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Introduction: Meat and meat products are important sources of protein, fat, essential amino acids, minerals and vitamins
and other nutrients. Bologna sausage, a cooked meat product, is one of the most accepted processed meat products and is
consumed and enjoyed worldwide. Among the meat products, sausage and bologna in vacuum packages due to their
variety, easy to use applications and being economical, have become commonplace. The most important problem with
the production, storage and sale of this kind of meat products is their syneresis in the vacuum packages. In addition to an
unpleasant appearance, syneresis leads to accelerating microbial growth and undesirable changes in the flavor and odor
of the product.

The addition of functional ingredients helps to modify the overall technological and sensorial characteristics of a meat
system such as water holding capacity (WHC), fat holding capacity, and texture properties and decrease the syneresis.
Syneresis and purge are seen as a result of retrogradation of starch and this is very common in sliced and vacuum-packed
meat products. Storage of meat products containing high-amylose starches, at low temperatures from around -1 °C to 0
°C for a prolonged time also favors retrogradation. The level of retrogradation depends on the type of starch and wheat
starch demonstrating the greatest tendency towards retrogradation. Chitosan is a natural cationic polysaccharide
antibacterial activity and antioxidant properties in muscle foods during storage. The aim of this study was Investigation
the addition of functional ingredients such as chitosan and potato modified starch in the formulation on the amount of
syneresis, pH, total microbial count and sensory evaluation in two type of products including beef ham and chicken ham
were examined during storage. Then, the effect of vacuum packaging type and the amount of vacuum created in the
package on the amount of syneresis were investigated.

Material and methods: In this study, first various factors such as three levels of chitosan (0, 0.3 and 0.6%) and
replace the wheat starch with three levels of potato modified (0, 5 and 10%) in the formulation on the amount of syneresis,
pH, total microbial count and sensory evaluation in two type of products including beef ham and chicken ham were
examined during storage time (1, 15 and 30 days). In this part of study, samples with least syneresis was selected. After
that various factors of packaging such as two type of vacuum packaging(simple vacuum pack and skin pack) and the
amount of vacuum(5 and 30 millibars) created in the package on the amount of syneresis were examined during storage(1,
15 and 30 days). Wheat starch, potato starch and chitosan were purchased, respectively, from Faradane Company, KMC
Company and Sinaseven Company. Chicken meat was purchased from Fileh Amol Company. Beef was purchased from
Minerva Company of Brazil. All steps of samples’ preparation were performed in the Kalleh Amol Meat company. The
chicken ham samples in this study were consisted of 90% of the chicken meat and beef ham samples were consisted of
90% of beef. Vacuum packaging was done using the machines which were manufactured by the German company
Multivac. Syneresis was measured using the method suggested by Cesare et al. (e 2013). Initial weight of the ham slices
before vacuum packed was measured (P1); at the day of the analysis, the packaging was opened and the slices were dried
with a disposable absorbent towel, then the dried ham slices were weighed again (P2). Syneresis was expressed as:
Syneresis= (P1- P2) x100/P1. This study was conducted in a completely randomized design and Duncan multi-ranged
test was used to determine differences between samples at 95% confidence level.

Results and discussion: According to the results of analysis of variance, there was no significant difference between
the syneresis of beef and chicken ham. The effect of storage time was significant on the syneresis and the syneresis rate
increased with increasing storage time. Also the results showed that adding chitosan and potato modified starch
significantly (p<0.05) reduced the product's syneresis during storage. Potato starch has more water storage capacity and
more amylopectin than wheat starch. For this reason, potato starch has a weaker retrogradation and less syneresis.
Chitosan is a cationic polysaccharide with water absorbing polar groups. Chitosan, also was prevented from decreasing
product’s pH during storage time, that this result showed antimicrobial effect of chitosan on acid lactic bacteria, especially
in 15 and 30 days of storage. For that reason, chitosan prevents product’s pH to reach to its isoelectric pH. According to
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the sensory evaluation results, during the maintenance period, the sensory quality decreased significantly while chitosan
had a significant positive effect on sensory parameters during storage time (P<0.05). Type of vacuum packaging and the
amount of vacuum created in the package showed significant effect on the amount of samples’ syneresis. Skin packaging
showed less syneresis rates than simple vacuum packages. This result can be due to two reasons: one is the shrinkage of
the product in the package, and the other is the amount of the film packing tangency on the surface of the products. So
that by increasing the amount of vacuum, syneresis value increased significantly. Increasing the negative pressure inside
the package caused increase the mechanical pressure by the packaging film on the product. In total, it can be concluded
that with the addition of modified potato starch and chitosan to the formulation, as well as the use of lower-vacuum Skin
packaging, the amount of syneresis of meat products can be significantly reduced.
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