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Abstract

The effects of ascorbic acid (AA) alone or in combination with sodium acetate/calcium lactate (AA+SACL) and chitosan

(AA+CH) on the physicochemical properties and microbial growth of beef and pork patties stored at 5oC were investigated.

The patties were case-ready packed in an air-containing polypropylene (PP) tray and sealed with polyethylene terephthlate

(PETP)/casted polypropylene (CPP) top film. Treatments with AA, AA+SACL and AA+CH were effective in inhibiting

total aerobic bacteria from day 4 compared to the control. In general, thiobarbituric acid, volatile basic nitrogen, and hue

values in treated samples were lower than the control over the storage, whereas Hunter a* (redness) values and sensory

scores for surface color and off-odor were higher. Regarding quality and shelf-life extension, ground beef and pork patties

treated with AA+SACL produced the most desirable results among all treatments during storage.
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Introduction

When the meats are ground, a greater surface area is

exposed to air and microbial contamination. Therefore,

meat patties become more susceptible to quality changes

induced by oxidation and microbial growth than intact

muscle cuts. As a result, the development of metmyoglo-

bin and off-odor are likely to deter consumers of pack-

aged ground meat patties. Color is the primary quality

attribute indicating the freshness of meat products in a

case-ready (CR) package influencing consumer choice at

the store. Then, after opening the package, consumers

tend to judge freshness by sniffing the odor from the

product. Various attempts have been made to improve the

problems related to discoloration and microbial growth

and to extend the shelf-life of meat patties (Hayes et al.,

2010; Lund et al., 2007; Stubbs et al., 2002). Recently,

however, meat product manufacturers have increasingly

taken to using organic acids including ascorbic acid, lac-

tic acid, acetic acid, and their salts, because they are

widely available, economical, and are recognized as

GRAS substances (McWilliam Leitch and Stewart, 2002).

It was reported that 0.05% ascorbic acid treatment in

ground beef could retard discoloration and rancidity at

least for 5 d (Mitsumoto et al., 1991). Therefore, the use

of ascorbic acid is recommended in the recipe of the meat

patties when considering price, nutritional value and anti-

oxidant effects. Furthermore, it will be interesting to

examine the use of chitosan for meat products because of

its useful effects on the antibacterial, antioxidant and

other functional properties (Knorr, 1982; Razdan et al.,

1994; Sagoo et al., 2002; Soultos et al., 2008).

Applications of organic salts such as lactate and acetate

have been examined and are now commercialized for

improving color stability, enhancing flavor, and retarding

microbial growth in meat and meat products (Jensen et

al., 2003; Smulders and Greer, 1998; Suman et al., 2010).

Lactates are known to promote color stability. For

instance, calcium lactate increased color stability and

decreased metmyoglobin formation in beef steaks

(Lawrence et al., 2004). Sodium acetate was superior to

any lactate in stabilizing ground beef color (Seyfert et al.,

2007). Calcium lactate increased color stability and

decreased metmyoglobin formation in beef steaks

(Lawrence et al., 2004). However, more studies are still
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needed to find the optimum usage level and mixing ratio

of organic salts with other additives which are dependent

on factors including product type, formulation recipe of

raw material and ingredients, and processing conditions

etc.

For marketing meat patties in Korea, ground meats are

generally delivered from factory to retail stores after vac-

uum packaging, and then formed on-site into patties and

packaged in a styrofoam tray overwrapped with polyvinyl

chloride film for sale. However, case-ready (CR) packag-

ing is becoming increasingly important in order to assure

the hygiene and the traceability of the meat products. In

particular, CR packaging is justified on the basis that

ground meat products are associated with a higher level

of health risk than are intact muscle cuts (Eilert, 2005). In

the US, ground beef penetrated the CR market more rap-

idly than intact beef or pork cuts. In 2004, CR packaged

products captured 66% of the ground beef market, while

beef cuts captured only 23% (Belcher, 2006). CR meats

are usually packed in high oxygen modified atmosphere

(MA) with barrier films (Belcher, 2006). However, unlike

the USA and EU countries, Korea does not yet have an

established market for CR packed patties in MA, proba-

bly because of the high investment and operation costs

required. Besides, due to the recent worldwide economic

crisis, local producers of patty products are trying to

reduce production costs, for example, by the partial sub-

stitution of beef with cheap pork. Nevertheless, they are

eager to seek a way to extend the shelf-life of products as

long as possible while meeting the consumer demand.

However, the effect of antioxidant and antimicrobial

additives on the beef and pork mixed patties in an air-

containing package has rarely been examined (Rojas and

Brewer, 2007). Therefore, we examined the effects of

several organic acids and salts, and chitosan on the phys-

ical and chemical properties, and microbial growth in

beef and pork patties during chilled storage, when packed

in an air-containing PP tray as a CR packaging. 

Materials and Methods

Manufacturing and packaging of patties 

Vacuum packaged frozen beef (chuck) imported from

Australia was thawed overnight in a 10oC chill room and

ground through a 8 mm hole plate by meat grinder (622,

Mado Co., Switzerland). Vacuum packaged fresh pork

(hams), about 1 wk post-mortem, was supplied by a local

meat packer (Bodam Co., Korea) was ground through a 3

mm hole plate. Ground beef and pork (ratio: 3:2(w/w))

were thoroughly mixed within a mixer (Thematec Food

Ind., Co., Korea) after adding 0.3% NaCl, 0.2% sodium

tripolyphosphate, 4.0% hardtack powder, and 21% spices

and seasonings. Five kilograms of ground meat products

were then vacuum packaged in a polyamide/polyethylene

laminated pouch (15/85 µm, O
2
 Permeability: 40 mL/m2/

24 h/atm at 23oC). Twenty-five kilograms of sample meat

in 5 pouches were then transferred in an ice-box (ICDC-

260, Olivo, France) maintained at +1oC for approxi-

mately 4 hrs to the laboratory. 

The samples were allocated to 5 treatments as follow-

ing: (i) control (CON) added with NaCl, phosphates,

hardtack powder, and spices and seasonings, (ii) T-1

(AA): (i)+ L-ascorbic acid (Junsei Chemical Co., Ltd.,

Japan) 500 ppm, (iii) T-2 (AA+SACL): (ii)+sodium ace-

tate (Showa Chemical Co., Ltd., Japan) 1,500 ppm+cal-

cium lactate (Daejung Chemical and Metals Co., Ltd.,

Japan) 500 ppm, and (iv) T-3 (AA+CH): (ii)+chitosan

(polymeric type, Mw=640,000; KL-245, Kitolife Co.,

Korea) 7,000 ppm. The ground meats were formed into

150 g patties with a circular template (d=10 cm and 1.8

cm in depth) and wrapped with a 30 µm thick low density

polyethylene film (LDPE) (O
2
 permeability: 4,730 mL/

m2/24 h at 23oC). Then, a patty was placed on a 65 µm

thick PP tray and sealed with PETP/CPP laminated film

(12/40 µm, O
2
 permeability: 92 mL/m2/24 h at 23oC).

Packaged patties were stored in the dark at 5oC for 10 d

and were analyzed periodically every 2 d.

Microbiology

Total aerobic bacteria (Standard-1 agar, Merck),

Pseudomonas spp. (GSP agar, Merck), lactic acid bacteria

(MRS agar, Merck), and coliform bacteria (3M) were

determined during storage of the patties. Ten grams of

sample were cut off from the rim of each patty and mixed

for 3 min in the Stomacher (Stomacher 80, Seward Med-

ical, UK) after adding 9 parts of 0.1% sterilized peptone-

water. The procedure for the sample preparation, inocula-

tion and incubation was followed according to the

method of Lee and Yoon (2001).

Physicochemical analysis

Hunter L* (lightness), a* (redness) and b* (yellowness),

and hue (arc tan b/a) values were measured on the sur-

faces of the raw patties immediately upon opening the

package using a color difference meter (CR-300, Minolta

Co., Japan) with a 38 mm diameter aperture. D65 illumi-

nant and standard 10o observer were used for measuring

color characteristics. pH was measured using a combined
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glass electrode (720A, Orion, USA). Changes in the TBA

(thiobarbituric acid) were used to assess lipid oxidation

according to the method of Witte et al. (1970). The VBN

(volatile basic nitrogen) test using the microdiffusion

technique of Conway (1958) was used to determine pro-

teolytic degradation. Samples of ground meat approxi-

mately 1 cm thick were collected for TBA and VBN

tests. Gas composition (O
2
, N

2
 and CO

2
) in the headspace

of the package was monitored by using a gas chromatog-

raphy (7890A, Agilent Technologies, Germany) fitted

with a TCD detector. The analysis conditions of gas chro-

matography are shown in Table 1.

Sensory evaluations

A trained, 8-10 member panel composed of faculty

members and students in the meat processing laboratory

of Gangneung-Wonju University evaluated raw patty

samples using a 9-point hedonic scale for discoloration

(9: none, to 1: total) and off-odor (9: none, to 1: extreme).

Panelists were experienced in evaluating and tasting

ground meat patties. The samples for sensory evaluation

were presented in PP trays identified with three-digit ran-

dom numbers, which were illuminated under natural flu-

orescent light, positioned so that it provided 1,200 luxes

at the surface of sample. Shelf-life for marketability was

defined as the point of time when the sensory score was

evaluated below 5.0. 

Statistical methods

Data were analyzed using SPSS statistical program

(Ver. 14, SPSS Inc., USA). Furthermore, Duncan’s multi-

ple range test was used to compare means and signifi-

cance which was established at p<0.05.

Results and Discussion

Microbiology

The microbiological changes of beef and pork patties

during storage at 5oC are presented in Table 2. The total

aerobic plate count (TPC) was initially 4.81 log cfu/g

which increased steadily with the storage and reached

close to 8.0 log cfu/g at days 8 and 10 in the CON and

treated samples, respectively. The TPC was significantly

Table 1. Conditions of Gas Chromatography for gas analysis

Column Carboxen-1000 (Supelco)

Detector

Detector temp.

TCD

300oC

Oven temp.
Held at 30oC for 7 min and programmed

to 300oC at 10oC/min.

Carrier gas He (35 psi, total flow 50 mL/min)

Injection 100 µL, 30oC, splitless

Table 2. Changes in microbes of case-ready packaged beef and pork patties treated with different additives during storage at 5oC

Unit: log cfu/g

Microbes Treatment1)
Storage time (d)

0 2 4 6 8 10

Total aerobes

CON 4.81Aa 5.08Ab 5.93Dc 6.73Cd 7.85Ce 8.76Cf

AA 4.81Aa 5.07Ab 5.68Bc 6.08Ad 6.91Be 7.89Bf

AA+SACL 4.81Aa 4.94Aa 5.54Ab 6.04Ac 6.48Ad 7.80Ae

AA+CH 4.81Aa 5.06Ab 5.86Cc 6.15Bd 6.95Be 7.90Bf

Lactic acid 

bacteria

CON 4.63Aa 4.84Bb 5.58Cc 6.11Dd 6.30De 7.42Df

AA 4.63Aa 4.83Bb 5.47Cc 5.92Cd 6.00Cd 6.97Ce

AA+SACL 4.63Aa 4.73Ba 5.29Bb 5.84Bc 5.62Ad 6.41Be

AA+CH 4.63Aa 4.56Aa 5.15Ab 5.35Ac 5.88Bd 6.28Ae

Pseudomonas

CON 3.40Aa 3.76Ba 4.41Cc 4.74Bd 5.09BCe 5.96Cf

AA 3.40Aa 3.61ABb 4.09Bc 4.16Ac 5.03Bd 5.79Be

AA+SACL 3.40Aa 3.50Aa 3.52Aa 4.06Ab 4.53Ac 5.51Ad

AA+CH 3.40Aa 3.74Bb 4.02Bc 4.18Ac 4.97Bd 5.89Be

Coliforms

CON 2.02Aa 2.61Bb 2.71Bbc 2.77Bc 2.78Bc 2.92Dd

AA 2.02Aa 2.49Bb 2.65ABc 2.68ABc 2.72Bcd 2.84CDd

AA+SACL 2.02Aa 2.24Ab 2.48Ac 2.53Acd 2.59Acd 2.63Ad

AA+CH 2.02Aa 2.47Bb 2.52ABbc 2.56Abc 2.60Ac 2.76BCd

1)CON: Control, AA: Ascorbic acid 500 ppm, AA+SACL: Ascorbic acid 500 ppm+Na-acetate 1,500 ppm+Ca-lactate 500 ppm, AA+CH:

Ascorbic acid 500 ppm+Chitosan 7,000 ppm.
A-D: Means with different letters with a column of each storage period are significantly different (p<0.05).
a-f: Means with different letters with a row of each treatment period are significantly different (p<0.05).
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affected by all treatments from day 4 compared with the

CON samples (p<0.05). Among the treatments, samples

treated with AA+SACL had the lowest TPC from day 4

(p<0.05).

Increasing trends over the storage period were also

observed for lactic acid bacteria (LAB), Pseudomonas

spp., and coliform bacteria. The dominant flora was LAB

during the whole storage time, while the growth of

Pseudomonas spp. was slightly inhibited and coliforms

distinctly inhibited, probably by LAB. The counts of

LAB were lower in the treatments than in the CON dur-

ing storage time. The inhibition of LAB occurred mostly

in the samples treated with chitosan, followed by those

treated with AA+SACL and those treated with just AA.

The growth of Pseudomonas spp. during storage was

affected by the addition of organic acids or salts and chi-

tosan in the same way as in the LAB. However, the most

effective additive for suppressing the growth of

Pseudomonas spp. was found to be AA+SACL. The

counts of coliforms didn’t exceed the level of 3.0 log cfu/

g after 10 d in all samples throughout the storage. How-

ever, the growth of coliforms was slightly inhibited by the

combined treatment of AA+SACL compared to the CON

samples (p<0.05). 

The antimicrobial effect of ascorbic acid on ground

meat has been reported controversially. The effect of 500

ppm sodium ascorbate on the TPC of ground beef was

not shown in the study of Rhee et al. (1997). Contrarily,

Kulshrestha and Rhee (1996) found the addition of 500

ppm sodium ascorbate was effective in reducing the TPC

of precooked and aerobically packaged beef patties. In

our experiment, the treatment of beef and pork patties

with 500 ppm ascorbic acid showed antimicrobial effects

as observed with the decreased counts of total aerobes,

LAB, and Pseudomonas spp. over the storage period. Gir-

oux et al. (2001) also reported that the lag phase of micro-

bial growth was extended and the counts of total aerobes

and coliforms in the beef patties were reduced by approx-

imately 2 logs by the addition of 5,000 ppm ascorbic

acid.

The antimicrobial efficacy of organic acid and salts in

meat products are affected by the acid type used, its con-

centration, application method, initial bacterial load, and

composition of products etc. (Samelis and Sofos, 2003).

Organic acid salts have antimicrobial properties against

non-pathogenic and pathogenic bacteria in meat products

(Bloma et al., 1998; Chen and Shelef, 1992; Miller and

Acuff, 1994). For instance, lactates and acetates have

proven their antimicrobial effects in ground meat prod-

ucts (Maca et al., 1997; Rhee et al., 1997; Sallam and

Samejima, 2004; Tan and Shelef, 2002). It might be note-

worthy that a significant microbial inhibitory effect was

achieved in our experiment at a relatively low concentra-

tion of organic acid salts (sodium acetate 1,500 ppm+

calcium lactate 500 ppm) as compared to other research

in which in most cases 1-3% concentration was applied.

In this connection, it was reported that the combined use

of lactate and diacetate was more effective for shelf-life

extension than individual use (Adams and Hall, 1988;

Jensen et al., 2003).

The antimicrobial properties of chitosan in various

meat products have been well documented by other

authors (Darmadji and Izumimoto, 1994; Roller, 2003;

Sagoo et al., 2002). Chitosan exhibits antimicrobial activ-

ities against a wide range of food spoilage and pathogenic

bacteria for which a minimum concentration of 500 ppm

is required (Kanatt et al., 2008). Georgantelis et al.

(2007) have observed a significant reduction of microbial

population in fresh pork sausages by the addition of

10,000 ppm chitosan. López-Caballero et al. (2005) have

found that the antibacterial effect was not demonstrated

when powdered chitosan (1.5%) was mixed into fish pat-

ties with a neutral pH. In acidic conditions, especially in

pH values lower than 6.3, the pKa of chitosan, the antimi-

crobial activity of chitosan increases. This is because chi-

tosan is protonated in acidic pH which promotes

electrostatic binding with anionic charged bacterial sur-

faces and resulting in elevated antimicrobial activity

(Herander et al., 2001) As shown in Fig. 1, the pH values

Fig. 1. Changes in pH values of case-ready packaged beef

and pork patties treated with different additives dur-

ing storage at 5oC. : Control, : Ascorbic acid

500 ppm, : Ascorbic acid 500 ppm+Na-acetate

1,500 ppm+Ca-lactate 500 ppm, : Ascorbic acid 500

ppm+Chitosan 7,000 ppm.

◆ ■

▲

×
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of chitosan treated samples were lower than 6.3 from day

4; it can be assumed that the antimicrobial activity of chi-

tosan was strengthened by its combined use with ascorbic

acid. 

pH, TBA, and VBN values

Changes in pH, TBA, and VBN values during storage

of beef and pork patties are shown in Fig. 1-3. The initial

pH value of the chitosan treated samples was signifi-

cantly higher than other samples which were around 6.1

(p<0.05). pH values gradually decreased over the storage

in all samples (Fig. 1). This might be associated mostly

with the increase of LAB counts during storage. The pH

of ascorbic acid solution used in this experiment was very

low (pH 1.7). However, the pH values of samples treated

with ascorbic acid, except in AA+CH samples, were not

significantly different from those of the CON samples.

This could be due to the relatively low concentration of

ascorbic acid (500 ppm) and the buffer capacity of meat.

The pH values of patties treated with chitosan were

significantly higher than the other samples until day 8.

This might be due to the high pH value (7.0) and the

relatively high addition (7,000 ppm) of chitosan, and low

counts of LAB. Similar trends have also been observed

by others (Georgantelis et al., 2007; Jo et al., 2001).

The TBA values used as an index for the lipid oxida-

tion increased significantly in the CON samples from

0.09 mg MA/kg initially to 0.34 mg MA/kg at the end of

storage. The TBA values in the AA, AA+SACL, and

AA+CH samples were significantly lower than the CON

over the storage (p<0.05). Among the treated samples,

there were no significant differences observed in the TBA

values throughout the storage (p<0.05). Darmadji and

Izumimoto (1994) also reported that the use of 1% chito-

san for beef patties was effective to reduce the TBA val-

ues up to 70% after 3 d at 4oC. 

The antioxidant activities of ascorbic acid are

dependent on the concentration of ascorbic acid and

Fe(III) (Lee and Hendricks, 1997). At a concentration

between 200 and 300 mg/kg, it acts as a prooxidant, but

above this concentration it exerts an antioxidant activity

(Decker and Xu, 1998). The antioxidant effects of ascor-

bic acid in terms of inhibiting lipid oxidation have been

reported in ground patties made of beef with 500 ppm

ascorbic acid (Mitsumoto et al., 1991; Rhee et al., 1997),

pork with 3,000 ppm calcium ascorbate (Moon et al.,

2008), and chicken with 500 ppm ascorbic acid (Naveena

et al., 2008). However, Cheng et al. (2007) found a non-

significant reduction of TBA values in raw pork patties

treated with 550 ppm ascorbic acid. Mitsumoto et al.

(2005) observed a different effect of ascorbic acid on

reducing TBA values depending on its concentration and

the meat species. The effect of ascorbic acid on the beef

patties was not significant at the concentration of 200

ppm while it was significant at the addition of 400 ppm.

Contrarily, the effect of ascorbic acid was not observed in

chicken patties with the addition of either 200 or 400 ppm

ascorbic acid. Most of these observations were made not

for patties during storage, but directly after manufacturing.

Fig. 2. Changes in thiobarbituric acid values of case-ready

packaged beef and pork patties treated with different

additives during storage at 5oC. : Control, :

Ascorbic acid 500 ppm, : Ascorbic acid 500 ppm+

Na-acetate 1,500 ppm+Ca-lactate 500 ppm, : Ascor-

bic acid 500 ppm+Chitosan 7,000 ppm.

◆ ■

▲

×

Fig. 3. Changes in volatile basic nitrogen values of case-

ready packaged beef and pork patties treated with dif-

ferent additives during storage at 5oC. : Control,

: Ascorbic acid 500 ppm, : Ascorbic acid 500

ppm+Na-acetate 1,500 ppm+Ca-lactate 500 ppm, :

Ascorbic acid 500 ppm+Chitosan 7,000 ppm.

◆

■ ▲

×
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With the beef patties packaged in MAP (70% O
2
+20%

CO
2
+10% N

2
), non-significant antioxidant or even

prooxidant effects were observed compared to the control

samples when 500 ppm ascorbic acid was added

(Sánchez-Escalante et al., 2001, 2003). In our experi-

ment, the difference in the TBA values between the CON

and samples treated with ascorbic acid seemed not to be

distinctive at the beginning of storage. However, the TBA

values of the CON samples rose sharply with the exten-

sion of storage while their increase in treated samples was

minimal. 

Realini et al. (2004) pointed out that the effect of ascor-

bic acid on beef patties was dependent on the fatty acid

composition and antioxidant content of the meat. Patties

made with grass-fed beef demonstrated more stability

against lipid oxidation than those made with grain-fed

beef during storage for 8 d because of higher antioxidant

contents, in spite of higher polyunsaturated fatty acid

contents in the former than the latter. Based on all those

observations, the effectiveness of ascorbic acid might be

influenced by various factors, for instance, its concentra-

tion, the storage time, the balance between antioxidants

and prooxidants (Monahan, 2000), and the gas milieu sur-

rounding the sample.

The use of acetate/lactate or chitosan in combination

with 500 ppm ascorbic acid didn’t seem to have any syn-

ergistic effect on retarding lipid oxidation compared to

the use of ascorbic acid only. This result was not in agree-

ment with others who observed a synergistic effect for

inhibiting lipid oxidation when ascorbic acid was used in

combination with other antioxidants, for instance, toco-

pherol and sesamol for irradiated ground beef (Ahn and

Nam, 2004), tocopherol for ground beef (Mitsumoto et

al., 2006), carnosine for beef patties (Lee et al., 1999),

and rosemary for beef patties in MAP (Sánchez-Escalante

et al., 2003). 

All samples investigated in our experiment seemed not

to be affected by rancidity until the end of storage, despite

the report that rancid flavor is initially detected in meat

products with TBA values between 0.5 and 2.0 (Gray and

Pearson, 1987). As Lee et al. (2004) and Zhao et al.

(1994) indicated, lipid oxidation is not a limiting factor

for aerobically stored meats because microbial spoilage

or discoloration develops earlier than lipid oxidation

(Zhao et al., 1994).

VBN value, which is currently used in routine monitor-

ing of protein degradation of raw meat in Far East coun-

tries, was in the control samples initially at 5.1 mg% (Fig.

3). However, it increased linearly with storage time to

29.4 mg% at day 10. The CON samples exceeded the

putrefaction criterion of 20 mg% for VBN value as pre-

scribed in the Korean regulation (KFIA, 2009), at day 8.

In the comparison, the VBN values of all of the treated

samples were significantly lower than the CON samples

Table 3. Changes in color attributes of Hunter L*, a*, b* and hue values of case-ready packaged beef and pork patties treated

with different additives during storage at 5oC 

Parameter Treatment1)
Storage time (d)

0 2 4 6 8 10

L*

CON 44.1Aa 42.8Ab 42.1BCc 41.9Ac 42.1Ac 43.6Aa

AA 46.5Ca 46.1Ba 42.3Cb 41.6Ac 41.6Ac 47.5Ca

AA+SACL 45.7Bb 43.2Ac 41.6Ad 43.6Cc 42.2Acd 47.0BCa

AA+CH 43.8Ab 42.8Ac 41.8ABc 42.6Bc 42.1Ac 46.1Ba

a*

CON 11.2Aa 09.1Ab 06.3Ab 06.4Ad 05.1Acd 05.6Ac

AA 11.6Ba 09.8Bb 09.7Cb 08.4Bc 07.7Bd 05.8Ae

AA+SACL 12.5Da 09.9Bb 09.5Bb 09.0Cbc 08.3Cc 05.7Ad

AA+CH 12.0Ca 11.6Ca 10.0Db 09.2Cc 08.8Cd 06.8Be

b*

CON 17.9Aa 17.9Ba 12.8Ac 12.6Ac 15.1Ab 17.5Ba

AA 18.7Ba 15.9Ac 14.5Bd 14.5Bd 17.3BCb 15.1Ac

AA+SACL 19.2Ca 17.7Bab 17.3Cb 17.0Cb 16.7Bb 15.1Ac

AA+CH 18.6Ba 18.1Ca 18.7Da 18.2Dab 17.6Cb 18.0Bb

Hue

CON 57.9BCa 63.1Cb 63.9Cb 63.1Bb 71.2Cc 72.1Bc 

AA 58.3Cb 58.2Ab 56.2Ab 59.9Ac 66.1Bd 68.9Ae

AA+SACL 56.9Aa 60.8Bb 61.2Bbc 62.1Bc 63.5Ad 69.2Ae 

AA+CH 57.2ABa 58.6Ab 61.8Bc 63.1Bd 63.4Ad 69.3Ae 

1)Refer to Table 1.
A-D, a-f: Same as in Table 1.
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and maintained below the limit value. This result suggests

that there was at least no visible evidence of spoilage by

proteolysis in the treated samples up to the end of storage.

Among the treated samples, the VBN values of patties

with ascorbic acid alone were slightly but insignificantly

lower (p>0.05) than the other treated samples to which

sodium acetate/calcium lactate or chitosan was addition-

ally added. Therefore, the use of acetate/lactate or chito-

san in addition to 500 ppm ascorbic acid seems not to

have any evidence of a synergistic effect in terms of

delaying proteolysis compared to the ascorbic acid alone.

Color changes

The color changes during storage are presented in Table

3. The L* values for all samples showed a decreasing

trend as the storage extended and increased again after 10

d. The a* values in all samples decreased gradually with

prolonging the storage. The b* values tended to decrease

with time except in the control samples where a sharp

increase was observed. A gradual increase in the hue val-

ues was observed in all of samples with storage time.

Similar results were also reported elsewhere (Banón et

al., 2007; Seyfert et al., 2007). The treated samples

tended to have higher a* values and lower hue values

compared to the CON samples throughout the storage.

Among the color parameters, a* and hue values seemed to

have a good correlation with discoloration. Hue values

are known to be attributed to the oxidative accumulation

of metmyoglobin with time (Doherty et al., 1996).

Among the treated samples, chitosan and AA+SACL

samples showed a higher a* values compared to AA sam-

ples until day 8. This observation is in agreement with

others who reported a better color retaining property by

the addition of chitosan (Darmadji and Izumimoto, 1994;

Lee et al., 2003), and lactate and/or acetates (Bradford et

al., 1993; Jensen et al., 2003; Seyfert et al., 2007) for the

preservation of meat and meat products. Regarding the

use of antioxidants as observed in this study, the results

for the quality keeping property in terms of color reten-

tion show a similar trend to the development of lipid oxi-

dation. These findings are supported by Kannan et al.

(2001) who indicated that the meat pigment oxidation is

positively correlated with lipid oxidation. 

Gas composition in the headspace of packages

The oxygen, nitrogen and carbon dioxide concentra-

tions in the headspace are shown in Fig. 4. The gas com-

position within the package of meat products can be

changed depending on factors such as microbial growth,

enzymatic reaction, solubility of gasses into meat and the

penetration rate of gasses through packaging materials

etc. The oxygen concentration was initially 19.5% which

was then gradually decreased below 10.0% after 10 d.

Instead of the oxygen depletion, carbon dioxide concen-

tration increased dramatically at the end of storage. In

particular, the carbon dioxide concentration increased

dramatically after 8 d in the control, AA and AA+CH

samples, while it is observed after 10 d in the AA+SACL

samples. These changes of the gas concentration in the

extended storage might be attributed to the increased

microbial population by which the carbon dioxide is pro-

duced in compensation for oxygen (Laleye et al., 1984).

The rate of generated carbon dioxide might be high

enough to induce accumulation in the package. The rela-

Fig. 4. Changes in gas composition in the head space of case-ready package for beef and pork patties during storage at 5oC.

: Control, : Ascorbic acid 500 ppm, : Ascorbic acid 500 ppm+Na-acetate 1,500 ppm+Ca-lactate 500 ppm, :

Ascorbic acid 500 ppm+Chitosan 7,000 ppm.

◆ ■ ▲ ×
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tively thick tray and low gas permeability of lid film

might help to create the carbon dioxide-rich atmosphere

in the package with storage time. The increase of carbon

dioxide in the meat package was attributed partly to the

interactions of gas solubility, temperature, headspace vol-

ume, and microflora activity (Daun et al., 1971; Laleye et

al., 1984). Carbon dioxide has an effect of extending the

storage life of chilled meat, even though the growth of

LAB and facultative anaerobes is not affected by carbon

dioxide (Gill and Tan, 1980). The changes in the gas

composition inside the packages of the patties investi-

gated in our experiment, that is elevated carbon dioxide

and reduced oxygen concentration, could not have

exerted any positive effect on suppressing the microbial

growth while the products were fresh enough. 

Sensory evaluation

Table 4 shows a comparison of the sensory quality

changes of beef and pork patties during storage. Evalua-

tion showed a declining tendency to discolor over longer

storage. The color scores of the treated samples were

slightly higher than the CON samples over the storage

period. Among the treated samples, the color of AA+

SACL samples was determined to deteriorate more

slowly than the AA and AA+CH samples after 6 d.

With regard to off-odor, evaluation scores for the con-

trol samples became significantly lower than the treated

samples after day 8. Among the treated samples, AA+

SACL samples were evaluated to have the lowest off-

odor score (p<0.05). At this time, the typical odor profile

was described as sour-acid, stale and slightly putrid.

Sour-acid aroma is commonly associated with spoilage

by lactic acid bacteria and is an indication of product

deterioration (Sutherland et al., 1976). Martinez et al.

(2007) observed that the high degree of discoloration in

pork sausage is highly associated with lipid oxidation,

resulting in the decreased oxidative stability and incre-

ased off-odors during storage, especially after further pro-

cessing involving addition of salt. Sensory evaluation

scores below 5.0 are presumed to reduce the market value

of the product. Only the AA+SACL treatment and possi-

bly the chitosan samples preserved market quality until

the 8th day. 

In order to identify the best way to extend the shelf-life

of beef and pork patties by preventing the development of

discoloration and off-odor, the effects of adding just

ascorbic acid, adding sodium acetate combined with cal-

cium lactate, and adding chitosan were tested in patties

stored at 5oC. Compared to control samples, the additives

were effective in retarding discoloration and microbial

growth. Similar antimicrobial effects were noted in the

ascorbic acid samples to the acetate/lactate salts or chito-

san samples. The antimicrobial effect comparable to the

acetate/lactate salts or chitosan samples was noted in the

ascorbic acid samples. It was found that color retention,

as judged by instrumental analysis based on a* and hue

values, was enhanced by adding acetate/lactate salts and

chitosan, reinforced by sensory evaluation of surface

color by an experienced panel. With regard to the TBA

and VBN analysis, it was found that the control samples

proved to have higher values than the other treated sam-

ples. In conclusion, it was possible to extend the shelf-life

of beef and pork patties by the addition of ascorbic acid,

acetate/lactate salts and chitosan compared to the control.

The effect was most pronounced in the acetate/lactate

samples. However, any commitment to the use and con-

centration of appropriate additives in the recipes for beef

and pork patties will have to be made on the basis of a

thorough cost and benefit analysis.

Table 4. Changes in sensory attributes of case-ready packaged raw beef and pork patties treated with different additives during

storage at 5oC

Parameter Treatment1)
Storage time (d)

0 2 4 6 8 10

Colour2)

CON 8.3Aa 7.2Ab 6.4Ac 5.7Acd 3.9Ae 3.1Af

AA 8.9Ba 8.6Bab 7.2Bbc 6.7Bcd 4.9Be 3.2Af

AA+SACL 8.9Ba 8.6Bab 7.1Bbc 7.2Cbc 5.4Ce 3.9Bf

AA+CH 8.9Ba 8.6Bab 7.1Bc 6.7Bd 5.1BCe 3.9Bf

Off-odour3)

CON 9.0Aa 7.7ACb 6.5Ac 6.2Acd 4.2Ae 3.3Af

AA 9.0Aa 8.4Bab 7.4Bb 6.0Ac 4.7Bd 3.1Ae

AA+SACL 9.0Aa 8.2Bb 7.3Bc 6.2Ad 5.1Be 3.2Af

AA+CH 8.9Aa 8.4Bab 7.1ABc 6.7Acd 4.9Be 2.9Af

1)Refer to Table 1, 2)9: none, 1: total, 3)9: none, 1: extreme.
A - D, a-f: Same as in Table 1.
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