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Abstract. In this study, thermal inactivation parameters (z-, F- and D-values) of Alicyclobacillus 
acidoterrestris DSM 2498 strain, is an acidophilic, spore-forming microorganism that can survive typical 
pasteurization conditions, and may spoil fruit juices by producing off-flavour, were determined in clear 
apple juice and cloudy apple nectar. The effects of ascorbic acid and cinnamic acid at different 
consantrations (250 and 500 mg/L) on thermal inactivation of A. acidoterrestris were also investigated.  

When acid consantrations used in research was increased a decline in the z-value of A. acidoterrestris 
was observed. It was determined that decrease in z-values were greater in the clear apple juice than 
apple nectar. The reason of this difference is thought to be the protective effect of particulles in the apple 
nectar. D-values of A. acidoterrestris in clear apple juice were determined between D93°C 7.3 min. and  
D99°C  1.5 min, while in apple nectar this values were changed between D93°C 7.7 min. and  D99°C  1.9 min. 
z-values obtained from D values were compared with z-values which were found experimentally before 
and almost close results were detected.  

In the last part of study, 106 CFU/mL of A. acidoterrestris spores were added into clear apple juice 
samples which prepared from commercial concentrated apple juice and pasteurized at 96°C according to 
the thermal death times determined before. Afterwards pasteurized samples stored at refrigerator 
temperature (+4ºC) for 0, 5 and 10 days and at room temperature (~20ºC) for 1, 2, and 3 months. At the 
end of the storage period microbiological analyzes of clear apple juice samples were carried out by using 
membran filtration method. No bacterial development was observed in samples stored in case of three 
analogous. This result  showed that adequate lethality was obtained using F-values which determined 
before at different times for 96°C.  

Keywords.  Alicyclobacillus acidoterrestris, D-value, z- value, thermal inactivation, apple juice, apple 
nectar, ascorbic acid, cinnamic acid. 

Introduction  

A. acidoterrestris is a thermoacidophilic, non-pathogenic and spore-forming bacterium that has been 
isolated and identified in several spoiled both commercial pasteurized and unpasteurized fruit juices, such 
as orange and apple juices in the USA, Germany, the UK and Australia (Silva et al. 1999; Jensen 2000). 
A. acidoterrestris is unique in that it contains !-alicyclic fatty acid as the major membrane fatty acid 
component in its cells, and is able to grow in a pH range of 2.5–6.0 and a temperature range of 25– 60°C 
(Yamazaki et al., 1996; Pettipher et al., 1997; Walls and Chuyate 1998; Jensen 1999). The ability of this 
microorganism to grow at low pH values and survive at pasteurization norms applied to fruit juices make 
them an important issue in recent years. Therefore, this microorganism has been suggested as the target 
to be used in the design of thermal pasteurization processes of acidic food products (Murakami et al. 
1998; Silva et al. 1999). Since A. acidoterrestris is an indicator microorganism in determination of the 
quality, it’s suggested to base on establishing the thermal process norms applied to fruit juices. In this 
case it is important to characterize the thermal inactivation behavior in populations of this microorganism 
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in order to design processes that will reduce the probability of spoilage for shelf stable products while 
maintaining quality factors acceptable to the consumer (Vieira et al., 2002).  

The aim of this study was to investigate the thermal inactivation parameters (D- and z-values) of  A. 
acidoterrestris in apple juice and apple nectar. Many studies investigated the thermal resistance 
characteristics of A. acidoterrestris spores in apple and other fruit juices but less data was given about D- 
and z-values in apple nectar. In this study we also determined the effects of temperature, pH, and 
ascorbic acid and cinnamic acid concentrations (250 and 500 mg/L) which are antimicrobial organic acids 
and can impress D- and z-values of A. acidoterrestris in apple juice and apple nectar. 

Materials and Methods 
Materials The Golden Delicious apples used in this study were supplied from a local market in Ankara, 
Turkey. The strain of A. acidoterrestris DSM 2498 used in this study was obtained from DSMZ (German 
Collection of Microorganisms and Cell Cultures). Bacillus acidocaldarius medium (BAM) was used as 
culture medium (Deinhard et al., 1987; Silva et al., 1999). 
 
Preparation of A. acidoterr estris  spore suspension 
For determining the thermal inactivation parameters of A. acidoterrestris, spore suspension of this 
microorganism was prepared according to a method used by Bah•eci et al. (2003). Using the strain A. 
acidoterrestris DSM 2498, spores were produced in slant BAM agar with incubation at 46 ¡C for 5Ð7 days 
until at least 80% of cells sporulated, as determined by microscopic examination. Spores were removed 
by stirring each tube using Vortex stirrer after adding 5 mL of sterile distilled water (4¡C). The spore crop 
was centrifuged at 5000 rpm for 15 min. The supernatant was decanted and the pellet was resuspended. 
Spores were cleaned by alternate centrifugation and washing of the pellets by sterile distilled water five 
times. Final pellets were resuspended in sterile phosphate buffer (pH 7.0). Suspension was heated at 
80¡C for 10 min and stored at 4¡C under sterile conditions until used.   
 
Determination of Thermal Inactivation Times 

Apple juice and apple nectars were produced in laboratory conditions according to Acar et al. (1999) and 
were used as heating medium. Heat treatment was carried out by using thermal inactivation test (TIT) 
tubes and two mL of pasteurized apple juice and apple nectar containing approximately 106 cfu/mL A. 
acidoterrestris spores were put into these sterile tubes. The tubes were then sealed by pulling off the end 
in a gas burner flame. The tubes were submerged simultaneously into the oil bath, which was maintained 
at the desired temperature, and heated at 93, 95, 97 and 99 ¡C for various times.  For each time-
temperature combination five tubes were used. The hold time intervals were different for each target 
temperature. After the heat treatment, the tubes were already cooled in ice water, washed in soap 
solution, rinsed in sterile distilled water, and then immersed in ethanol. Tubes were clipped off from one 
end, and inoculated into BAM agar after appropriate dilution. Plates were incubated at 46 ¡C for 5 days 
before enumeration. In this way thermal inactivation times (F-values) of A. acidoterrestris were 
determined at 93, 95, 97 and 99 ¡C. Also F-values of A. acidoterrestris in apple juice and apple nectar 
were determined with and without ascorbic acid or cinnamic acid addition at different concentrations (250 
and 500 mg/L). Heat treatment of A. acidoterrestris in apple juice and apple nectar is shown in Fig.1. 
Thermal inactivation curves obtained from F- values were used in determining z-values of A. 
acidoterrestris.                                                                    
 
Determination of D-value 

D-value is the time necessary at a specific temperature to reduce the overall microbial population by 90%. 
Bah•eci et al.(2007) determined  that spore inactivation of A. acidoterrestris was carried out about 6 log 
cycle. For this reason F-values of A. acidoterrestris determined at 93, 95, 97 and 99 ¡C in apple juice and 
apple nectar were accepted as the maximum value and 1/6 of those value were considered as the 
minimum value. Different dillusions were prepared from 108cfu/mL spore suspension at particular 
intervals of determined times between maximum and minimum values. 1 mL prepared spore suspension 
was added to T!T tubes and heat treatment was carried out at determined times in oil bath. After the heat 
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treatment the tubes were already cooled in ice water, washed in soap solution, rinsed in sterile distilled 
water, and then immersed in ethanol. Tubes were clipped off from one end and inoculated into BAM agar 
after appropriate dilution. Plates were incubated at 46 °C for 5 days before enumeration. At the end of the 
incubation A. acidoterrestris count was carried out. Numbers found by multiplying with dilution factor was 
recorded as survival counts of A .acidoterrestris after heat treatment. Also survival counts in apple juice 
and apple nectar were determined with and without ascorbic acid or cinnamic acid addition at different 
concentrations (250 and 500 mg/L). D-values were found from the negative reciprocal slope of the linear 
regression of survivor curves obtained by plotting logarithms of survival counts versus their corresponding 
heating times.  

Storage 

Apple juice (11°Bx) was prepared from using commercial aple juice concentration (72 °Bx). Samples with 
106 cfu/mL A. acidoterrestris spore were pasteurized according to the F- values determined before and 
stored at refrigerator temperature (+4ºC) for 0, 5 and 10 days and at room temperature (~20ºC) for 1, 2, 
and 3 months. Also ascorbic acid or cinnamic acid at different concentrations (250 and 500 mg/L) were 
added into apple juice samples seperatelly to investigate the effect of  A. acidoterrestris inactivation. At 
the end of the storage period microbiological analyzes of clear apple juice samples were carried out by 
using membran filtration method.  
 
Results and Discussion 
According to the results obtained from this study, with the increase of acid concantration, pH decrease in 
apple juices affected the thermal inactivation of A. acidoterrestris. Thus both increased acid concantration 
and a decrease in pH value effected z- value. When studied with apple nectar using the same method, a 
drop in z- value observed with the increased acid concantration. However compared with changes in z- 
values of A. acidoterrestris obtained from apple juice, those were found higher in apple nectar. This is 
supposed to be the particles immanent in apple nectar that might increase the heat resistance of spores. 
Also z- values of apple nectar with cinnamic acid were higher than the ones with ascorbic acid. This was 
due to the pH depressing effect of cinnamic acid is weaker than ascorbic acid. In this study z- values of A. 
acidoterrestris obtained from apple juice and apple nectar with differant pH values were determined 
between 8.7-10.1°C. z- values given in literature for A. acidoterrestris are relatively similar with an 
average value of 8.3±1.9 °C (Parish, 2006) and our results were quite close to that value. 

D-values were found to be between 7.3 min at 93 °C and 1.5 min at 99 °C in apple juice, between 7.7 min 
at 93 °C and 1.9 min at 99 °C in apple nectar. The z- values obtained from D- values were compared with 
experimentally found z-values and almost similar results were taken. 

In the last part of this study, pasteurization was carried out in apple juices at 96°C according to the 
thermal death times determined before. In consequence of microbiological analyzes by using membran 
filtration method any bacterial development was observed in samples. This result showed that adequate 
lethality was obtained using F-values which determined before at different times for 96°C.  

 

 

Figure 1. Thermal inactivation curves of A. acidoterrestris spores in apple juice. 
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Figure 2. Thermal inactivation curves of A. acidoterrestris spores in apple nectar. 
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Abstract . Freeze-drying is a well known dehydration method widely used to preserve 
microorganisms. High costs are, however, the main drawback of the process, and had lead 
researchers over the world to seek for alternative dehydration processes more economically viable.  

Foaming was used prior to freeze-drying of Bifidobacterium longum RO175 to investigate the 
potential acceleration of the drying rate as well as the increase in microorganism viability after the 
process. A study on storage of foamed and non-foamed freeze-dried products at different 
temperatures completed this study. 

Two protective agents, industrial LEST and a skim milk (SM) based medium, were tested for freeze-
drying of B. longum RO175. Cell suspensions in the two protective agents were mixed with 3% (v/v) 
egg albumin powder in order to generate the foam. The foaming procedure was done by gently 
injecting pure nitrogen in an anaerobic chamber at 20oC. Freeze-drying of frozen samples was then 
carried out at 25°C under vacuum. Freeze-drying kinetics and viability after drying was measured. 
For the storage experiments, B. longum dried powders were stored at 4°C and at 25°C in desiccators 
with for up to 56 days without light presence.  

Bifidobacterium longum RO175 in foamed medium (LEST and skim milk) could be freeze-dried in 1/4 
to 1/7 of the time required for non-foamed solutions, respectively. Foamed suspensions presented a 
higher viability immediately after freeze-drying (13.66% for foamed LEST and 13.64% for foamed 
skim milk).  

Storage leads to a reduction in Bifidobacterium longum RO175 viability for all tested protective 
agents (foamed and non-foamed). Storage temperature and residual moisture content have an 
important impact on Bifidobacterium longum viability. 
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Abstract. The objective of this work was to evaluate the effect of different biodegradable coatings on 
the microbiological quality of coconut water 'Anão Verde' variety stored for 40 days. The presence of 
coliforms at 45 ºC and 35 ºC, mesophilic aerobics, filamentous fungi and yeasts in the water was 
lower in fruit coated with chitosan and chitosan + gelatin. The contamination was higher in the water 
of fruits coated with gelatin and in the control fruits (no coating). Throughout storage time, only three 
genera of fungi were identified in coconut water: Penicillium, Fusarium and Paelomyces. The genus 
Penicillium was found more frequently in relation to Fusarium and the latest in relation to 
Paelomyces. During the storage, the waters of the fruits coated with gelatin, gelatin + 
carboxymethylcellulose and the control fruits presented higher frequency of contamination with these 
fungi, while the waters of fruit coated with chitosan and chitosan + gelatin had a lower frequency. The 
fruit coated with chitosan and chitosan + gelatin better preserved the microbiological quality of the 
coconut water for natural consumption in the own fruit. 
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Introducão 

Coconut water is a refreshing and tasty drink, very popular in Brazil and other tropical countries. 
It consists mainly of sugars and minerals, nitrogenous substances and vitamins, wich 
characterizes a product of easy contamination and rapid deterioration in contact with the 
environment. The chemistry sanitization of the coconut surface is limited due to the husk 
irregularities and to the calyx and stalk structures that facilitate microbial attachment. The 
application of biodegradable coatings has been focused to control the development of 
microorganisms and to increase the shelf life of products. Several authors mention the 
antimicrobial activity of chitosan to inhibit the growth of microorganisms, among them, Fusarium 
sp (Ravi Kumar, 2000). 

The objetive of this study was to evaluate the effect of different biodegradable coatings on the 
microbiological quality of coconut water during storage for 40 days. 

Material & Methods 

Coconut (Cocos nucifera L.), ‘Anão Verde’ variety with eight months of age was used. After 
cleaning, sorting and sanitizing, the fruits were separated into portions to applied the coatings 
(Table 1) through immersion for 1 minute and then they were dried at room temperature. 

Table 1. Treatments and respective formulations used to coat the coconuts 
Treatment Formulations 

1 Chitosan 1.5 % + glycerol (20% v/p chitosan) + PEG-400 (10% v/p chitosan) 
2 Carboxymethilcellulose (CMC) 3% + gelatin 5% 
3 Chitosan 1.5% + gelatin 5% 
4 CMC 3% + stearic acid (15% p/p CMC) + PEG-400 (10% v/p CMC) 
5 Gelatin 5% + glycerol (15% v/p gelatin) + PEG-400 (10% v/p gelatin) 
6 Control (pure water) 

After that the fruits were stored at 12 ± 2 ºC, 80% RH for 40 days. The experimental unit was 
composed of two fruits. 

The following microbiological analysis of water were done every 10 days: total coliforms (35 ºC) 
and fecal coliforms (45 ºC); counting of mesophilic aerobics, filamentous fungi and yeasts; 
identification of filamentous fungi. The analysis followed the methodology proposed by 
Vanderzant & Splittstoesser (1992), modified by Smith (1995), and Downes & Ito (2001). The 
analysis of filamentous fungi was based on methodology described by Pitt & Hocking (1997) 
and Samson et al. (2004) for isolation and identification, respectively. A completely randomized 
design with split plot in time was used and the interaction between the factors time and coatings 
was investigated. The results were submitted to analysis of variance and the Scott Knott 5% 
average test. 

Results e Discussion 

A significant interaction between the coatings and the storage time in all microbiological 
evaluations was observed, except for filamentous fungi and yeasts that showed isolated effect 
of coatings and storage time (Table 1). 
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Table 1. Anlysis of Variance  

Sources of variation Variable 
Coatings Time Coatings x time 

Coliforms 35 °C 0.00 ** 0.00 ** 0.00 ** 
Coliforms 45 °C 0.00 ** 0.00 ** 0.00 ** 
Mesophilic Aerobics  0.02 * 0.00 ** 0.02 * 
Filamentous fungi and yeasts 0.01 ** 0.01 ** 0.61 

*: F significative (p=0.02); **: F significative (p<0.01) 

At 40 days of storage, there was no presence of coliform at 45 °C in water for fruit coated with 
chitosan, gelatin + CMC and chitosan + gelatin (Table 2). 

Table 2. Most probable number (MPN) of propagules of coliforms at 45 ºC and coliforms at 35 
°C and counting of mesophilic aerobic bacteria, filamentous fungi and yeasts in coconut water 
using different coatings for 40 days of storage at 12 ° C  

Coatings Days Coli 45 ºC 
(MPN mL-1) 

Coli 35 ºC 
(MPN mL-1) 

Mesophilic 
Aerobics  

(CFU mL-1) 

Filamentous 
and Yeasts 
(CFU mL-1) 

Chitosan 0 ND ND 2.0x101 1 
Gelatin + CMC 0 ND 5 5.1x101 3 
Chitosan + gelatin 0 ND ND 3.9 x101 2 
CMC 0 ND 4 5.4 x101 5 
Gelatin 0 ND ND 1.32 x102 7 
Control 0 ND ND 1.02 x102 2.4 x 101 
Chitosan 10 ND ND 2.8 x101 5 
Gelatin + CMC 10 ND ND 1.81 x102 6 
Chitosan + gelatin 10 ND ND 6.9 x 101 5 
CMC 10 ND ND 3.30 x102 3.9 x 101 
Gelatin 10 ND ND 1.71 x102 1.88 x 102 
Control 10 ND ND 7.66 x102 6.52 x 102 
Chitosan 20 ND ND 1.2 x 101 6 
Gelatin + CMC 20 ND ND 3.3 x 101 1.0 x 101 
Chitosan + gelatin 20 ND ND 1.1 x 101 8 
CMC 20 ND ND 4.5 x 101 1.1 x 101 
Gelatin 20 ND ND 2.5 x 101 5.4 x 101 
Control 20 ND ND 1.86 x102 8.5 x 101 
Chitosan 30 ND ND 3.53 x102 4.8 x 101 
Gelatin + CMC 30 ND 9 4.71 x102 2.83 x102 
Chitosan + gelatin 30 ND ND 3.69 x102 6.8 x 101 
CMC 30 4 7 4.10 x102 6.5 x 101 
Gelatin 30 4 11 4.80 x102 2.09 x102 
Control 30 9 26 8.92 x102 3.67 x102 
Chitosan 40 ND ND 3.93 x102 5.3 x 101 
Gelatin + CMC 40 ND 11 1.053 x 103 1.02 x102 
Chitosan + gelatin 40 ND 16 7.03 x102 9.2 x 101 
CMC 40 ND 7 2.040 x 103 4.80 x102 
Gelatin 40 11 15 1.487 x 103 3.37 x102 
Control 40 4 9 1.1767 x 104 8.48 x102 

At 30 days of storage coliforms at 35 ºC were not observed in the treatments with chitosan and 
chitosan + gelatin and also in all the treatment with chitosan at 40 days of storage(Table 2). 
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These data indicate that chitosan coatings can be effective to reduce the infestation of coliforms 
during storage and can help to keep away these microorganisms in the water of fruit stored until 
40 days. 
The number (CFU) of mesophilic aerobic bacteria, filamentous fungi and yeasts (Table 2) 
increased during the storage. The lower number of CFU of aerobic mesophilics was observed in 
the water from the fruit treated with chitosan and chitosan + gelatin throughout the storage 
period. 

During storage only three genera of fungi in coconut water were identified in this order of 
frequency: Penicillium, Fusarium and Paelomyces. Fungi were not identified at the beginning of 
storage. At 10 days the first contaminations arised and increased until the end of storage. 
During storage, the water from fruits treated with chitosan and chitosan + gelatin had lower 
rates of contamination. The highest frequency of fungi (Penicillium and Fusarium) on water from 
fruits coated with gelatin suggests that gelatin facilitates the infestation of these fungi. Gelatin is 
an animal protein containing the essential amino acids, except tryptophan, which may have 
favored the faster growth of fungi. The lower frequency of fungi on water from coconuts treated 
with chitosan and chitosan + gelatin shows the effect of antimicrobial properties of chitosan on 
growth of Penicillium and Fusarium. 

Conclus ions  

Coconut coated with chitosan and chitosan + gelatin better preserved the microbiological quality 
of coconut water for natural consumption in the own fruit, indicating the antimicrobial propertie of 
chitosan. 

The main fungi identified in the coconut water during storage were Penicillium, Fusarium and 
Paelomyces, in that order of frequency. 
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Abstract. The objective of the research was to study the shelf life of a milk pomade sweets Ð sherbet 
with crunchy peanut chips. The microbiological stability, moisture content and hardness of the milk 
pomade sweet packed in modified atmosphere (100% CO2) was examined und compared with 
control Ð in air ambiance packed. Several packaging materials (OPP, PP and Multibarrier 60) with 
different barrier properties were used. The studies of the samples were carried out before packaging 
and after 2; 4; 6; 8; 10; 12; 14 and 16 storage weeks. Samples were stored at the room temperature 
+21±1 ¡C. At the beginning of the experiment, the sherbet was in the category of excellent quality in 
terms of taste, smell, and total aerobic cell count (ACC) of microorganisms, moisture content and 
hardness expressed by cutting force. During the storage, these properties changed and decrease in 
product quality because of moisture content reduction was observed.   

The obtained results indicate that different packaging technologies and several packaging materials 
influenced the moisture content dynamics, hardness expressed by cutting force and microbial growth 
in samples. 

Keywords. Shelf life, packaging, aerobic cell count (ACC) of microorganisms, milk pomade sweets
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Introduction 

The shelf life of a product can be altered by changing its composition and form, the environment 
to which it is exposed, or the packaging system (Raisi & Aroujalian, 2007). Nowadays 
microbiological parameters are very meaningful due to development of product manufacturing 
and variety of preservation (!"#$%&'() , 2006). According to Kawo & Abdulmumin (2009), 
sweets receive most of their contamination from their ingredients, although some contaminants 
may be added by unwrapped pieces by air, dust and handling. Additional contamination may 
come from equipment coming in contact with food from packaging materials and from 
personnel. The diffusion of moisture in food materials is of fundamental importance for 
processing and storage. The transport of moisture into or from food materials is an important 
factor in controlling food quality, chemical reactions and microbial growth during storage 
(Sengun, Hancioglu & Karapinar, 2005). One way to slow down moisture transport is to use 
barrier between the domains of a food material. (Ghosh, Duda, Ziegler & Anantheswaran, 2004)  

The milk pomade sweet Ð sherbet currently on local market mainly can be found as weight 
product, leading to hardening, microbial contamination and thereof short shelf life. The task of 
this research was to examine the microbiological quality and hardening of the sherbet packed in 
different ambiances and applying different packaging materials with varied barrier properties. 

Materials and methods 

Experiments were carried out in the laboratories of Department of Food Technology, Latvia 
University of Agriculture and in experimental laboratory of stockholder Laima, Latvia. The object 
of the research was milk pomade sweet Ð sherbet with crunchy peanut chips, produced by 
stockholder Laima, Latvia. Ingredients of sherbet: sugar, peanuts (24%), condensed milk with 
sugar, water, glucose syrup, wafers (wheat flour, egg mass, baking agent (E500), emulsifier 
(soya lecithin), salt. Dimensions of one piece of sherbet in average was 40 x 40 x 8 mm, mass 
30 ± 1g. The study involved preliminary preparation of different polymer pouches from OPP, 
Multibarrier 60 and PP, packaging of sherbets in modified atmosphere (MAP) (100% CO2) and 
air ambiance as control and storage at room temperature at +21±1 ¼C (controlled by MINILog, 
Gresinger electronic) and about of 40% RH for 16 weeks under day and night conditions. The 
materials for experiments were selected with different water vapour transmutation rate and 
various thicknesses. Two pieces of sherbets were placed in each package. Size of each pouch 
was 80 x 120 mm, the total product mass in each package Ð 60±1 g. The results were reported 
as an average value of all determinations. Samples were analyzed before packaging (day 0) 
and after 2, 4, 6, 8, 10, 12, 14 and 16 storage weeks. 

Hardness for freshly manufactured sherbet samples and during storage time was determined as 
cutting force (in N) by using TA-XTplus Texture Analyser. Cutting force was determined for six 
small sherbet samples from each it piece. The maximum cutting force (in N) was detected at the 
deformation rate 10 mm/s and distance 10 mm. 

Microbial analyses were performed accordingly to: Microbiology of food and animal feeding 
stuffs - Horizontal method for the enumeration of microorganisms - Colony-count technique at 
30 degrees ¡C (according LVS ISO 4833:2003) and Microbiology of food and animal feeding 
stuffs - Horizontal method for the enumeration of yeasts and moulds - Part 2: Colony count 
technique in products with water activity less than or equal to 0, 95 (according LVS ISO 21527-
2:2008). 

The results were processed by mathematical and statistical methods. Statistics on completely 
randomized design were determined using the General Linear Model procedure SPSS 16.00. 
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Results and Discussion 

Currently the shelf life of the sherbet packed in cardboard boxes and in air ambience is some 
weeks in retail. This is too short period to meet merchants’ and retailer needs that require 
production of the foods with as possible longer shelf life. In order to have a scientifically validate 
decision for the possible longer shelf life of sherbet, various packaging technology’s in air 
ambience, and modified atmosphere (MAP), as well as packaging material on the physical, and 
microbiological parameters during the storage time was analysed (Figure 1).  

During the storage up to 6 weeks at the temperature of +21±0.5 °C the ACC cfu amount in all 
investigated sherbet samples significantly does not change. For its part during the storage till 16 
weeks the ACC cfu quantity in the sherbet packed in air ambience in cardboard boxes (control – 
sample A) and PP (sample D) increases till maximum admissible level – N ! 104 cfu g-1. Results 
demonstrate that MAP as well as packaging in air ambiance using packaging materials with 
high barrier properties is effective to prevent microbial growth during storage of sherbet and 
enhance the shelf life. Significant difference in ACC cfu amount during storage time is not found 
among B, C, F, G samples (p>0.05), that can be explained by high barrier properties of applied 
packaging materials. 

! "  

Fig. 1. ACC dynamics in air ambience and in MAP packed sherbets during the storage time 
A – in air ambience (control), cardboard box; B – in air ambience, OPP; C – MAP, OPP; D – in air 
ambience, PP; E – in MAP, PP; F – in air ambience, Multibarrier 60; G – in MAP, Multibarrier 60. 

        Maximum admissible level of ACC according to the current guidelines  

Texture changes expressed as cutting force of sherbet samples during the storage up to 16 
weeks in air ambiance and MAP applying various packaging materials is presented in Figure 2. 
Sherbet texture is minimal influenced by used packaging material with varied barrier properties 
as well as ambiance – air and modified atmosphere (CO2 100%), however the cutting force of all 
investigated samples during the storage time up to 16 weeks increases and hardness of control  
sample A particularly differs from all another samples (p<0.05). Sherbet texture is minimal 
influenced by used packaging material with varied barrier properties as well as ambiance – air 
and modified atmosphere (CO2 100%), however the cutting force of all investigated samples 
during the storage time up to 16 weeks increases and hardness of control  sample A particularly 
differs from all another samples (p<0.05). The major reason of hardening can be considered 
water vapour migration through the packaging material and subsequent sucrose crystallisation, 
which promotes hardening.  
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Fig. 2. The cutting force dynamics in air ambience and in MAP packed sherbets during the 
storage time 
A – in air ambience (control), cardboard box; B – in air ambience, OPP; C – MAP, OPP; D – in air 
ambience, PP; E – in MAP, PP; F – in air ambience, Multibarrier 60; G – in MAP, Multibarrier 60. 

Mouth feel, texture and eating qualities are adversely affected by the loss of moisture. For our 
tested sherbet samples mouth feel of all samples during the investigated storage time, except 
control sample A, is acceptable.  

Conclusions  

Packaging in air ambiance and MAP using packaging materials with high barrier properties is 
effective to prevent microbial growth during storage of sherbet and enhances the shelf life. For 
our tested sherbet samples mouth feel of all samples during the investigated storage time up to 
16 weeks, except control sample A in cardboard boxes, is acceptable.  
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Abstract.  
The aim was to identify natural compounds, alternative to antimicrobial chemical additives used in 
the fermented meat industry, able to inhibit spoilage microorganisms without affecting the growth of 
useful ones. Moreover, the effect of natural compounds on protein expression of different food-
related bacteria was studied.  
The antimicrobial activity produced by natural compounds was detected by the agar well diffusion 
assay. The effectiveness of natural compounds in different concentrations was detected evaluating 
the microbial growth in meat broth medium. The effect of natural compounds on the protein 
expression of food related microorganisms was evaluated by electrophoresis with microfuidic 
techniques.  
The results evidenced that three natural compounds (Rosmarinus officinalis, Citrus compositum and 
Malpighia punicipholia) were the most effective in order to inhibit spoilage microorganisms such as 
Clostridium sporogenes, Brochothrix thermosphacta and Pseudomonas fluorescens, without affect 
the growth of Lactobacillus sakei, Staphylococcus xylosus and Kocuria varians, used as starter in 
fermented meat products. Electrophoresis evidenced that natural compounds are also able to affect 
the expression of the microbial protein pattern.  
The research produced promising results on the possibility to obtain innovative fermented meat 
products without chemical additives or with their reduction. Moreover, the results highlighted a 
relationship between the sensitivity/resistance of microorganisms to natural compounds and their 
whole-cell protein expression.  

Keywords. Bio-control, antimicrobial natural extracts, chemical additives reduction  
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Introduction  

The use of natural compounds may represent an important innovation in the food preservation, 
also considering the consumer demand, that requires safe foods in terms of reduction in the use 
of chemical additives (Holley & Patel 2005). Several spices and essential oils may be utilized as 
natural additives alternative to chemicals, thanks to their strong antimicrobial activity (Nychas 
1995; Tassau et al. 2000). There are many scientific reports that highlight antimicrobial effects 
of several natural compounds on pathogenic or spoilage bacteria (Delaquis et al. 2001; Holley & 
Patel 2005). However the literature is very pour in studies focusing on the activity against both 
undesirable and useful microorganisms. This aspect have to be contemplated, considering that 
the presence of many food-related microorganisms assumes a key role in the production of 
fermented foods. Microorganisms are able to react in different ways to the presence of natural 
compounds, but the mechanisms of response, in terms of susceptibility or resistance, are still 
not completely identified. Since several Authors (Burt, 2004; Bakkali et al. 2008) demonstrated 
that the microbial response to stress conditions involves the induction of specific proteins, we 
can suppose that a similar mechanism could be adopted by microorganisms to protect 
themselves against natural compounds, whose presence could be considered as a stress 
condition for the microbial cell. In this study different natural compounds were studied in order to 
assess their ability to inhibit spoilage bacteria without affecting the growth of useful ones. 
Moreover, the effect of natural compounds on the protein expression of different food-related 
bacteria was studied.  

Materials and Methods  

Bacterial strains and natural compounds  
Five undesirable microrganisms (Clostridium sporogenes DSM 795T, Pseudomonas 
fluorescens DSM 50090T, Enterococcus faecium DSM 20477T, Brochothrix thermosphacta 
DSM 20171T , Staphylococcus aureus DSM 20714T) and three useful ones (Lactobacillus sakei 
DSM 20017T , Staphylococcus xylosus DSM 20266T and Kocuria varians DSM 20033T) were 
used in this study. Natural compounds used in this study were extracted by Carica papaya, 
Citrus compositum, Malpighia punicifolia, Medicago composita, Propolis, Raphanus niger, 
Rosmarinus officinalis, Spirulina pacifica. Substances were supplied from Bioma (¨Swiss ). 

Detection of antimicrobial activity 
The inhibitory action of each compound was assessed by the agar well diffusion assay 
(Tremonte et al. 2007). Clear zones around the wells were described as a low (L < 5 mm), 
moderate (M between 5 and 8 mm) or strong (S > 8 mm) inhibitory effect. The presence of 
growth around the well was considered as absence of inhibition (N, neutral).  

The antimicrobial effectiveness was detected by the evaluation of the growth of each 
microorganism inoculated in meat broth added of different concentrations of natural compounds 
(0.1%; 0.5%; 1%). The initial inoculum size was 104 cfu/ml of each bacterium. After incubation 
for 24 h at right temperatures, the bacterial growth was quantified to evaluate the antimicrobial 
activity as !LOG UFC/ml (difference of growth between 24 h of incubation and time zero). 

Detection of the effect of natural compounds on whole-cell protein  

Bacterial strains were inoculated in proper growth media in the presence of each natural 
compound at 1% concentration. Broths without natural compounds were used as control. After 
incubation for 72h, whole cell proteins were extracted and protein patterns were separated and 
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analysed by electrophoresis with innovative microfluidic techniques. Data were analysed and 
compared with the bio-rad experion system software tools (BIO-RAD, USA). 

Results  

Antimicrobial activity  

The results of the agar well diffusion assay are summarized in Table 1. Carica papaya, Propolis 
and Raphanus niger showed a low (L) antimicrobial activity. On the other hand, Rosmarinus 
officinalis, Citrus compositum and Medicago composita were characterised by the largest 
spectrum of activity against both undesirable bacteria and useful ones. Spirulina pacifica and 
Malpighia punicifolia showed an intermediate antimicrobial activity, but interestingly Malpighia 
punicifolia produced inhibition only against undesirable microorganisms, without affect useful 
ones. 
Table 1 Results of  the “Agar Well diffusion Assay”. Clear zones around the wells indicate different levels 
of inhibition. (Low, L<5 mm), (Moderate, M between 5 and 8 mm) , (Strong, S > 8 mm). The presence of 
growth around the well indicates absence of inhibition (Neutral, N). 

 
This effect was highlighted (data not shown) also in the presence of the lowest concentration of 
this compound (0.1%). Among the other assayed extracts, Citrus compositum and Rosmarinus 
officinalis showed a promising application, exerting their inhibitory activity at the lowest 
concentration (0.1%) against C. sporogenes and B. thermosphacta without affecting useful 
bacteria (data not shown).  

Effect of natural compounds on whole -cell pro tein s 

The results, in accordance with other studies (Bakkali et al. 2008), evidenced that 
microorganisms could modify their protein expression in presence of stress conditions such as 
natural compounds with antimicrobial activity. Particular attention was given to the behaviour of 
C. sporogenes, that was chosen as non-pathogenic microorganism to simulate the behaviour of 
pathogenic C. botulinum (Girardin et al., 2005). Moreover the attention was focused on Staph. 
aureus, which was weakly inhibited by natural compounds. When the strain of C. sporogenes 
resulted strongly inhibited by natural compounds, such as Malhighia punicifolia, the 
degradation/non-expression of high molecular weight proteins was observed. These differences 
appeared particularly significant comparing (Figure 1A) the two electropherograms (region 
between 35 and 5 second of migration) related to the growth of C. sporogenes in absence of the 
natural compound (characterized by the presence of five peaks), or in its presence (no evident 
peak). Different results were appreciated when the growth of assayed strains was only 
restrained but not completely inhibited by natural compounds. This case is well explicated by 
the electropherograms (Figure 1B) of whole-cell proteins of Staph. aureus cultivated in absence 
or in presence of Malhighia punicifolia. In detail, new peaks (between 45 and 50 seconds of 
migration) were observed for Staph. aureus cultivated in presence of Malhighia punicifolia. On 
this bases, we can assert that some strains, when are weakly inhibited by the presence of 
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natural compounds, are able to react to the stress through the synthesis of new undefined 
proteins. Finally, the study highlighted that strains not inhibited by the presence of natural 
compounds produced similar electropherograms in presence or in absence of the assayed 
natural compound (data not shown).On the basis of these results we can assert that natural 
compounds are able to affect not only the microbial growth but also the expression of microbial 
protein pattern. 

 
Figure 1AB Elecropherograms of whole-cell proteins of (A) C. sporogenes  or (B) Staph. aureus in 
absence (----) and in presence (----) of Malpighia punicifolia.  

Conclusions  

This research produced promising results which open new horizons on the possibility to produce 
innovative products without chemical additives. However, the most important scientific 
enrichment produced by this study is due to data that describe the relationship between the 
sensitivity/resistance of microorganisms to natural compounds and their whole-cell protein 
expression.  
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Abstract. Natural preservative organic acids (ascorbic, citric and lactic acids) were used to prepare a 
novel organic acid-flake icing system and evaluated for the preservation of three comercially-relevant 
marine species during refrigerated storage: hake, Merluccius merluccius, megrim, Lepidorhombus 
whiffiagonis and angler, Lophius piscatorius. The icing system was prepared with fresh water 
including two different concentrations of a commercial acid mixture-formula containing the three 
organic acids at 800 ppm and 400 ppm (C-800 and C-400 batches, respectively). Aerobic 
mesophiles, psychrotrophes, proteolytic bacteria, trimethylamine and pH value were evaluated in fish 
muscle throughout storage, the results being compared with sensory analysis. Significantly (P<0.05) 
lower counts of mesophiles were determined for hake and megrim in both C-800 and C-400 batches, 
as compared with the C-0 control batch. In the case of angler, significantly (P<0.05) lower counts of 
mesophiles, psycrotrophes and proteolytic microorganisms (P<0.05) were determined as a result of 
employing the C-800 icing conditions. Both C-400 and C-800 megrim batches exhibited significantly 
(P<0.05) lower pH values than the C-0 control batch, a result that was also observed in the C-800 
angler batch. These results were in agreement with sensory analysis, that revealed a shelf life 
extension of the three fish species in the C-800 batch. According to the parameters assessed, 
storage of hake, megrim and angler in the proposed ice system containing natural organic acid 
preservatives allows a better maintenance of their microbial and sensory quality. 

Keywords. fish quality, fish spoilage, fish storage, refrigeration, organic acids, icing sytems, 
microbial quality, sensory quality.  
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Introduction 

Marine species represent perishable products whose quality and freshness rapidly decline post-
mortem due to a variety of microbial and biochemical degradation mechanisms (Pigott & 
Tucker, 1990; Whittle, Hardy, & Hoobs, 1990). Thus, significant deterioration of sensory quality 
and nutritional value undergoes in chilled fish as a result of different damage pathways, such as 
endogenous enzymatic activity, microbial development and lipid oxidation mechanisms 
(Olafsdóttir et al., 1997; Whittle, Hardy, & Hoobs, 1990). With the aim of slowing down the 
mechanisms involved in quality loss, the fish specimens should be refrigerated immediately 
after capture. Therefore, fish has traditionally been cooled and stored in either flake ice (Nunes, 
Batista, & Morâo de Campos, 1992), refrigerated sea water (Kraus, 1992), ice slurries (Barros-
Velázquez, Gallardo, Calo, & Aubourg, 2008; Rodríguez, Barros- Velázquez, Piñeiro, Gallardo, 
& Aubourg, 2006; Rodríguez, Losada, Aubourg, & Barros-Velázquez, 2004) or preserved by 
exposure to chemical agents (Hwang & Regenstein, 1995). Among chemical treatments, natural 
organic acids have shown to represent a relevant choice because of their easy availability, low 
commercial cost as well as  by providing antioxidants and antimicrobial properties in fish stored 
(Aubourg, Pérez-Alonso, & Gallardo, 2004; Alakomi et al., 2000; García-Soto, Sanxuás, Barros-
Velázquez, Fuertes-Gamundi, & Aubourg, 2010). 

The present work was aimed at studying the effects of an organic acid-icing system (including 
ascorbic, citric and lactic acids in icing medium; AA, CA and LA, respectively) on the microbial 
development and shelf-life of three commercially-relevant fish species (hake, Merluccius 
merluccius; megrim, Lepidorhombus whiffiagonis; and angler, Lophius piscatorius) from the 
Grand Sole North Atlantic fishing bank during refrigerated storage. 

Materials and Methods 

The organic acid-icing mixture was elaborated by preparing flake ice with water including two 
different concentration of a commercial formula (800ppm and 400ppm; C-800 and C-400 
conditions respectively). The icing system was applied to hake, Merluccius merluccius; megrim, 
Lepidorhombus whiffiagonis; and angler, Lophius piscatorius. Comparison to fish specimens 
kept under traditional ice prepared only from water (control) was performed in parallel. Fish 
specimens were surrounded by the corresponding ice at 1:1 fish-to-ice ratio and placed in a 
refrigerated room (4ºC). Boxes employed allowed draining and ice was renewed when required. 
Fish samples from the different icing conditions were taken for analysis on days 1, 5, 8, 12 as 
well as at the starting day; day 15 was also considered in the case of hake. The study was 
addressed to evaluate microbial development related to shelf life and quality. The following 
microbial groups were considered: total aerobes were investigated by surface inoculation in 
plate count agar (PCA, Oxoid Ltd., London, UK), after incubation at 30ºC for 48 h. 
Psychrotrophes were also investigated in PCA but incubation was carried out at 7–8ºC for 7 
days. Microorganisms exhibiting a proteolytic phenotype were investigated in casein-agar 
medium after incubation at 30ºC for 48h.  Trimethylamine-nitrogen (TMA-N) values were 
determined by the picrate method, as previously described by (Tozawa, Erokibara, & Amano, 
1971). The evolution of pH value along storage time was determinated by means of a pH 
metter.  A complementary sensory evalutation (eyes, gills, external odour, muscle odour and 
taste) was carried out according to EC guidelines (Council Regulation, 1990).  

For all kinds of fish species and icing conditions, three different batches (n=3) were considered 
and analysed separately troughout the whole experiment. Data were subjected to statistical 
analysis (p<0.05) to explore significant differences as a result of packaging conditions and 
frozen storage time (SPSS inc., Chicago, II, USA).  
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Results 

Microbiological analyses 

The comparative evolution of aerobic mesophiles along storage time in case of hake and 
megrim evidenced significant (P<0.05) lower mesophiles counts in C-800 and C-400 systems, 
as compared with the C-0 control batch. On the other hand, angler stored in C-800 system, 
exhibited significant (P<0.05) lower mesophiles counts than C-400 and C-0 batches. With 
respect to psychrotrophes, statistically-significant (P<0.05) lower counts were determined on 
angler C-800 batch as compared with the C-400 and C-0 batches, and counts of proteolytic 
microorganisms in angler stored in C-800 system were significant (P<0.05) lower as compared 
with the other two batches.  

TMA-N evolution  
In the case of hake, the C-800 batch exhibited lower levels of formation of TMA-N throughout 
storage as compared with the other two batches, a result that indicates that the combination of 
organic acids at this proportion is benefitial due to the slowing down of the microbial production 
of these amines. In the case of megrim, the inclusion of organic acids in the icing system did not 
provide any significant advantage in terms of TMA-N formation. Finally, in the case of angler, 
the incorporation of CA, AA and LA in the C-800 batch provided significant protection as regards 
TMA-N formation as compared with the C-0 batch at all sampling times. Moreover, the C-400 
batch including intermediate concentrations of these natural organic acids was also favourable 
as compared with the C-0 batch. 

pH value analyses  
pH values of megrim muscle stored in the C-800 and C-400 systems were significantly (P<0.05) 
lower as compared with the C-0 control batch. This indicating that the incorporation of natural 
preservatives to the icing system, at any of the two concentrations tested, implied a significant 
reduction of microbial and endogenous alkalinizing mechanisms that may limit fish shelf life. 
Likewise, in the case of angler, the pH value of muscle was significantly (P<0.05) lower as a 
consequence of storing such fish species in the C-800 icing system, as compared with the C-
400 and C-0 control batches. 

Sensory analyses 
In the case of hake, the C-800 batch, incorporating the highest concentration of organic acids, 
showed the best behavior, retaining acceptable quality even after 12 days of storage, a result 
that was not observed in the other two batches. In the case of megrim, only the C-800 batch 
allowed acceptable quality after eight days of storage, as compared with the other two icing 
batches. Finally, angler specimens exhibited a better behavior in all batches as compared with 
hake and megrim. However, the C-800 batch maintained very good sensory quality up to day 
eight, while the other batches were considered to be acceptable at that time. Moreover, angler 
specimens stored in the C-800 organic acid-icing system were acceptable up to day 12, a result 
that was not observed for the other two batches. 

Conclusions 

The microbial and sensory results obtained in this study allow to conclude that such novel icing 
system implied the slowing down of microbial growth in hake, megrim and, especially in angler, 
these results being in agreement with a significant extension of the fish shelf life. These results 
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may be of practical interest for achieving a better preservation of fish quality not only in land but 
also in on-board strategies. 
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Abstract. Turbot (Psetta maxima) and blackspot seabream (Pagellus bogaraveo) represent two of 

the most emerging farmed fish species in European countries. However, the safety of these species 

during their commercialization under refrigeration can be compromised by the presence of histamine-

producing bacteria. As a consequence of this, it is necessary to avoid the formation of this biogenic 

amine by preventing the growth of histamine-forming bacteria during the commercialization of these 

fish species. The aim of this study was to identify, to our knowledge for the first time, the bacteria 

responsible for histamine production in farmed turbot and blackspot seabream. For it, twenty four 

isolates were preliminary selected on Niven medium, 12 from turbot and 12 from blackspot 

seabream. Two strains were confirmed as prolific histamine producers by HPLC: Pseudomonas fragi 

(isolated from turbot) and Pseudomonas syringae (isolated from blackspot seabream), produced 272 

ppm and 173 ppm of histamine, respectively. Mass spectral profiles obtained by MALDI-TOF MS 

provided spectral fingerprints that allowed the rapid identification and classification, ensuring the 

safety of these farmed fish species. 

Keywords. Histamine poisoning, food safety, food toxicology, spoilage microorganisms, bacterial 
identification, emerging technologies, turbot, blackspot  seabream, Pseudomonas.  
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Introduction  

Histamine poisoning is a foodborne chemical intoxication caused by the consumption of foods 
containing toxic levels of histamine. This amine is produced by the conversion of histidine to 
histamine by the action of bacteria that synthesize and secrete extracellular histidine 
decarboxylase (Ben-Gigirey, Vieites-Baptista de Sousa, G. Villa, & Barros-Velazquez, 1999). A 
wide variety of bacterial species that possess this enzyme and have the ability to produce 
histamine have been isolated from different fish species before (for a review: Kim, An, Wei, 
Visessanguan, Benjakul, Morrissey, Su, & Pitta, 2003; Hungerford, 2010).  

Farmed fish species like blackspot seabream (P. bogaraveo) and turbot (Psetta maxima, also 
known as Scophthalmus maximus) are emerging in the Spanish and European market as an 
alternative to extractive fishing. These species have been previously studied in terms of quality 
and shelf-life (Alvarez, Feas, Barros-Velazquez, & Aubourg, 2009; Rodr’guez, Barros-
Vel‡zquez, Ojea, Pi–eiro & Aubourg, 2003), but the identification of bacteria associated to 
histamine production has not been considered before.  

Proteomic approaches, specifically MALDI-TOF mass spectrometry, have been introduced as a 
powerful tool for bacterial identification (Russell, 2009; van Baar, 2000; Bšhme, Fern‡ndez-No, 
Barros-Vel‡zquez, Gallardo, Calo-Mata, & Ca–as 2010a). Recently, specific fingerprints of the 
major biogenic amine-producing bacteria involved in histamine poisoning have been provided 
from our laboratory (Fernandez-No, Bohme, Gallardo, Barros-Velazquez, Ca–as, & Calo-Mata, 
2010). Accordingly, the objective of this work was to identify the bacteria responsible for 
histamine production in blackspot seabream and turbot, and to define species-specific 
fingerprints by MALDI-TOF mass spectrometry. 

 

Materials and Methods  

Specimens of farmed turbot and blackspot seabream were purchased at an aquaculture facility 
and stored under refrigeration. Microbial analysis was done at different sampling times. For the 
investigation of histamine, all the strains were preliminary tested in Niven medium (Niven, 
Jeffrey & Corlett, 1981). All strains showing a positive reaction in this preliminary screening tests 
were further investigated for their ability to produce histamine by HPLC. Genetic identification by 
nucleotide sequencing of the 16S rRNA gene bacteria was also carried out. For MALDI-TOF MS 
analysis, small soluble proteins were extracted from intact bacterial cells using a fast method 
(Bšhme, Fern‡ndez-No, Barros-Vel‡zquez, Gallardo, Ca–as, Calo-Mata & 2010b), these 
analysis being done by cuatriplicate. 

 

Results  

Isolation of potential histamine-producing bacteria and confirmation of histamine 
production by HPLC 

Only two of the 24 strains initially selected for showing a positive reaction in the screening test, 
were able to produce histamine over 10 ppm in 2% TSBH (pH 5.8) supplemented with 0.0005% 
pyridoxal-HCl (Sigma) and incubated at 30¼C for 24 h. The strain Seab02, isolated from 
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blackspot seabream, produced 173±45 ppm of histamine, and the strain Turb47, isolated from 
turbot, produced 272±69 ppm of histamine.  

Genetic identification of selected strains by nucleotide sequencing of the 16S 
rRNA gene bacteria and phenotypic characterization. 
The two bacterial strains were subjected to genetic fingerprinting and sequences were 
compared with other reference strains present in GenBank, the BLAST tool indicated a high 
similarity to Pseudomonas fragi.  

 
MALDI TOF MS fingerprinting and phyloproteomic analysis 
Specific mass lists were generated for each bacterial strain, representing reproducible bacterial 
fingerprints. For species classification, the spectral profiles and peak mass lists were compared 
to the spectral data of reference Pseudomonas strains isolated from fish and seafood products. 
When comparing the peak mass lists, three peaks were determined as genus-specific peaks for 
Pseudomonas (2217, 4127 and 4433 m/z). The spectrum of strain Turb47 exhibited common 
peaks (2534, 3023, 3306, 3593, 5066, 6045 and 7184) with strain Pseudomonas fragi ATCC 
4973 and, in the other hand, the spectrum of strain Seab02 shared peaks (2563, 3586, 3789, 
4433, 5124 and 7173) with strain Pseudomonas syringae ATCC 19310. 

 

Conclusions  

Two new histamine-producing bacterial strains isolated from farmed turbot and blackspot 
seabream have been identified. MALDI TOF MS analysis allowed the classification of the strains 
as Pseudomonas fragi and Pseudomonas syringae respectively. 
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Abstract : Taiwan is situated in the subtropical area and surrounded by the ocean, with plenty of marine 
resources and a wide variety of agricultural products. The rich biological diversity not only is helpful in the 
development of biomass energy and other related sources of raw materials in Taiwan, but also solves the 
problem of uncontrollable energy (including biomass) that mostly imports from overseas. Thus, how 
to effectively expand and utilize the currently available resources is imminent. This study mainly used 
sargassum cristaefolium and the post-harvest banana waste (banana pedicels) to explore the feasibility of 
anaerobic fermentation, and thus to investigate the degradation rate of fermentation after adding cellulase. At 
the first stage, the influences of the characteristics of raw materials composed of C/N ratio on the whole 
anaerobic fermentation system were experimented. In batch experiments, when the organic load was 4gVS, 
with a mixture of 1:10 sargassum cristaefolium and banana pedicels, the gas production was 1101.5±0.2ml/h, 
and the concentration 80%, which was significantly higher than the other mixture proportions. The second 
stage was adding various amounts of cellulase A-300 (300ml), A-200 (200ml), and A-100 (100ml) to the 
mixture and comparing with the non-added group (the control group). The results show that the total gas 
production in A-300, A-200 were 1982ml/h and 1934ml/h respectively, which were also significantly higher than 
the non-added group of 655ml/h; for the suspended solids in A-300 and A-200, the fiber degradation rates were 
better than the other groups. Thus, adjusting C/N ratios and adding different amounts of enzymes can help 
improve the fermentation efficiency.  

 

Keywords: C/N ratio, Banana pedicel, Sargassum cristaefolium, Cellulase 
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Introduction 
This section automatically starts a new page. Start a new paragraph with a single hit of the 
Enter key, without a tab or indent. It will look like a double space between paragraphs. 

Your ordinary text and equations use the Normal Style. You can use italics, bold, underlines, 
superscripts and subscripts. It's best to choose symbols from the Symbol or Arial Basic, Latin, or 
Greek sets; avoid unusual symbols. Use plain text or Equation Editor for equations. Put several 
spaces (not a tab) between the equation and the equation reference number. 

Put your figures and tables where you would like them, generally after their first mention. Cite 
each of your tables, figures, and references in the text, either parenthetically (Anderson, 
Renard, Strein, Cayo, & Mervin, 1998) or as part of a sentence, e.g., Sun & Brosnan (2003b) 
stated thatÉ.  

In general, use SI units. Inch-pound units may be also used to meet the needs of your target 
audience.  

Be sure to have someone proofread your paper.  

Safety Emphasis 

You are urged to discuss the effects of your research, concept, design, technique, material, etc., 
on personal safety, if applicable. In what ways did you consider safety in your project? How will 
your work improve safety? What precautions do you plan or recommend to eliminate the 
adverse effects? 

First-Level Headings Beyond Introduction Use the Heading 1 Style 
Type any combination of Heading 1, Heading 2, text and equations in the Normal Style, figures, 
tables, captions, and lists.  

Secondary Headings 

For second-level headings, type in your words, select them, and pick out the Heading 2 Style 
from the pull-down Styles menu. If necessary, use Heading 3, etc., for lower-level headings.  

How to Handle Graphics--This is in Heading 2 Style 

Put your graphics into the Word document. If you insert a scan, please use 600 dpi line art or 
300 dpi grayscale (.tif or .jpg). If you insert a digital-camera image, please use the "large" .jpg 
setting. Lower-resolution settings may yield fuzzy images in the paper copies. Color figures will 
show color in the web version but the paper version will be in black and white. Please test your 
color figures to be sure they are also legible in black and white. 

Format graphics to be "In Line With Text" or uncheck the "Float Over Text" box. The choices 
vary a bit depending on your version of Word and type of graphic. To do this, first click on the 
figure to select it, then hit Format---Picture or Object---Layout or Position.  

! Put figure hereÑ it will be centered automatically"  

Figure 1. Use the Figure Caption Style for a caption below each figure, outside of the graphics 
box. The graphic itself is in the Figure Style. 
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About Tables 

Table 1. Use the Table Caption Style above each table.  
Material in the table uses the 
Table Contents Style. 

Use standard Word table 
commands. 

Use only solid lines, with no 
diagonals or broken lines. 

   

About Lists 

If you like you may use the List Bullet or List Number Styles for your lists. Type in the material, 
hitting Enter between items. Then, select all the listed items and apply the List Bullet (or List 
Number) Style from the Style menu. If Word forces text into the list against your wishes, hit 
Backspace or select the text and make it Normal style. 
The paragraph above the list is in the List Start Style. This is typically a phrase such as "We 
found that…" used to introduce the list.  

¥ This is an item in a bullet list. Use bullets unless numbering is necessary. 

¥ This is a second item. 

Here is a numbered list: 

1. This is number one. 

2. This is number two. 

Conclusions 

Every paper must have a Conclusion section to restate the major findings and suggest further 
research. It is the last main heading before References. Type any combination of Normal text, 
Heading 2, equations, figures, tables, captions, and lists. 
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of authors' names and dates are exactly the same in the text as in the reference list. 
References to online sources should be avoided. Use full titles for journals, books, 
proceedings, and conferences. References should be given in the following form: 
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Abstract. In our experiment we investigated thermal resistance of Salmonella Enteritidis and Listeria 
monocytogenes inoculated in liquid egg white in function of treatment temperature and heating rate. 
Samples containing about 108 CFUáml-1 cell were heated from 4 to 48,96-56,04 ¡C with a heating 
rate of  0,76-9,24 ¡Cámin-1, and the living germ counts were measured at the treatment temperature 
in specific times by plate pouring technique on XLD or PALCAM Listeria Selective agar medium. 

Central Composite Design (CCD) and Response Surface Method (RSM) was used for data analysis. 
Our results have shown that thermal death of Salmonella Enteritidis is significantly affected by the 
heating rate in addition to the treatment temperature. For example when the refrigerated samples 
were heated with a rate of 9,24 ¡Cámin-1 D52,5 was 2.32 min, but when 0,76 ¡Cámin-1 rate was applied 
D52,5 was 19,23 min. While the rate of heating also significantly affected the thermal resistance of 
Listeri monocytogenes, the thermal resistance capabilities of Salmonella exceeds that of Listeria in 
such treatment conditions. 
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