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Abstract

The aim of this study was to investigate the effects of the addition of tomato powder [1.0% (T1), 1.5% (T2) and 2.0%
(T3)] on pork loin jerky with aerobic package during storage at room temperature. The T3 sample showed lower (p<0.05)
pH value and higher (p<0.05) water activity than the control during storage. Total plate counts of treated samples (≥1.20 Log
CFU/g) were significantly (p<0.05) lower than the control (1.46 Log CFU/g) during storage. With the increase of the tomato
powder concentration the lightness (L*) of the jerky decreased, except at day 30 of storage, but the redness (a*) and yellow-
ness (b*) increased significantly (p<0.05) during storage. T3 had higher values for hardness and cohesiveness but lower for
springiness, gumminess and chewiness than others at day 40 of storage. However, there were no significant differences in
TBARS values among the samples during storage. In sensory properties, the color scores of T3 was significantly (p<0.05)
higher than that of control at day 40 of storage. These results suggested that 2.0% tomato powder could be used to improve
the redness and extend the shelf-life of jerky with increasing water activity, providing the consumer with food containing
natural colorant.
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Introduction

Present day consumers demand for meat products that

are safe, nutritious, convenient, rich in variety, attractive

in appearance, texture, odor and taste. The consumer

preference for naturally derived colorants is associated

with their image of being healthy (Hood and Riordan,

1973). Recent studies have indicated the potential health

benefits of a diet rich in tomatoes and tomato products

(Tapiero et al., 2004). Tomato and tomato products are

rich source in lycopene and other carotenoids such as β-

carotene, phytoene, phytofluene and lutein (Choski and

Joshi, 2007; Goula and Adamopoulos, 2005; Kavanaugh

et al., 2007; Tapiero et al., 2004). The ability of lycopene

to act as a potent antioxidant is thought to be responsible

for protecting cells against oxidative damage and thereby

decreasing the risk of chronic diseases (Kavanaugh et al.,

2007; Omoni and Aluko, 2005). Adding tomato, tomato

products or lycopene to meat could lead to products with

health benefit. Few studies have been reported regarding

the use of tomato products or lycopene in meat and meat

products. Østerlie and Lerfall (2005) studied the effect of

lycopene from sun dried tomatoes, tomato paste and crys-

talline lycopene on the storage quality and colour of

minced meat. Tomato paste also used in beef patties

(Candogan, 2002) and frankfurters (Deda et al., 2007).

Yilmaz et al. (2002) studied the influence of tomato juice

on the quality characteristics of low-fat cooked sausages

and Sánchez-Escalante et al. (2003) analysed the influ-

ence of addition of oleoresins of tomato and frozen

tomato pulp on the colour and odour of beef patties. A

number of studies have been conducted for making pork

jerky (Han et al., 2007) and other meat jerky (Albright et

al., 2003; Calicioglu et al., 2003; Lee and Kang 2003;

Pegg et al., 2006) using various processing techniques.

This stimulated the interest in manufacturing jerky by

using new technologies and formulations, with different
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types of meat and reduced levels of nitrite, phosphate, salt

and fat for health benefit (Desmond and Kenny, 2005). 

The objective of the present study was to evaluate the

effectiveness of different levels of tomato powder for

inhibiting lipid oxidation and microbial growth and

enhancing colour stability in pork jerky during storage at

room temperature. 

Materials and Methods

Preparation of tomato powder

Fresh tomatoes harvested in August 2007 were obtained

from Agricultural Products Wholesale Market, Jinju city.

After washing and dicing, tomatoes were dried using hot-

air drying method. Tomato paste (5 kg) was mixed with

olive oil (140 mL), and dried at 80oC for 2 h followed by

60oC for 72 h using a hot-air drying oven (DMC-122SP;

Daeil Engr. Co., Korea) finally containing around 3-5%

moisture. The dried tomato powder was then pulverized

using a blender (3030, Hsign Feng Enterprise Factory,

Taichung, Taiwan) and sieved through a No. 40 stainless

steel sieve (40 mesh). The resulting tomato powders were

then sealed and kept in -40oC. The tomato powder had

colour values as lightness (L*) 46.24, redness (a*) 8.26,

yellowness (b*) 6.26. 

Preparation of jerky 

Commercially available Longissimus dorsi (LD) mus-

cles (20 kg) (Landrace×Yorkshire×Duroc; 100±5 kg) were

obtained from pork carcasses at 48 h postmortem from a

local meat market. All subcutaneous and intermuscular

fat and visible connective tissue were removed from the

fresh muscles and sliced at 6 mm thickness with a meat

slicer (HFS 350G, Handkook Fugee Indusrties Co. Ltd.,

Korea). This sliced LD divided into four equal-weight

sections were cured in a cure solution containing 12% soy

sauce, 5.4% sugar, 0.38% sesame oil, 1.2% ground garlic,

0.02% pepper (Hanil chemical Co., Korea), 1.0% season-

ing (based on raw meat weight; w/w) (MSC Co., Ltd.,

Gyonggi, Korea and added with tomato powder 0.0%

(C), 1.0% (T1), 1.5% (T2) and 2.0% (T3) (based on total

weight; w/w). The final concentration of tomato powder

(2.0%) was decided by preliminary experiment mainly by

sensory evaluation (especially bitterness score). The sliced

meats and curing solutions were tumbled with tumbler

(Vis-41, BIRO MFG Co., USA) for 12 h. All cured muscle

samples were dried using a single truck smokehouse (AC-

7FM-SMK, YUSUNG Industries INC, Korea) at a tem-

perature of 75oC, 60% relative humidity for 4 h. After

drying and cooling (2oC for 2 h) the jerky samples were

loosely packed (about 200 g) in water impermeable plas-

tic bags (single package) and were stored in the dark at

25oC for up to 40 d. Samples were analyzed on days 1,

15, 30 and 40 for the following parameters. The manufac-

ture was carried out in duplicate with 3 observations

except sensory evaluation.

Determination of pH 

pH measurements were determined by blending (T25B,

IKA Sdn. Bhd., Malaysia) 10 g of ground samples with

90 mL distilled water for 30 s and readings were taken

with pH meter (8603, Metrohm, Swiss). 

Determination of water activity

Approximately 10 g of ground samples were put into a

holding cup, and then three measurements were made

with a water activity analyzer (LKM200A, Lokas Co.,

Korea) and the average readings were noted.

TBARS determination

The 2-thiobarbituric acid reactive substances (TBARS)

test was estimated according to Tarladgis et al. (1960)

with some modification. Briefly, two g of ground sample

was homogenized in a 50 mL centrifuge tube with a 50

uL of BHA (7.2% in ethanol) and 20 mL of a thiobarbi-

turic acid (TBA)/trichloroacetic acid (TCA) solution (20

mM TBA in 15% TCA) by using a homogenizer (IKA

model T-25Basic, Malaysia). The homogenate was heated

at 90oC for 15 min in water bath. After heating the sam-

ples were cooled on ice and centrifuged for 15 min at

2,000 rpm by using a centrifuge (UNION 5KR; Hanil

Science Industrial, Co., Ltd., Korea). The absorbance of

the supernatant was measured at 532 nm by using a spec-

trophotometer (Spectronic model Genesys 5, U.S.A.). The

concentration malonaldehyde (mg/kg) on the basis of wet

weight was calculated using a standard curve.

Microbiological analyses

Each sample was carried out in duplicate. 25 g samples

were taken aseptically from each treatment, transferred to

sterile plastic pouches and homogenized for 2 min at

room temperature with 225 mL sterile 1% (w/v) ringer

solution using a stomacher Lab-Blender (78860 ST-Nom,

Interscience, France). Appropriate dilutions of samples

were prepared in 1% Ringer solution blank and plated in

duplicate onto plate count agar (PCA; Difco Lab) and

incubated at 32oC for 48 h under aerobic condition for

total bacterial count. Enterobacteriaceae and Escherichia
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coli were incubated on E. coli/Coliform count plate petri-

film (3M Health care, USA) at 30oC for 2 d. 

Texture profile analysis (TPA)

Texture profile analysis of eight samples (0.60×2.00×

2.0 cm) cut from each samples was determined using an

Instron 3343 (US/MX50, A&D Co., USA) equipped with

a standard cylindrical plate of diameter 0.25 cm. Samples

were equilibrated to room temperature and compressed

twice to 70% of their original thickness at a constant

speed of 60 mm/min. Texture profile parameters were

calculated from the force-deformation curves, as follows:

hardness (kg; force necessary to attain a given deforma-

tion, maximum force), cohesiveness (dimensionless; ratio

of the positive force area during the second compression

to that during the first compression excluding the areas

under the decompression portion of each cycle), gummi-

ness (kg; simulated energy required to disintegrate a

semisolid food to a steady state, hardness×cohesiveness),

springiness (ratio; ratio of distances that the samples

recover after the first compression), and chewiness (kg;

hardness×cohesiveness×springiness).

Colour measurement

Color was measured using a spectrocolourimeter (CR

400, Minolta Co., Japan) calibrated with a white plate and

light trap supplied by the manufacturer. Colour was

expressed using the CIE L*, a*, b* colour system (CIE,

1976).

Sensory evaluation

The samples were served to 12 experienced panel mem-

bers. The manufacture was carried out in duplicate by

sensory panelist. A preparatory session was held prior to

testing so that each panel member could thoroughly dis-

cuss and clarify each attribute to be evaluated. Testing

was initiated after the panelists agreed on the specifica-

tions. The samples were cut into pieces of 2×2×0.5 cm3

and served to each panelist separately under white illumi-

nation. Panelists were presented with randomly coded

samples. The colour, aroma (1=extremely undesirable, 9

=extremely desirable), juiciness (1=extremely dry, 9=

extremely juicy) and overall acceptability (1=extremely

undesirable, 9=extremely desirable) of the samples were

evaluated using 9-point descriptive scale. Panelists were

required to cleanse their palate between samples with water.

Statistical analysis

An analysis of variance were performed on all the vari-

ables measured using the general linear model (GLM)

procedure of the SAS statistical package (1999). The

Duncan’s multiple range test (p<0.05) was used to deter-

mine differences between treatment means.

Results and Discussion

Physicochemical analyses

Table 1 shows the results for pH, water activity (a
w
),

TBARS and total plate counts (TPC) values in jerky

added with tomato powder during storage at 25oC. The

pH values of tomato powder treated samples changed sig-

nificantly (p<0.05) lower than the control during storage

except at day 1 of storage. A decrease in the pH value of

meat products containing tomato paste have been reported

by Candogan (2002) and Deda et al. (2007). They described

that the decrease was due to the low pH of tomato paste

added at high concentrations (10 to 15%). In our study

also the reduction of pH must be due to the low pH value

Table 1. Physicochemical and microbiological quality of pork

loin jerky with tomato powder during storage at

room temperature (25oC)

Treat-

ments

Storage (d)

1 15 30 40 SE

pH

C 5.65a 5.67a 5.68a 5.65a 0.01 

T1 5.65Aa 5.63Ab 5.62Ab 5.59Bb 0.03 

T2 5.65Aa 5.53Bc 5.61Ab 5.53Bc 0.01 

T3 5.61b 5.59c 5.57c 5.62b 0.02 

SE 0.01 0.01 0.03 0.01 

aw

C 0.67Ad 0.65Bb 0.64Cb 0.63Cc 0.03 

T1 0.71Ab 0.66Bb 0.66Bb 0.66Bb 0.01 

T2 0.69Ac 0.64Bb 0.65Bb 0.64Bc 0.05 

T3 0.75Aa 0.73Ba 0.71Ca 0.69Ca 0.04 

SE 0.08 0.03 0.06 0.07 

TBARS

(mg/kg)

C 0.45 0.42 0.46 0.45 0.08 

T1 0.41 0.37 0.42 0.42 0.09 

T2 0.45 0.41 0.40 0.36 0.08 

T3 0.46 0.49 0.45 0.43 0.08 

SE 0.08 0.09 0.07 0.08 

TPC

(Log 

CFU/g)

C 1.48Ba 2.14Aa 1.36Ba 1.46Ba 0.19 

T1 1.00Bb 1.48Ab 1.00Bb 0.00Cc 0.11 

T2 0.33b 1.13b 0.93b 1.20b 0.15 

T3 0.00Bb 1.19Ab 0.67Ab 1.00Ab 0.17 

SE 0.11 0.16 

aw, water activity; TBARS, 2-thiobarbituric acid reactive sub-

stances; TPC, total plate counts; SE, Pooled standard errors of the

mean; C, T1, T2, T3, treatments with 0, 1, 1.5 and 2% tomato pow-

der, respectively on raw meat weight basis.
A-CMeans with different superscripts in the same row differ signif-

icantly (p<0.05).
a-cMeans with different superscripts in the same column differ sig-

nificantly (p<0.05).
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of tomato powder (3.48).

It is important to control the water content because

water activity is closely related to water content (Leistner,

1987). At day 1 of storage, water activity values of treated

samples were significantly (p<0.05) higher than the con-

trol. At day 15 of storage water activities of all samples

decreased compared to that of day 1 of storage. The water

activity values of T3 were comparatively higher than the

others during storage (p<0.05). Water activity is useful to

describe the thermodynamic equilibrium state of jerky

(Labuza and Busk, 1979; Rockland and Nishi, 1980), and

affect texture profiles and microbial counts of food stuff.

Thus, the additives of manufacturing process have an

important effect on the water activity and the quality of the

product during storage. It is widely accepted that many

food spoilage bacteria are unable to multiply at aw value

below 0.95 and growth of most microorganisms is retarded

or inhibited below aw at 0.90 (Leistner and Rodel, 1976).

In this result, the ultimate aw of the finished products var-

ied between 0.63 and 0.75.

There were no significant differences among all tested

samples with regard to TBARS during storage. These

results were disagreed with those reported by Condogan

(2002) who found that in beef patties, produced without

the use of sodium nitrite, the treatments with 5%, 10%

and 15% tomato paste had lower (p<0.05) TBARS values

than the control, due to the antioxidative activity of lyco-

pene present in tomato paste. This difference in results

might be due to the different sample used and the pro-

cessing method (addition materials, processing tempera-

ture and final products).

Microbiological analyses

The coliform and E.coli were not detected in all sam-

ples during storage. However, total plate counts of tomato

powder treated samples were significantly (p<0.05) lower

than the control during storage. Total plate count shows the

overall microbial quality of the product and it is more

important when the product is stored at room temperature.

The lower microbial levels seem to be due to the fact that

microbial growth is inhibited at lower pH value. In agree-

ment with our findings of lower pH values to reduce micro-

bial growth has been reported earlier (Drosinos and Board,

1995; Kennedy et al., 2005; Vergara and Gallego, 2001).

This result indicates the positive effect of using tomato

powder for the product as an antibacterial ingredient.

Instrumental Surface colour

Table 2 shows the results for surface colour values of

jerky added with tomato powder during storage. Jerky

colour is the most important factor affecting consumer

acceptance, purchasing decisions and satisfaction of meat

products. The changes observed in colour parameters (Table

2) were mainly related to the concentration of tomato

powder. Jerky with tomato powder had slightly lower val-

ues for lightness (L*) but higher (p<0.05) for redness (a*)

and yellowness (b*) than the jerky without tomato pow-

der during storage. These products have improved red

colour and are more attractive to consumers than the con-

trol samples. According to Candogan (2002), this colour

improving effect of tomato paste can be attributed to the

pigment, lycopene, which is present in tomato paste, due

to its red colour. Similar results have been reported by

Calvo et al. (2008). Furthermore, Østerlie and Lerfall

(2005) indicated that mixing minced meat with a lyco-

pene containing product could reduce or replace the use

of nitrite.

Instrumental Texture

Table 3 shows the results for texture profile of jerky

added with tomato powder during storage. In all cases

hardness values increased when tomato powder was added

in T2 and T3 samples at day 1 and 15 of storage and in T3

Table 2. Changes in instrumental surface colour of pork loin

jerky with tomato powder during storage at room

temperature 

Treat-

ments

Storage (d)

1 15 30 40 SE

L*

(Lightness)

C 26.43a 26.81a 26.89 25.83a 0.57 

T1 25.95a 24.59b 25.00 25.38a 0.44 

T2 24.42b 24.35b 26.46 24.30b 1.00 

T3 23.21b 24.35b 26.05 24.49b 0.20 

SE 0.44 0.40 0.90 0.47 

a*

(Redness)

C 7.48b 8.24b 8.23c 8.48c 0.58 

T1 9.10a 9.25a 9.36b 10.09b 0.40 

T2 11.85Aa 9.48Ba 9.37Bb 12.29Aa 0.33 

T3 11.17a 10.56a 10.64a 11.26a 0.67 

SE 0.46 0.44 0.64 0.57 

b*

(Yellow-

ness)

C 4.15c 4.31c 3.22b 4.41c 0.27 

T1 4.33b 4.90b 5.33a 4.97b 0.41 

T2 4.75Bb 4.99Bb 5.57Aa 6.76Aa 0.54 

T3 5.39a 5.72a 5.08a 5.75a 0.44 

SE 0.57 0.39 0.46 0.45 

SE, Pooled standard errors of the mean; C, T1, T2, T3, treatments

added with 0, 1, 1.5 and 2% tomato powder, respectively on raw

meat weight basis
A-CMeans with different superscripts in the same row differ signif-

icantly (p<0.05).
a-cMeans with different superscripts in the same column differ sig-

nificantly (p<0.05).
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at day 40 of storage. Similar results have been reported

by Calvo et al. (2008). The increase of hardness could be

explained by the presence of fiber in the tomato peel and

the lower pH. This is composed mainly of cellulose and

lignin, which could modify the textural properties yield-

ing a harder jerky. Similar result was obtained by García

et al. (2002) when adding cereals and fruit fibre to dry

and cooked sausages. They reported a marked increase in

hardness when wheat or oat fibres were added to dry fer-

mented sausages, as a consequence of their insoluble

dietary fibre content. Significantly (p<0.05) higher values

were found in gumminess and chewiness values in the

treated jerky than control at day 30 and 40 of storage. In

the case of gumminess and chewiness values, the fibre

could cause a difference in the opposite direction since

the components of this type of fibre have a complex

structure, even crystalline making it easier to break into

small pieces in the mouth favoring mastication.

Sensory analysis 

According to the sensory evaluation results (Table 4),

Table 3. Instrumental texture analyses of pork loin jerky

with tomato powder during storage at room temper-

ature 

Treat-

ments

Storage (d)

1 15 30 40 SE

Hardness

(kg)

C 3.21b 2.05b 3.04 2.78b 0.26 

T1 4.28a 2.13b 2.33 2.46b 0.31 

T2 3.75a 2.34a 2.35 2.43b 0.26 

T3 3.74a 3.60a 3.40 3.35a 0.21 

SE 0.21 0.35 0.24 0.29 

Cohesive-

ness

C 2.52 3.44 3.04 2.65b 0.30 

T1 3.27 2.12 2.33 2.56b 0.31 

T2 2.72 2.32 2.78 2.41b 0.22 

T3 3.74 3.58 3.40 3.31a 0.21 

SE 0.22 0.35 0.19 0.29 

Springi-

ness

C 1.21a 1.02 1.46 1.32a 0.05 

T1 1.27a 1.07 1.28 1.21b 0.05 

T2 0.97b 1.01 1.14 1.19b 0.06 

T3 1.08b 1.10 1.38 1.15b 0.06 

SE 0.07 0.06 0.06 0.05 

Gummi-

ness

(kg)

C 0.84A 0.68B 0.62Ba 0.73Ba 0.08 

T1 0.85A 0.47B 0.42Bb 0.47Bb 0.07 

T2 0.65A 0.31B 0.24Bb 0.38Bb 0.06 

T3 0.59A 0.50B 0.29Cb 0.36Cb 0.05 

SE 0.08 0.08 0.08 0.04 

Chewi-

ness

(kg)

C 1.04A 0.63B 0.74Ba 0.78Ba 0.12 

T1 1.08A 0.63B 0.53Bb 0.52Bb 0.08 

T2 0.66A 0.42B 0.30Bb 0.43Bc 0.08 

T3 0.72A 0.55B 0.38Bb 0.55Bb 0.06 

SE 0.11 0.11 0.08 0.04 

Adhesive-

ness

(kg)

C 1.03 1.31 0.69 0.98 0.10 

T1 0.99 1.14 0.85 0.89 0.14 

T2 1.02 0.93 0.83 0.93 0.08 

T3 1.19 0.90 0.94 0.98 0.09 

SE 0.11 0.08 0.10 0.14 

SE, Pooled standard errors of the mean; C, T1, T2, T3, treatments

added with 0, 1, 1.5 and 2% tomato powder, respectively on raw

meat weight basis.
A-CMeans with different superscripts in the same row differ signif-

icantly (p<0.05).
a-cMeans with different superscripts in the same column differ sig-

nificantly (p<0.05).

Table 4. Sensory analyses of pork loin jerky with tomato

powder during storage at room temperature 

Treat-

ments

Storage (d)

1 15 30 40 SE

Colour 

C 6.80 6.60 6.70 6.50b 0.12 

T1 6.50 6.50 6.50 6.67ab 0.13 

T2 6.20 6.20 6.20 6.40ab 0.12 

T3 6.00 6.58 6.53 7.17a 0.16 

SE 0.14 0.10 0.08 0.17 

Flavor

C 6.80 6.80 6.70 7.20 0.16 

T1 6.67 6.58 6.83 6.67 0.17 

T2 6.00 6.50 6.60 6.40 0.19 

T3 6.33 6.17 6.25 6.25 0.20 

SE 0.19 0.22 0.13 0.16 

Aroma

C 6.80 6.70 6.50 6.90 0.14 

T1 6.17 6.00 6.25 6.25 0.14 

T2 6.40 6.40 6.40 6.20 0.14 

T3 6.00 6.17 6.00 6.67 0.16 

SE 0.15 0.16 0.09 0.13 

Tenderness

C 4.60 4.70 4.10 4.60 0.27 

T1 5.58 5.58 5.75 5.08 0.25 

T2 5.60 5.20 5.00 5.40 0.26 

T3 4.92 4.75 4.83 5.17 0.24 

SE 0.31 0.20 0.18 0.26 

Juiciness

C 4.60 4.40 4.20 4.60 0.27 

T1 5.83 6.00 6.17 5.67 0.26 

T2 5.40 5.60 5.40 5.70 0.27 

T3 4.33 4.00 4.42 4.42 0.27 

SE 0.29 0.16 0.15 0.28 

Overall 

acceptability

C 6.60 6.60 6.50 7.40 0.15 

T1 6.58 6.50 6.92 6.50 0.17 

T2 6.00 6.10 6.20 6.50 0.18 

T3 5.83 6.25 6.50 6.58 0.17 

SE 0.17 0.19 0.16 0.13 

SE, Pooled standard errors of the mean; Sensory scores were

assessed on 9 point scale where 1=extremely bad or slight,

9=extremely good or much; C, T1, T2, T3, treatments added with

0, 1, 1.5 and 2% tomato powder, respectively on raw meat weight

basis.
a,bMeans with different superscripts in the same column signifi-

cantly differ at p<0.05.
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the scores of T3 was better than those of control at day 40

of storage, but no samples showed significant difference

for aroma, flavor, tenderness, juiciness and overall accept-

ability values during the storage period. These results

agreed with those of Hoe et al. (2006) who found that the

0.5% tomato powder did not changed the sensory charac-

teristics of emulsion type sausages. Desmond et al. (1998)

reported that the oat fibre aided in water retention, pro-

duced juicier low-fat beef patties.

In conclusion, Pork jerky prepared with tomato powder

showed slightly higher water activity, redness and yel-

lowness, hardness, chewiness and gumminess values and

lower lightness and total plate counts compared to con-

trols during storage. However there were no significant

differences between the treatment and control products in

TBARS values and in sensory scores during storage.
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