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ABSTRACT

This study was performed to evaluate the effects ofNigella sativa L. Seed and Echinophora

platyloba DC. Leaf Extracts as natural preservatives on microbiological [total viable count
(TVC) and psychrophilic bacterial counts (PTC)], chemical [total volatile base nitrogen (TVB-
N), peroxide values (PV) and thiobarbituric acid (TBA) values], sensory changes of rainbow
trout (Oncorhynchus mykiss) fillets stored at 4°C+1. The present results showed that there was a
significant delay in lipid oxidation and spoilage of the fish fillet samples in treated samples with
a plant extracts in comparison with the control (P < 0.05).For the control, N. sativa (2.0 %), N.
sativa (4.0 %), E. platyloba (2.0 %) and E. platyloba (4.0 %) treatments, The PTC and TVC
values were above the acceptability limit (7 log10 colony-forming unit/g) at 6, 9, 12, 9 and 12th
day of storage, respectively. The best antioxidative and antimicrobial activities and sensory
scores, up to 12 days of storage were observed E. platyloba (4.0 %) extract. The results showed
that E. platyloba extract had higher quality and enhanced the sensory attributes. This study

showed that the N. sativa and E. platyloba can increase the shelf-life extension of Rainbow trout
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fillet stored at 4°C+1 up to 9-12 days so could be used for increasing shelf-life extension of fish

products.
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INTRODUCTION

Rainbow trout (Oncorhynchusmykiss) belongs
to the Salmonidae and is a species with high
commercial value and much appreciated by
consumers. It is sold as either whole fresh fish
or in fillet form. Due to its desirable
characteristics (taste, aroma, white flesh) and
nutritional value, demand for rainbow trout in
Iran and other country markets significantly
increased [1]. Fish and fishery products are
excellent food, especially in terms of protein,
trace elements and vitamin D. Fish is one of
the most perishable foods and is very

susceptible to chemical and microbial

deterioration such as hydrolysis, protein
denaturation and lipid oxidation etc.[2].
Various spoilage mechanisms expressed to be
involved in this quality loss including
microbial development, non-enzymatic lipid
oxidation,  enzymatic  browning  and
endogenous enzyme activity [3, 4] therefore,
reducing the fish shelf-life extension. Fish is a
very good culture media so contamination of
almost

spoilage microorganisms is

unavoidable. The fish spoilage is a
complicated process in which physical,
chemical and microbiology changes interact.

Oxidation of lipid is one of the primary

sources of quality deterioration in seafood
products. This process is a decisive parameter
in the decreasing of the food products shelf-
life because it is responsible for the
production of texture deterioration, decrease
in nutritional value, undesirable odors and
formation of potentially toxic substances
[5].The lipid oxidation prevention of seafood
products is important for keeping their high
quality and safety. Oxidation of lipid is a
major deal of muscle food deterioration [6],
succeeding off-flavors, toughening,
unpleasant odors and muscle discoloration
and nutritious value reduce[7]. Antioxidant
addition of with synthetic or natural origin is
one of the strategies to retard or decrease
oxidation and prevent the quality loss and
sensory properties[8].Natural aromatic plants
have been widely used in many food products
as seasoning and flavoring agents [9] for
preservation and their medicinal value [10].
Medical plants, such as N. sativa and E.
platyloba, have been used as condiments and
spices in foods in the past. In last years, many
researchers have investigated the application
sources of

of these plants as natural

antimicrobial and antioxidant components
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[11,12].Therefore, these species can play an
important role as natural preservative in the
food industry.

Nigella sativa L. is an annual herbaceous
plant which belongs to family Ranunculaceae.
The plant commonly grows in the Eastern
Europe, Middle East and Central and Western
Asia. Due to its notable pharmacological
properties [13], this plant has been have been
extensively investigated in last years.N. sativa
Seed oil is considered as health beneficial.
This seed oil has been expressed to possess
antioxidant activity [14] and antibacterial
activity [15].

Echinophora platyloba D. C species from
Echinophora genus is (Umbelliferaean)

aromatic, mid-summer plant that wildly
grows and mainly used for imparting taste and
flavor to the food in Iran [16]. E. platyloba is
used in folk medicine and as a food
seasoning. Many studies have shown that
Echinophora genus plants have significant
antimicrobial and antioxidant activities [11].

Despite the above mentioned facts, the
application of N. sativa seeds and E. platyloba
leaf extract as natural preservatives has not
been studied in depth in food product
particularly fish products. So, the aim of this
study was to investigate the effects of N.
sativa seeds and E. platylobaleaf extract as

antioxidant and antimicrobial compounds on

shelf-life and quality of rainbow trout
(Oncorhynchus mykiss) fish fillet during a
storage trial at 4+1°C.

2. MATERIAL AND METHODS

2.1. Preparation of fish fillet

Rainbow trout (Oncorhynchusmykiss) with an
average weight of 550 + 60 g were purchased
from a farm in Bandar-e Gaz, Golestan, Iran.
Then, they were gutted and filleted with
sterile equipment and placed at temperatures
less than 10°C, then were packed in

polystyrene boxes containing ice and
transferred to the laboratory in 2 h at the same
condition.

2.2. Preparation of Plant Extract

N. sativa seed were purchased from a local
herbal store, Gorgan, Iran and fresh leaves of
E. platyloba was collected (July2014) from
Sistan rangeland, Iran. N. sativa seeds and E.
platyloba leaves were dried in a hot air oven
(Behdad 3490, Zanjan, Iran) at 50°C. Then the
samples were ground into a fine powder with
a kitchen blender (Pars khazar, Iran).After
that, the samples (20 g) were mixed with 200
ml of 85% ethanol using a shaking water bath
Through

Whatman No. 1 filter paper, the extracts were

for 24 h at room temperature.

separated from the solid concentrate by
filtering. Then by using a rotary vacuum
4000, Heidolph,

Germany), the solvent was removed under

evaporator  (Laborota
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vacuum at 30°C. These extracts were kept at -
80°C until used.

2.3. Treatment of Fish Samples

Fish samples were divided into five treatment
batches consisting of: 1) control sample
(dipped in distilled water), the other batches
were dipped in N. sativa (2 and 4 %) and E.
platyloba (2 and 4 %) extracts for 30 min.
Then all of the treatments were drained well
and were wrapped in polyethylene package in
short time and stored at temperature of 4 +
1°C in refrigerator. Chemical, microbiological
and sensory characteristics were investigated
at predetermined time intervals, namely, 0, 3,
6, 9 and 12 days.

2.4. Chemical Analysis

2.4.1. Lipid Oxidation Indicators

2.4.1.1. Determination of peroxide value
(PV)

The peroxide value (PV) was measured
according to the Egan et al. [17] method.
Results were expressed as mill equivalent
peroxide per kilogram of sample.

2.4.1.2. Determination of Thiobarbituric
Acid Reactive Substances (TBARS)

The Thiobarbituric Acid Reactive Substances
(TBARS) value was measured according to
the Porkony and Dieffenbacher method as
described by Ojagh et al.[18]. The results
were

expressed as milligram  of

malondialdehyde equivalent per kilogram of
tissue.

2.4.2. Fish Freshness Indicators

2.4.2.1. Determination of total volatile basic
nitrogen (TVB-N)

Total volatile basic nitrogen (TVB-N) value
was investigated by the method of micro-
diffusion [19]. Results were expressed as
milligram TVB-N per 100 g fish muscle.
2.4.3. Microbiological Analysis

Fish samples (10 g) were transferred and
homogenized into stomacher containing 90
mL of 0.85% NaCl solution. Other decimal
dilutions were prepared from this dilution.
TVC and PTC were measured using plate
count agar (Merck, Darmstadt, Germany).
Plates of total viable aerobic bacteria (TVC)
were incubated at 25°C for 2 days and plates
of psychrotrophic bacteria (PTC) were
incubated at 7°C for 10 days. All counts were
indicated as log colony-forming unit (cfu)/g
and were carried out in duplicate [18].

2.4.4. Sensory Evaluation

For flavor sensory investigation, the fish fillet
samples (100 g) were separately cooked about
10-20 min at 98°C. In this step, 1.5% of salt
was added to the samples [18].The sensory
analysis of fish samples was evaluated by ten-
member trained panelists (25-30 years old,
male). Panelists scored texture, odor, flavor,

color and general acceptability using a 10-
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point scale, with excellent quality (10-9),
good quality (8-7), fair and acceptable quality
(6-5), poor quality (4-3) and very poor
quality (2-1) [20].

2.4.5. Statistical Analysis

All the experiments were carried out in
triplicate and mean value + standard deviation
were indicated for each case. Analysis of
variance was performed on the data to
determine if there was any significant
difference (P < 0.05) between treatments.
Post hoc test (Duncan’s multiple range test)
was conducted using the Statistical Analysis
System (SPSS 11.5, IBM SPSS, New York,
USA).

3. RESULTS AND DISCUSSION

3.1. Chemical Analysis

3.1.1. Lipid oxidation indicators

3.1.1.1. Peroxide values (PV)

Oxidation of lipid is an important problem in
seafood products particularly in fish because
it includes high amount of polyunsaturated
fatty acids [19, 21] and it causes quality
deterioration and formation of unpleasant
odor [22].PV values Changes is shown in Fig.
1. The results showed that the PV value
significantly increased during storage period
for control and treated samples (P < 0.05).
PV value for control samples during all
storage time was higher than treated samples.

This different could be related to antioxidant

activity of plant extracts. The antioxidant
activity of N. sativa and E. platylobais related
to phenolic components [15,11, 23]. Huss
[24]reported that the maximum acceptable
limit of PV value 10-20 meq O, kg™ oil for
food stuffs. In this study, the PV value for
control, N. sativa (2%) and N. sativa (4%) and
E. platyloba (2%) and E. platyloba (4%) was
upper than acceptable limit in days 6, 9, 12, 9
and 12, respectively.According to the results,
the plant extracts showed the best
performance in retardation of primary lipid
oxidation.

3.1.1.2. TBA Reactive Substances (TBARYS)
The value of TBA is considered as an
malonaldehyde(MDA)

content; the most predominant secondary

indicator for the

oxidation products for food lipids, therefore it
is considered a good chemical constant for
measuring the secondary oxidation extent of
edible lipids during storage period[25]. The
results of TBARS formation indicated in Fig.
2.The initial TBARS of fish samples were
found to be 0.72 + 0.01 to 0.76 + 0.00 mg
MDA per kilogram of tissue. According to the
results, TBA value was significantly
increased during storage time for control and
other treatments (P < 0.05). According to the
previews reports, acceptable limit of TBA is
1-2 mg MDA kg™. In present study, the

TBARS value for control, N. sativa (2%) and
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N. sativa (4%) and E. platyloba (2%) and E.
platyloba (4%) was upper than acceptable
limit in days 6, 9, 12, 9 and 12, respectively.
It can be related to antioxidant activity of
plant materials and their ability to break free
radicals and chelate metal cations[18].

3.1.2. Fish freshness indicators

3.1.2.1. Total volatile basic nitrogen (TVB-
N)

The TVB-N is one of the most widely used
for seafood quality determination [26]. TVB-
N value change is shown in Fig 3. The results
showed that the TVB-N values significantly
increased during storage time for treated and
untreated samples (P < 0.05) but with a more
rapid increase in the untreated samples
(control).Maximum acceptable limit for fatty
fish such as trout is 20 mg N/100 g sample
[27]. The TVB-N values were upper than
acceptability limit in days 6, 9, 12, 9 and 12
for control, N. sativa (2%) and N. sativa (4%)
and E. platyloba (2%) and E. platyloba (4%),
respectively. In present study, TVB-N
formation delaying in treated samples can be
associated with a more rapidly reduced in
bacterial population and bacterial capacity
decrease for oxidative deamination of non-
protein nitrogen compound [28].

3.2. Microbiological analyses

Results of TVC value is shown in Fig.4.The

recommended limit of TVC is log10’cfu/g for

freshwater fish [29].During storage, TVC
values significantly increased for all samples
(P < 0.05). For control, the TVC value was
higher than the acceptable limit on day 6 of
storage (7.26 logigcfu/g). However, the TVC
values for treated samples with N. sativa (2%)
and N. sativa (4%) and E. platyloba (2%) and
E. platyloba (4%)was remained lower than
the proposed values at 6, 9, 12, 9 and 12th day
of storage time, respectively. The
psychrotrophic bacteria (PTC) are well known
as the main cause of refrigerated fish
spoilage. So, the inhibitory effect of N.
sativa,E. platyloba extracts on psychrotrophic
bacteria growth in fish fillets during cold
storage was measured. The results are
indicated as in Fig. 5. Results showed that
PTC was significantly increased for all
samples during storage time (P < 0.05).
According to the results, the PTC was lower
in treated samples with higher concentration
of plant material. Also the results showed that
the TVC and PTC were lower in treated
samples with E. platylobaleafextract. It is
related to higher antibacterial activity of E.
platyloba in comparison with N. sativa.

3.3. Sensory Evaluation

The results of sensory evaluation that
included Tenderness, color, odor, taste and
overall acceptability of fish fillets are

presented in Tablel. According to the table,
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the acceptability limit of both for all factors
was reached on day 6, 9, 12, 9 and 12 for
control, N. sativa (2%) and N. sativa (4%) and
E. platyloba (2%) and E. platyloba (4%),
respectively.

Fish samples were proposed to be acceptable
for human consumption until the sensory
score decreased from 10 to 4 [20]. At
beginning of storage time, all samples had
excellent quality. Fish quality significantly
decreased during storage period (P < 0.05).
Also the result showed that treated sample
with plant extracts had higher sensory score
than untreated samples. According to the
treated

results, samples  with

%) of plant

higher
concentration (4 material
indicated better sensory qualities and
extended shelf-life in comparison with treated
samples with 2% plant extracts. Plant extract
addition exhibit antimicrobial and antioxidant
activity and can increase the shelf-life
extension of fish samples while maintaining
its quality.

4. CONCLUSIONS

Generally, the tested plant extracts treatments
caused a significant extending of the shelf-
life, also improvement the physico-chemical,
microbiological and  sensory  quality
properties for fish fillets during cold storage.
In addition, fish samples treated with E.

platyloba (4%) followed by samples treated

with N. sativa (4%) attained the highest
scores for sensory quality attributes and
indicated the better acceptability than the
control and other treated fish samples. So, the
present findings suggested that the N. sativa
and E. platyloba extracts can be utilized for
extending the shelf-life and improving quality
properties of fish fillets during cold storage.
ACKNOWLEDGMENTS
The authors wish to thank Prof. Robert E.
Levin and Dr. Siew Young Quek for
assistance in preparing this manuscript. The
authors wish to thank the reviewers of this
manuscript for their insightful inputs.
Conflict of interest
The authors declare no financial or other
conflicts of interest.
REFERENCES
[1] Oraei M, Motalebi AA, Hoseini E,
Javan S, Effect of gamma irradiation
and frozen storage on microbial

quality of rainbow trout
(oncorhynchusmykiss) fillet,Iran J Fish
sci, 10(1), 2010, 75-84.

[2] Gandotra R, Gupta V, Koul M, Gupta
S, Parihar DS, Sharma R, The Effect
of Ascorbic Acid and Citric Acid
Solution Treatment on the Flesh
Quality of Wallagoattu,IntJ Sci Tech,

2(6),2014, 110-115.

IBPAS, May, 2015, 4(5)

3107



Sara Raeisi et al

Research Article

[3] Ozogul Y, Ozogul F, Kuley
E,Ozkutuk AS, Gokbulut C, Kose S,
Biochemical, sensory and
microbiological attributes of wild
turbot (Scophthalmusmaximus), from
black sea during chilled storage, Food
chem, 99(4), 2006, 752-758.

[4] Aubourg SP, Alonso F, Gallardo JM,
Studies on rancidity inhibition sin
frozen horse mackerel
(Trachurustrachurus) by citric and
ascorbic acids,Eur J Lipid SciTechnol,
106,2004, 232-240.

[5] Ripoll G, Joy M, Mufioz F, Use of
dietary vitamin E and selenium (Se) to
increase the shelf life of modified
atmosphere packaged light lamb meat,
Meat Sci, 87,2011, 88-93.

[6] Ladikose D, Lougovoise V, Lipid
Oxidation in Muscle Food: A Review,
Food Chem, 35,1990, 295-314.

[7] rankel EN, Lipid Oxidation, Dundee,
UK: The Oily Press Ltd, 1998.

[8] Serdarglu M, Felekoglu E, Effects of
Using Rosemary Extract and Onion
Juice on Oxidative Stability of Sardine
(Sardinapilchardus) Mince, J Food
Qual, 28,2005, 109-120.

[9] Elgayyar M, Draughon FA, Golden
DA, Mount JR, Antimicrobial activity

of essential oils from plants against

selected pathogenic and saprophytic
microorganisms, J Food Protect,
64(7), 2001, 1091-1024.

[10] Reddy V, Urooj A, Kumar A,
Evaluation of antioxidant activity of
some plant extracts and their
application in biscuits, Food Chem,
90, 2005, 317-321.

[11] Gholivand MB, Rahimi-Nasrabadi
M, Mehraban E, NiasariM, Batooli
H, Determination of the chemical
composition and in vitro antioxidant
activities of essential oil and
methanol extracts
of Echinophoraplatyloba DC, Nat
Prod Res, 25(11),2011,1585-1595.

[12] Meziti A, Meziti H, Boudiaf K,
Mustapha B, Bouriche H,
Polyphenolic Profile and Antioxidant
Activities of Nigella Sativa Seed
Extracts In Vitro and In Vivo,World
AcadSciEngTechnol, 64,2012, 24-32.

[13] Dubick MA, Historical perspectives
on the use of herbal preparations to
promote health, J Nutr, 116,
19861348-1354.

[14] Burits M, Bucar F, Antioxidant
activity of Nigella sativa essential
oil,Phytother Res, 14, 2000, 323-328.

[15] Morsi NM, Antimicrobial effect of

crude extracts of Nigella sativa on

IBPAS, May, 2015, 4(5)

3108



Sara Raeisi et al

Research Article

multiple antibiotics-resistant
bacteria,ActaMicrobiol Pol, 49,2000,
63- 74.

[16] Avijgan M, Mahboubi M, Darabi M,
Saadat M, Sarikhani S, Nazilla K,
Overview on Echinophoraplatyloba,
a synergistic antifungal agent
candidate,] Yeast Fungal Res,
1,2010, 88-94.

[17]Egan H, Kirk RS, Sawyer R,
Pearson’s Chemical Analysis of
Food, 9th ed.Churchill Livingstone,
Edinburgh, New York: Longman
Scientific and Technical, 1997, p.
609-634.

[18] Ojagh SM, Rezaei M, Razavi SH,
Hosseini SMH, Effect of chitosan
coatings enriched with cinnamon oil
on the quality of refrigerated rainbow
trout, Food Chem, 120(1), 2010,
193-198.

[19] Goulas AE, Kontominas MG,
Combined effect of light salting,
modified atmosphere packaging and
oregano essential oil on the shelf-life
of sea bream (Sparusaurata):
Biochemical and sensory attributes,
Food Chem, 100(1), 2007, 287-296.

[20] El-hanafy ~ AEA, Shawky HA,
Ramadan MF, Preservation of

Oreochromisniloticus ~ fish  using

frozen green tea extract: impact on
biochemical, microbiological and
sensory  characteristics,J Food
Process Preserv, 35,2011, 639-646.

[21] Kotakowska A, Domiszewski Z,

Kozlowski D, Gajowniczek M,
Effects of rainbow trout freshness on
n-3 polyunsaturated fatty acids in fish
offal,LEur J Lipid SciTechnol,
108,2006, 723-729.

[22] Venugopal V, Shahidi F, Structure

and composition of fish muscle,Food
Rev Int, 12, 1996, 175-197.

[23] Sharifi-Rad J, Hoseini-Alfatemi SM,

Sharifi-Rad M, Teixeira da Silva JA,
Antibacterial, antioxidant, antifungal
and anti-inflammatory activities of
crude extract from Nitrariaschoberi
fruits, 3 Biotech, 2014, 1-8, DOI
10.1007/s13205-014-0266-1.

[24] Huss HH, Quality and quality

changes in freshwater fish, FAO,
Rome, Italy, 1995.

[25] Hassan  IM,  Abou-Arab  AA,

Estimation of quality attributes and
frying times of cotton seed and
sunflower oils blend during deep-fat
frying of potato chips, Alexandria J
Food SciTechnol, 1(2), 2004, 13-21.

[26] LeBlanc RJ, Gill TA, Ammonia as an

objective quality index in squid,Can

IBPAS, May, 2015, 4(5)

3109



Sara Raeisi et al

Research Article

Inst Food SciTechnol J, 17, 1984,
195 -201.
[27] Connell JJ, Control of fish quality,
Fishing News Books, London, 1990.
[28] Frangos L, Pyrgotou N, Giatrakou V,
Ntzimani A, Savvaidis N,
Combined effects of salting, oregano

oil and vacuum-packaging on the

23

2

PV (meq O,/ kg)

4

(I 3 6 Y

Storage time (days)

shelf-life of refrigerated trout fillets,

Food Microbiol, 27, 2010, 115-121.
[29] ICMSF, Microorganisms in foods 2.

Sampling for microbiological
analysis:  Principles and specific
applications, 2th ed, Toronto:

University of Toronto Press, 1986.

== control
i N sativa (2%)

N sativa (4%)
i I platyloba (2%5)

e [ platylohat (4%6)

Figure 1: Changes in peroxide values (PV) of fish samples during refrigerated storage. Different letters
represent significant difference at P < 0.05. The capital and lower case letters indicate the differences among
different treatments and the variation of treatment during different days, respectively.
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Figure 2: Changes in thiobarbituric acid (TBA) values of fish samples during refrigerated storage. Different
letters represent significant difference at P < 0.05. The capital and lower case letters indicate the differences
among different treatments and the variation of treatment during different days, respectively.
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Figure 3: Changes in total volatile base nitrogen (TVB-N) values of fish samples during refrigerated storage.
Different letters represent significant difference at P < 0.05. The capital and lower case letters indicate the
differences among different treatments and the variation of treatment during different days, respectively.
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' Figure 4: changes in total viable count (TVC) values of fish samples during refrigerated storage. Different )
letters represent significant difference at P < 0.05. The capital and lower case letters indicate the differences
among different treatments and the variation of treatment during different days, respectively
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Figure 5: Changes in psychrotrophic count (PTC) values of fish samples during refrigerated storage.
Different letters represent significant difference at P < 0.05. The capital and lower case letters indicate the
differences among different treatments and the variation of treatment during different days, respectively
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Table 1: Sensory properties rainbow trout fillet samples stored at 4°C+1
Storage control N. sativa (2 %) | N. sativa (4 %) E. E. platyloba(4
duration (day) platyloba(2%0) %)
Color
0 9.55+0.02"¢ 9.55+0.02"¢ 9.55+0.01%¢ 9.55+0.00" 9.55+0.01%¢
3 6.83+0.027 7.32+0.00™° 7.82+0.03°° 7.51+0.01°° 8.02+0.01%2
6 5.1+0.03%¢ 6.41+0.0279 7.3+0.02%P 6.54+0.02" 7.43+0.02%
9 5.5+0.01- 6.41+0.00™ 5.61+0.00%° 6.56+0.00"™
12 5.27+0.02"° 5.41+0.01M
Taste
0 9.1+0.02% 9.5+0.2"@ 9.49+0.00™° 9.52+0.01%@ 9.5+0.02%2
3 6.56+0.01%¢ 7.4+0.03%¢ 8.1+0.03°° 7.51+0.017° 8.32+0.01%2
6 5.2+0.027 6.52+0.01"¢ 7.66+0.00%° 6.63+0.01™ 7.84+0.032
9 5.33+0.00%° 6.83+0.02" 5.52+0.02™° 6.91+0.00™
12 5.43+0.01"° 5.62+0.02%
Odor
0 9.01+0.00%¢ 9.85+0.02"¢ 9.73+0.01°%° 9.53+0.01°° 9.8+0.02"@
3 7.69+0.01%¢ 7.52+0.027° 8.01+0.00°° 7.78+0.03°° 8.1+0.04%
6 5.2+0.03%® 6.51+0.00™ 7.52+0.027° 6.66+0.027° 7.55+0.007
9 5.22+0.02¢ 6.61+0.00™ 5.53+0.01 6.77+0.02%
12 5.44+0.03" 5.64+0.01%
Tenderness
0 9.02+0.01%° 9.5+0.28" 9.62+0.01%¢ 9.63+0.01%° 9.65+0.02"°
3 7.5+0.027¢ 7.53+0.01% 8.00+0.02°° 7.65+0.03°° 8.12+0.02%
6 5.3+0.00% 6.51+0.03"1 7.2+¢0.01™" 6.64+0.00%° 7.32+0.01%°
9 5.36+0.00"° 6.66+0.00<" 5.52+0.03"° 6.84+0.027
12 5.43+0.00°° 5.66+0.01M2
Overall acceptability
0 9.66+0.01"° 9.63+0.01™° 9.63+0.01™° 9.66+0.01"° 9.66+0.01"2
3 6.64+0.03" 7.52+0.03%¢ 8.0+0.03°° 7.64+0.02°° 8.3+0.03%
6 5.34+0.02"° 6.51+0.00<¢ 7.79+0.01%° 6.64+0.00" 7.92+0.002
9 5.42+0.02°¢ 6.6+0.01°° 5.64+0.02™" 6.73+0.017
12 5.56+0.00"" 5.72+0.00"

The capital letters represent the differences between various treatments during storage trial while the lower
case letters indicate the variation of treatment for different samples at the same day.
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