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Hazir Kéftelerin Mikrobiyolojik Kalitesi Uzerine Kitosanin Etkisi

Ozet. Bu gahsma, degisik seviyelerdeki kitosanm hazir kéftelerin mikrobiyolojik kalitesi iizerine
etkisinin arastinimas1 amaciyla gergeklestiriimistir. Farkl seviyelerde kitosan (0, 50, 100, 250 ve 500 mg/kg)
iceren kofte hamurundan sekillendirilen kofte 6rnekleri polietilen filmle kaplandiktan sonra 4°C’de 8 giin
boyunca muhafaza edilmigtir. Muhafaza periyodu sirasinda 6mekler duyusal 6zellikleri ve mikroorganizma
sayilan yoniinden analiz edilmigtir. Kontrol grubuyla kargilastinldiginda kitosan ilavesi kullanilan miktara
bagh olarak mikrobiyel tiremeyi yavaslatnug ve raf dmriinde artiga neden olmustur. Sonuglar hazir koftelerin
mikrobiyolojik kalitesini artrmak ve raf émriinii uzatmak i¢in 100 mg/kg’dan az olmamak iizere kitosan
ilavesinin dogal bir katk: olarak yararh olabilecegini gdstermektedir.

Anahtar Kelimeler: Kitosan, kofle, kalite, mikrobiyoloji

Abstract. The aim of this study was performed to investigate the effects of various levels of chitosaii
on the microbiological quality of meatballs. Meatball samples shaped from batter containing different levels
of chitosan (0, 50, 100, 250 and 500 mg/kg) were wrapped with polyethylene film and stored at 4°C for 8
days. Organoleptic properties and microbial counts of meatball samples were periodically analyzed.
Compared to control group, chitosan addition to meatballs delayed microbial growth and increased the
spoilage period depending on the level used. The results indicated that chitosan addition at level of 100 mg/kg
and over is to be useful as a natural preservative to improve the microbiological quality and extend the shelf-
life of ready to cook meatballs.
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Introduction

The growing consumer demand for food without chemical preservatives has
focused efforts in the discovery of new natural additives. As exhibiting antimicrobial
activity against a range of foodborne filamentous fungi, yeast and bacteria, chitosan is
one of the new generation food additives has attracted attention as a potential food
preservative of natural origin (5).

It’s a natural biopolymer derived by deacetylation of chitin, is 2 major
component of the shells of crustaceans such as crab, shrimp, and crawfish. During the
past several decades, chitosan has been receiving increased attention for its commercial
applications in biomedical, food and chemical industries (28). Various experimental
animal studies have shown that chitosan has beneficial effects like dietary fibers (9, 26,
33). It could not be degraded in the human intestine due to the absence of enzymes such
as chitosanase. In this context, chitosan may behave as dietary fibres which are excreted
without any degradation in the intestine (25). Chitosan is water insoluble but is readily
soluble in dilute organic acid, and becomes a polycationic polymer, which possesses
film forming property. Due to this feature, chitosan can be used as coating material on
food such as fresh fruits and vegetables to preserve the quality and extend shelf life
during storage (1, 2, 13, 25).

Chitosan also prevents microbial activity, targeting the different groups of
microorganisms such as bacteria, fungi and yeasts (8, 14, 16, 34). It’s antimicrobial
mechanism appears to derive in part from ionic interaction between the cationic groups
of the chitosan molecules and the anionic groups of the microbial cell membrane, which
can rupture the cell membrane (11). In addition, chitosan can act as a chelating agent for
certain metals, and in this way it could also interfere in the formation of toxins and in
microbial growth (3). According to some theories oligomeric, chitosan binds DNA and
prevent mRNA synthesis by penetrating into the microorganism (12). Muzzarelli et al.
(15) reported that microbial cells exposed to N-carboxybutyl chitosan underwent
marked morphological alterations in examination by electron microscopy. Microbial
susceptibility depends on type of microorganism, molecular weight, concentration and
deacetylation degree of chitosan; temparature and pH of medium (8, 16-18. 27).

Due to high microbial contamination risk and suitable composition, meat and
meat products are often exposed spoilage and cause to microbial food poisoning easily.
In this respect, safety of production and storage of these products are to be highly
important for consumer health and food safety. Applications of chitosan as a potential
natural antimicrobial agent have been studied in some meat products. It was also
reported that chitosan improved the microbiological quality and extended the shelf-life
of products (4, 22, 23, 29, 32). Meatballs have serious potential risk of microbial
contamination during the production steps and considerably microbial load before
cooking.
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This study was performed to investigate the effects of various levels of chitosan
on the microbiological quality and shelf-life of meatballs.

Materials and Methods

Materials

Chitosan (MP Biomedicals) from a crustecean shell with a molecular weight
(MW) of 120 kDa and deacetylation degree (DD) of 91%, was used. Stock solution of
chitosan (1%) was prepared in 1% acetic acid.

Meatball samples were prepared by conventional methods. Ground beef and
lamb were incorporated with NaCl, spice (powdered black pepper, cumin powder,
powdered red pepper, pimento) and other ingredients (crumbled bread, onion, garlic,
soy protein, parsley, water), and kneaded with hand. The batter was divided into five
batches. The first batch was seperated as a control. The other four batches were
supplemented with chitosan to have a final concentration of 50 mg/kg, 100 mg/kg, 250
mg/kg and 500 mg/kg, respectively. Each batch were homogeneously mixed and
processed into meatballs (25-30 g) by hand. The raw meatballs were placed on
polystyrene plates and wrapped with poliethylene film, and than stored at 4°C for 8
days.

Analyses

During refrigerated storage, meatballs were periodically analysed for their
organoleptic properties and microbial colony counts.

For sensory evaluation, color, brightness and smell of samples were visually
observed during storage period. The darkening and paleness in color, unpleasant odor
were accepted as the beginning of spoilage.

For microbiological analyses, 10 g sample of each meatball sample was
homogenised 1:10 (w/v) with sterile 0,1 % peptone water for 2 min in Stomacher Lab-
Blender (Seward). Serial 10-fold dilutions were prepared from the same solution and
pour-plated (0,1 or 1,0 ml) into selected growth media. Aerobic mesophilic bacteria
were enumerated in standard plate count agar (Merck, 1.05463) after incubation at 37 °C
for 48 h, total coliform in Violet Red Bile Agar (Oxoid, CM 107) incubated for 24 h at
37 °C. Pseudomonas spp in Pseudomonas CFC Agar (Oxoid - CM 559) incubated for
48 h at 25°C and molds and yeasts in Yeast Extract Glucose Chloramphenicol Agar
(Merck, 1.16000) incubated for 5 days at 22°C (7, 10).

The experimental meatball trials were repeated three times at different days.
Colony counts were converted to logarithmic values. All data were analysed statistically
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by one-way of analyses of variance (Anova) and differences among groups were
examined for level of significance by Duncan’s multiple range test (24).

Results and Discussion

Food additives should not cause undesirable alterations in the organoleptical and
textural properties of the food in addition to their main functions. In this study, chitosan
addition caused no abnormal colour, odor, taste, consistency and appearance of the
product. These results are in agreement with findings of Youn et al. (32) in a similar
study that chitosan addition was not caused any undesirable changing on appearance,
taste and scent of food.

Chitosan retarded microbial growth (except mould and yeast) depending on the
level used (Table 1-4). In the microbiological analysis of the meatball samples, it was
observed that the microbial counts increased gradually compared to the control group
during the storage period. Inhibition effect of chitosan was stronger on the total aerobic
mesophile bacteria, and colony counts of samples containing chitosan except 50 mg/kg
were significantly lower than control group at last day of storage.

Table 1: Colony counts of total aerob mesophile bacteria in meatballs during refrigerated
storage (log,o cfu/g = SD).!

Tablo 1: Soguk depolama sirasinda kéftelerdeki toplam aerobik mezofil toplam bakteri sayilari
(log,o kob/g = SD).'

Storage Period (4 °C)
Chitosan level = = - =
1% day 2" day 4" day 6™ day 8™ day

0 mg/kg 6.13£0,20° | 6,23£0,23° 6,75+0,11* 7,29+0,23° 8.12+0,08*
(Control)

50 ma/kg 6,08:020° | 6,192029* | 6,53£025% | 7,20£022° | 7,74+025%
100 mg/kg 6,040,21* | 6,08£0,34* | 6,33£0,31° | 7,0620,18° | 7,49+0,24°
250 mg/kg 6,03+0,22° 6.0040,32* 6,15%0,25% 6,770,07% | 7,28+0,16%
500 mg/kg 6,01+0,22° 5,99+0,32% 6,01+£0,32% 6,47+0,08° 6,87+0,09°

" Initial count: 5,97 logl0 cfwg.
- Means in a column with different letters are significantly (P<0,05) different from one another
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Table 2: Colony counts of coliform in meatballs during refrigerated storage (log,; cfu/g = SD).!
Tablo 2: Soguk depolama sirasinda kéftelerdeki koliform sayilan (log,o kob/g + SD).'

Chitosan Storage Period (4 °C)

level 1% day 2" day 4™ day 6" day 8 day

0 mg/kg 5,35£0,22°% | 5,84=0,06° | 6,33=0,13* | 6,89=0,04* | 7,380,30°
(Control)

50 mg/kg 5,28+0,18 | 573011 | 6,12£0,19® | 6,69+0,12° | 6,98+0,09®
100 mg/kg 5.20+0,15% | 5.61£0,11% | 5,92+0,03% | 6,43+0,12° | 6,78=0,07°
250 mg/ke 5,11£0,08* | 5.4820,12% | 57420,06™ | 6,05£0,09° | 6,470,12%
500 mg/kg 5,11£0,11° | 5300,12° | 35,6120,10° | 5,89+0,04° | 6,19+0,10°

! Initial count : 4,98 logl0 efu/g.
~ Means in a column with different letters are significantly (P<0,05) different from one another

Table 3: Colony counts of Pseudomonas spp in meatballs during refrigerated storage (log;,
cfu/g + SD).!
Tablo 3: Soguk depolama sirasinda koftelerdeki Pseudomonas spp sayilan (log,o kob/g = SD).!

Chitosan Storage Period (4 °C)
level e day qnd day 4t day 6 day g day

0 mg/kg 5,26£0,12°% | 5,6520,13° 06,5140,26 7,260,27° 7,810,067
(Control)

50 mg/kg 5,130,15° | 5.490,18" | 6.31£025° | 6,92£027% | 7,49+0,24%
100 mg/kg 5,00£0,16% | 537+0,06® | 5,92+0,08%® | 6,54£021% | 7,380,20®
250 mgrkg 4,92+0,06° | 521=0,10" | 5.66+0,08* | 6,242021% | 6,070,08%
500 mg/kg 4,85£0,08* | 5,08+0,15° | 526+0,15° | 5.80:026° | 6,640,10°

! Initial count : 4.47 log10 efu/g.
~ Means in a column with different letters are significantly (P<0,05) different from one another

Table 4:  Colony counts of yeast and mould in meatballs during refrigerated storage (log,, cfu/g
+SD).!
Tablo 4: Soguk depolama sirasinda kéftelerdeki kiif ve maya sayilan (log,, kob/g = SD).'

St Period (4 °
Chitosan level : 3 e L herm (¢ 7C) ; =
1% day 2" day 4" day 6™ day 8" day

0 mg'kg 4,1720,26°% | 4,62£035° | 5,02£026° | 5424031 | 5,73x0,20°
(Control)

50 mgikg 4,13£0,27% 452030 | 4,90+0,33% 531032 5,59+0,30°
100 mg/kg 4,10£0,29% 4,49+0,41% | 4,83=0,44% 5,2320,33" 5,50+0,28°
250 mg/kg 4,05£0,30° 4.42+0,41% | 4,78+0,39° 5,15£037° 5,4340,26°
500 mg/kg 4,05£0,29° 4,37+0,32° 4,71=0,37* 5,05+0,29" 5,29+0,26°

" Initial count : 3,92 log10 cfuw/g.
“ Means in a column with different letters are significantly (P<0,05) different from one another
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In this study, we observed that chitosan inhibited the microbial growth but not
caused serious decrease in microbial count. Nevertheless, the similar studies reported
more effective reduction and inhibition than ours. Darmadji ve Izumimuto (4) reported
that chitosan at a concentration of 0,5-1,0% reduced 1-2 log cfu/g on growth of spoilage
bacteria such as Bacillus subtilis, Pseudomonas in minced beef patties stored at 4°C for
10 days. Sagoo et al. (23) reported more effective reduction, 0,3-0,6% concentrations of
chitosan in an unseasoned minced pork mixture reduced yeast and moulds, lactic acid
bacteria and total viable count by up to 3 log cfu/g in the first 3 days of storage at 4°C.
QOuattar et al. (19) applied the antimicrobial films onto vacuum-packaged processed
meats and reported that Enterobacteriaceae and Serratia liquefaciens was delayed or
completely inhibited as a result of film application. Similar findings obtained on the
fresh pork sausages dipped 1,0% of chitosan; 1-3 log cfu/g reduction of microbial count
determined at the end of the storage of 18 days at 7°C. Youn et al. (31) reported
inactivation up to 2 log cfu/g of the total microbial flora in sausage meat following the
addition of 0,35 or 0,5% chitosan. In our study, the detection of slowing down of
microbial growth rather than microbial reduction may have caused as a result of the use
of different molecular weight and deacetylation degree of chitosan.

In the present study, chitosan was ineffective on yeast and mould. There was no
significant differences in the yeast and mould count among the groups during the
storage period. Different findings were reported involved with the effect of chitosan on
mould and yeasts. Roller and Covill (21), who investigated the antimicrobial properties
of chitosan, reported that the presence of chitosan in apple juice (pH 3.,4) at levels
ranging from 0,1 to 5 g/l inhibited growth at 25°C of all spoilage yeasts. Fang et al. (6)
observed that 0,1-5 mg/ml. of chitosan addition (pH 5.,4) inhibited the growth of
Aspergillus spp. and prevented also aflatoxin production. Cuero et al. (3) also reported
that, chitosan inhibited growth of moulds and decreased the production of mycotoxin in
the rate of 90%. Contrary to theese findings, Tsai et al. (29) observed that the effect of
chitosan on fungi was lower than bacteria and no antifungal activity was seen against
Aspergillus fumigatus or A. parasiticus even at 2000 ppm. Roller et al. (22) reported
that at low chitosan concentrations, no inhibition of growth was observed. Rodriguez et
al. (20) reported that treatment of chitosan as edible film suppressed the growth of
Alrernaria sp, Penicillium sp and Cladosporium sp in pizzas. However, they observed
no effect when added into pizza batter. In our study, the poor effect may be due to direct
incorporation of chitosan into processed meats.

In this present study, meatballs with chitosan were showed sings of spoilage
more late than control. The control group without chitosan was spoiled on 6" day of
storage; whereas signs of spoilage were observed in samples containing 50-100 mg/kg
chitosan on 8" day of storage. Moreover, in samples containing 250-500 mg/kg
chitosan, no spoilage was detected during 8 days refrigerated storage. The effects of
chitosan on inhibiting growth of spoilage microorganisms were also investigated by
other researchers. Our results are in agreement with findings of Darmadji and
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Izumimuto (4) in a similar study where concentration of 0,5-1,0% chitosan delayed
spoilage on meatballs. Therefore, Sagoo et al. (23) reported that treatment with chitosan
increased the shelf-life of raw sausages stored at chill temperatures from 7 to 15 days:
similar with our findings, they observed that chitosan addition as a preservative food
additive was quite effective on shelf-life of chilled meat products. Tsai et al. (29)
studied the effect of chitosan on fishery products. They determined that treatment with
concentration of 1,0% chitosan to fish fillets delayed the increase of bazic volatile
nitrogen, inhibited the microbial growth and increased the shelf-life from 5 to 9 days.
Youn et al. (32) observed that chitosan concentrations up to 0,1% extended the shelf-life
and decreased the oxidation on spice mixed meat. Youn et al. (31) reported that sausage
containing chitosan (0,2%) had improved shelf-stability.

The results of this study indicates that addition of chitosan at level of 100 mg/kg
and over to meatballs as a natural and an alternative of preservative food additives may
improve their microbiological quality and extend shelf-life depending on the
concentration used. Nevertheless, the studies involved the effects of chitosan on the
microbiological quality, especially on foodborne pathogens should be supported.
Successful applications of chitosan to inhibit foodborne pathogens in fresh meat would
provide meaningful economic and food safety benefits.

References

1. Butler, B.L., Vergano, P.J., Testin, R.F., Bunn, J.N., Wiles, J.L.: Mechanical and barrier
properties of edible chitosan films as affected by composition and storage. J. Food Sci.,
1996; 61: 953-955, 961.

2. Chien, P.J., Sheu, F., Lin, H.R.: Coating citrus {(Murcott tangor) fruit with low molecular
weight chitosan increases postharvest quality and shelf life. Food Chem., 2007; 100: 1160-
1164.

3. Cuero, R.G., Osuji, G., Washington,A.: N-Carboxymethyl chitosan inhibition of aflatoxin
production: Role of zinc. Biotechnology Letters,1991; 13: 441-444,

4. Darmadji, P., Izumimoto, M.: Effect of chitosan in meat preservation. Meat Science, 1994;
38 (2): 243-254.

Devlieghere, F., Vermeiren. L., Debevere, J.: New Preservation Technologies: Possibilities
and Limitations. Int. Dairy J., 2004; 14: 273-285.

6. Fang, S.W., Li, C.F., Shih, D.Y.C.: Antifungal activity of chitosan and its preservative effect
on low sugar candied kumquat. J. Food Prot. 1994; 56: 136-140.

wn

7. FDA: Bacteriological Analytical Manual. (6" ed.) Food and Drug Administration AOAC Int.
Gaithersburg, 1995.

8. Gerasimenko, D.V., Avdienko, 1.D., Bannikova, G.E., Zueva, O. Yu., Varlamov, V.P.;
Antibacterial effects of water-soluble low-molecular-weight chitosans on different
microorganisms. Appl. Biochem. Microb., 2004; 40 (3): 253-257.



20

Tuba ALDEMIR - Kamil BOSTAN

Han L.K., Kimura, Y., Okuda, H.: Reduction in fat storage during chitin-chitosan treatment
in mice fed a high-fat diet. Int. J. Obes. Relat. Metab. Disord., 1999; 23 (2): 174-179.

Harrigan, W.F.: Laboratory Methods in Food Microbiology. Academic Press, London, 1998.

. Helander, I. M., Nurmiaho-Lassila, E.-L., Ahvenainen, R., Rhoades, J., Roller, S.: Chitosan

disrupts the barrier properties of the outer membrane of Gram-negative bacteria. Int. J. Food
Microbiol. 2001; 71 (2-3): 235-244.

. Jung, B.O, Kim, C.H., Choi, K.S., Lee, Y.M., Kim, J.: Preparation of amphiphilic chitosan

and their antimicrobial activities. J. Applied Polymer. Sci., 1999; 72: 1713-1719.

. Kittur, F.S., Kumar, K.R., Tharanathan, R.N.: Functional packaging properties of chitosan

films. Z. Lesbensm. Unters. Forsch. A., 1998; 206: 44-47.

Liu, X.F., Guan, Y.L., Yang, D.Z., Li, Z., Yao, K.D.: Antibacterial action of chitosan and
carboxymethylated chitosan. J. Appl. Polym. Sci.. 2001; 79 (7): 1324-1335.

. Muzzarelli, R., Tarsi, R., Filippini, O., Giovanetti, E., Biagini, G., Varaldo, P.E.

Antimicrobial properties of N-carboxybutyl chitosan. Antimicrob. Agents Chemother., 1990;
34 (10): 2019-2023.

No, H.K., Park, N.Y., Lee,S.H., Meyers, S.P.: Antibacterial activity of chitosans and
chitosan oligomers with different molecular weights, /nt. J. Food Microbiol., 2002, 74 (1/2):
65-72.

No, H.K., Kim, S.H., Lee, S.H., Park, N.Y., Lee, S.H., Prinyawiwatku, W.: Stability and
antibacterial activity of chitosan solutions affected by storage temperature and time.
Carbonhy. Polym., 2006; 65(2): 174-178.

Omura, Y., Shigemoto, M., Akiyama, T., Saimoto, H., Shigemasa, Y., Nakamura, I,
Tsuchido, T.: Antimicrobial activity of chitosan with different degrees of acetylation and
molecular weights. Biocont. Sci., 2003; 8 (1): 25-30.

Quattar, B., Simard, R.E., Piett, G., Bégin, A., Holley, R.A.: Inhibition of surface spoilage
bacteria in processed meats by application of antimicrobial films prepared with chitosan. Int.
J. Food Microbiol., 2000; 62 (1-2): 39-148.

Rodriguez, M.S., Ramos, V., Agullé, E.: Antimicrobial action of chitosan against spoilage
organisms in precooked Pizza. J. Food Sci., 2003; 68 (1): 271-274.

. Roller S, Covill N.: The antifungal roperties of chitosan in laboratory media and apple juice.

Int. J. Food Microbiol. 1999; 47 (1-2): 67-77.

Roller, S., Sagoo, S., Board, R., O’Mahony, T., Caplice, E., Fitzgerald, G., Fogden, M.,
Owen, M., Fletcher, H.: Novel combinations of chitosan, carnocin and sulphite for the
preservation of chilled pork sausages. Meat Science. 2002; 62: 165-177.

Sagoo, S., Board, R., Roller, S.: Chitosan inhibits growth of spoilage microorganisms in
chilled pork produets. J. Food Mic. 2002; 19: 175-182.

SAS. 1991. SAS User’s Guide. 6th edition. Cary NC: SAS Institute Inc.

. Shahidi F, Arachchi JKV, Jeon YJ.: Food applications of chitin and chitosans. Trends. Food

Sci. Technol., 1999; 10: 37-51.

. Shepherd, R., Reader, S., Falshaw, A.: Chitosan functional propertics. Glycoconjugate

Journal, 1997, 14: 535-542.



30.

3l

(%)
o

33.

34

Effects of Chitosan on the Microbiological Quality of Ready to Cook Meatball 21

Sudharshan, N.R., Hoover, D.G., Knorr, D.: Antibacterial action of chitosan. Food Biotech.,
1992; 6: 257-272.

Terbojevich, M., Muzarelli, R.A.A.: Chitosan. Woodhead Publishing Ltd. Press., 2000.
Tsai, G.J., Su, W.H., Chen, H.C., Pan, C.L.: Antimicrobial activity of shrimp chitin and

chitosan from different treatments and applications of fish preservation. Fisheries Sci., 2002;
68 (1): 170-177.

Wuolijoki, E., Hirvela, T., Ylitalo, P.: Decrease in LDL-cholesterol with microcrystalline
chitosan. Methods Find. Exp. Clin. Pharmacol., 1999; 21: 357-61.

Youn S.K., Park, S.M., Kim, Y.J., Ahn, D.H.: Effect on storage property and quality in meat
sausage by added chitosan. J Chitin Chitosan, 1999; 4 (4): 189-95.

Youn, S.K., Her, .LH., Kim, Y.I., Choi, J.S., Park, S.M., Ahn, D.H.: Studies on the
improvement of shelf-life in spicy beef meat using chitosan. J. Korean Soc. Food Nutr. 2004;
33(1): 207-211.

Wuoelijoki, E., Hirvela, T., Ylitalo, P. Decrease in LDL-cholesterol with microcrystalline
chitosan. Methods Find. Exp. Clin. Pharmacol., 1999; 21: 357-361.

Zheng, LY., Zhu, J.F. Study on antimicrobial activity of chitosan with different molecular
weights. Carbonhy. Polym. 2003; 54: 527-530.



