Nylon bags (P3)

Polyethylene bags (P4) Aluminum foils (P5)

Aluminum plates covered with foil (P6) Aluminum plates covered with plastic film (P7)
Foam plates covered with foil (P8) Foam plates covered with plastic film (P9)

Data in Table (2) show also that the increase of storage period
decreased the total chlorophyll content which may be attributed to some
degradation in plant with increasing the storage periods. It is also obvious that
most packages maintained the chlorophyll content of the herb for longer
period when stored at lower temperature (1 °C or 3 °C). It is also clear that
Aluminum foils (P5), Aluminum plates covered with foil (P6), Aluminum plates
covered with plastic film (P7), Foam plates covered with foil (P8), and Foam
plates covered with plastic film (P9) kept the chlorophyll content of the herb at
high values for long period especially at 1 °C.

These results agree with Loaiza and Cantwell, (1997) and Lange,
(2000) who mentioned that the total chlorophyll content was affected by using
different packaging materials under the same cooling temperature and also
affected by the various cooling temperature under the same packaging
materials

11225



Abdel-Kader, H.H. et al.

Table (2): Total Chlorophyll (%) of rosemary fresh herb as affected by
different packing materials and storage temperature (room,
1, 3 and 5 °C) and their interactions during 6 weeks period in
the first and second summer seasons (2006 & 2007).

Packaging %g:ﬁe _ Storage period ONeekiZ
materials o 15t season 2"% season
1 2]3[4]5]6| 1 2]3]4]5]6
Control [ 1.45]0.84| - - - - 1.49 |10.89| - - - -
Butter bags | 1 |1.33]1.14[1.04[0.70]059] - [1.37 [1.19]1.07][0.73]0.62] -
(P1) 3 [1.00[0.89[0.77]050] - | - [1.05[092[0.79]052] - | -
5 [106]040| - | - | - | - [209foa3] - | - | - | -
Control|1.31]1.19[0.94] - | - | - [135[122]095] - [ - | -
Ce'L"pha“e 1 |124]1.181.03[092]050]| - |1.26 |1.20|1.06|0.96|052| -
(i%‘;‘ 3 |1.36]1.09|0.85]057]|0.35| - | 1.38 |1.10|0.87|0.59]| 037 -
5 |0.83[0.64]/0.35(031]0.25| - |0.86[0.68[0.38[0.34]0.28] -
Control[1.31]1.19(0.94] - | - | - [141[117|096] - | - | -
Nylon bags | 1 |144[130]1.21]1.02[053] - |1.47 [1.32]1.25[1.06[057] -
(P3) 3 |o0.74]0.68|054]0.40[0.20] - [0.75 [0.70[0.56[0.41]0.22] -
5 [1.14]0.89]0.63[0.49]0.23] - [1.16 [0.90]0.65|0.51]0.26| -
Polyethylene Control [1.311.19|0.94| - - - 1.52 11.29|1.20| - - -
bags 1 [141]1.35(1.21]1.05]054| - [1.45[138]1.24|1.10{058]| -
(P4) 3 [1.75]0.62[054]051[0.27] - [1.77 [0.64056]0.54] 029 -
5 |272]2.40]/0.68|051]048] - [ 275 [2.42]0.70|0.54] 050 -
. Control|1.41|1.21|1.11] - | - | - [144[123[110] - | - | -
A'”fr;‘i'l';”m 1 [|153[1.31]1.19]|1.18]1.00{0.80] 1.55 [1.35]1.23]1.20] 1.02 | 0.82
(P5) 3 [1.10[1.02]0.83]0.69[0.52[0.51] 1.12 [1.05|0.84[0.71] 0.62 [ 0.54
5 |0.84]0.69]/0.68[056]041| - [0.88[0.71]0.70]0.59]0.43] -
Aluminum |Controt|1.45[1.17]1.03] - | - | - [147 [1a7]104] - | - | -
plates 1 [1.41[1.381.16]1.04]0.81|0.44] 1.45 [1.40|1.18|1.07] 0.84 [0.47
covered 3 [1.25]/0.89|0.85]0.510.45[0.40] 1.27 [0.90 | 0.87 [0.53] 0.48 [ 0.41
with foil (P6)| 5 [o0.81(0.75]0.68]0.48[0.40] - |0.84 [0.77]0.70]0.50[ 0.42] -
Aluminum |cControl|1.44 (1.33| - - - - | 1.46 1.35| - - - -
plates 1 [2.30]2.22][1.73]1.33]1.07|0.45] 2.35 [2.26]1.77[1.37] 1.10 | 0.49
covered 3 |164(1.40[1.11]0.80(0.49(0.31] 1.66 |1.43|1.15]0.83] 0.52 [0.34
with plastic
film (P7) 5 |1.83]1.48(/1.07(0.92]/0.39| - |1.86 [1.51(1.11|0.95/0.42| -
Foam plates [Control[161[109]092] - | - | - [163[108[092] - [ - | -
covered 1 [1.34]1.22]1.07]1.00]0.98|0.49] 1.38 [1.26]1.11[1.02] 1.01 [0.54
with foil 3 [0.99]0.93]0.81]0.64[0.39]0.19] 1.00 [0.95|0.83]0.67] 0.41 [0.21
(P8) 5 |0.95[0.86]/0.73]0.71]0.62| - [0.98 [0.89]0.76|0.73]0.65| -
Foam plates Control [ 1.26 |1.01| - - - - 1.27 |1.03| - - - -
covered with| 1 |1.69[1.30]1.23[0.90[0.72]0.40| 1.73 [1.34[1.26]0.93| 0.76 [ 0.42
plastic film | 3 [1.18]1.08]0.69(0.43]0.34]0.31] 1.21 [1.11]0.721]0.45]0.37 [0.34
(P9) 5 [3.30]0.72/0.62[0.59]0.50] - [3.39 [0.75]0.67|0.63] 054 -
L.S.D 5% 0.13]0.24[0.26{0.23[0.19[0.15] 0.34 [0.36[0.33[0.36] 0.29 [ 0.18
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lll. Effect of cold storage and packaging materials and their interactions
on the shelf-life of rosemary herb:

Figure (5) shows the effect of storage temperature on the shelf-life of
freshly packaged rosemary herbs regardless of the packaging material. It is
clear that the lower the storage temperature, the longer the shelf-life in both
seasons. The three storage temperatures varied slightly among each other’s
but significantly with room temperature, with favor to the lower cold
temperature. Previous results on weight loss and changes in chlorophyll
content support these results. Cold temperature would reduce respiration and
transpiration of the packaged herbs, and thus delay senescence of the herb
leading to increasing shelf-life. These results agree with Cantwell (1996) who
reported that the optimum post harvest temperature for fresh thyme, oregano,
rosemary, mints, sage, parsley, cilantro, savory, marjoram, dill, and tarragon
is 0 °C and that a shelf-life from 3 to 4 weeks can be achieved at this
temperature, and added that expected shelf-life is 3 weeks at 0 °C and
2weeks at 5°C. Same conclusions were previously reported by Joyce and
Reid (1986).

o 1%t season
m 2" season 1 -

Shelf-life (weeks)

Room I 1°C I - 3°C I 5°C
Storage temperature(°C)

Figure (5): Mean of shelf-life of herbs stored at room temp, 1, 3and 5 °C
during the two summer seasons (2006 & 2007).

Figure (6) shows the effect of packaging material on the shelf life of
freshly packaged rosemary herbs regardless of the storage temperature. The
figure shows that the worst package was Butter bags (P1) in both seasons.
It is also clear from the figure that Aluminum foils (P5), Aluminum plates
covered with foil (P6), and Foam plates covered with foil (P8) had longer shelf
life than other packaging materials. These three packages share the fact that
they are all covered with aluminum foil. In addition to previous results on
weight loss and chlorophyll content of herbs kept in these packages,
aluminum foils would act as barrier against the migration of moisture, oxygen
and other gases, and volatile aroma, as well as against the impact of light is
generally higher than any plastic laminate material. Since Different types of
packaging material would have different permeability and gas exchange
ability, Aluminum foil seems to improve the shelf life through creating a
modified atmosphere inside the package that would lead to delaying
senescence of the herb. These results are in accordance with these of
Aharoni et al. (1989) on dill and coriander, Gomez et al. (1999) on coriander,
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Rashed (2002) on dill, coriander and parsley and Al-Kershi (2003) on
spearmint and sweet basil.

6
@5
X
84
=
o 1% season §3
m 2" season % 2
< haty
n 17 ™
A
o 1L
1 2 3 4 5 6 7 8 9

Packages
Figure (6): Mean of shelf-life of herbs stored in different packaging
materials during the two summer seasons (2006 & 2007).

* Butter bags (P1) Cellophane bags (P2) Nylon bags (P3)
Polyethylene bags (P4) Aluminum foils (P5)

Aluminum plates covered with foil (P6)  Aluminum plates covered with plastic film (P7)
Foam plates covered with foil (P8) Foam plates covered with plastic film (P9)

Table (3) shows the effects of the interaction between storage
temperature and different packaging materials on the shelf- life of rosemary.
Data show that shortest shelf- life for each packaging material was when this
package was stored at room temperature compared with other temperatures
in both seasons, while longest shelf- life was dependent on temperature and
type of package. Shortest shelf- life was in case of Butter bags (P1) and
Aluminum plates covered with plastic film (P7) stored at room temperature,
while the longest were in case of Aluminum foils (P5) and Aluminum plates
covered with foil (P6) stored for up to six weeks at 3 °C in both seasons.
These results are similar to Cantwell and Reid (1993), and Rogers and
Fischetti (1994), who reported that the best post harvest conditions for
preservation of fresh rosemary herb include storage at low temperature with
using different packing materials, and under this condition, a shelf-life of
6 weeks can be expected.

The longest shelf- life for Foam plates covered with plastic film (P9)
significantly indifferent at all the three cold storage temperature, while the
longest shelf-life of Cellophane bags (P2), Nylon bags (P3), and Polyethylene
bags (P4) at either 1 °C or 5 °C.

These results show that although lower temperature suited most
packages, the shelf- life was mainly dependent on the type of package and its
response to low temperature storage. Shelf- life was not merely evaluated by
weight loss and change in chlorophyll, but with other visual factors as well.

In this concern, Tucker and Maciarello (1993), reported that quality
characteristics are largely visual and include appearance of freshness,
uniformity of size, form and color, lack of defects (damaged or yellowed
leaves, decay, insect damage, wilting). By extending the storage period under
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a certain temperature, the color of the herb in some replicates in some
packages turned to black, aged, or showed growth of fungus on the herb, and
thus its shelf life was terminated. In addition, chlorophyll degradation in some
cases was not fast enough to terminate the shelf- life of the herb.

Table (3): Shelf-life (weeks) of rosemary fresh herbs as affected by the
interaction between packaging materials and storage
temperature during the two summer seasons (2006 & 2007)

Shelf-life (weeks)
Packaging materials Storage temperature °C
15! season 2" season
Room| 1°C | 3°C | 5°C |Room |1°C|3°C|5°C

Butter bags (P1) 1 2 2 2 1 211 ]2
Cellophane bags (P2) 3 5 4 5 3 5[3]5
Nylon bags (P3) 3 5 4 5 3 51415
Polyethylene bags (P4) 3 5 3 5 3 5[3]5
IAluminum foils (P5) 3 5 6 5 3 516 |3
IAluminum plates covered with foil (P6) 3 4 6 4 3 416 |4
IAluminum plates covered with plastic film (P7)| 1 3 4 3 1 41514
Foam plates covered with foil (P8) 2 5 5 5 2 5|16 |5
Foam plates covered with plastic film (P9) 2 4 3 4 2 413 ]4
LSD 5% 0.98 1.08

Summing up all factors, one can conclude that herbs packaged in
Aluminum foils (P5) and Aluminum plates covered with foil (P6) stored at 3 °C
maintained their fresh weight, chlorophyll content, and achieved longer shelf
life than other treatments in both seasons. These results are similar to those
of Lamberti and Escher (2007) as it acts as barrier against the migration of
moisture, oxygen and other gases.
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