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Abstract

The effect of trisodium phosphate and chitosan on aerobic plate counts, generation time, pH. shear
force. and sensory evaluations in Korean beef loins stored at 4 or 10°C was assessed. The beef loins
were treated with 5~7.5% (w/v) trisodium phosphate and 1% (w/v) chitosan at exposure times
of 10 min. The generation time of aerobic microorganisms on the beef loins increased with higher
trisodium phosphate levels during storage at 4°C. During storage at 10°C, treatments of 5% trisodium
phosphate and 1% chitosan were the most effective for preventing the growth of aerobic spoilage
microorganisms. Shear values of the beef loins treated with tfrisodium phosphate and chitosan or
chitosan alone were lower than those of trisodium phosphate during storage at 4°C. The results of
sensory evaluation indicated that the beef loins treated with trisodium phosphate and chitosan were
in the “liked less to typical” category for odor and appearance scores compared to the controls during

storage at 4°C,
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Introduction

Phosphates as antimicrobial surface treat-
ments in refrigerated meat and its products
have been used for retarding the growth of
undesirable microorganisms under extended
storage without suitable preservatives, A cur-
rent study regarding retail distribution of
meat and its product involves the storage at
refrigerated temperatures because of the
possibility of the growth of food spoilage and
pathogenic microorganisms' ™.
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In general, antimicrobial of trisodium pho-
sphate works by removing a thin layer of fat
on the surface of poultry skin allowing for
removal of the bacteria from the surface of
carcass'”. According to Rathgeber and Wal-
droup(‘“, the use of Brifisol K™ (a commer-
cial blend of sodium acid pyrophosphate and
orthophosphoric acid) significantly reduced
Escherichia coli, coliforms and aerobic plate
counts on broiler carcass and increased shelf
-life by 1 to 2 days when stored at 4.4°C.
Researchers'**" ™% suggested that decontami-
nation of refrigerated meat and its product
with undesirable microorganisms was highly
dependent on the concentration, type, and
exposure times of preservatives used. Molins
et a1 reported that 0.4% sodium tripoly-
phosphate, tetrasodium phosphate and three
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commercial phosphaté blends inhibited the
growth of undesirable microorganisms in
frozen beef patties that were subsequently
held at abused-temperatures. Marcy et al®
noted that the cooked pork sausage treated
with 0.4% sodium acid pyrophosphate at 5C
caused significantly lower counts of mesophi-
lic and facultative anaerobic organisms after
48 hr of temperature abuse (20~22C).

Phosphates have remarkable antimicrobial
properties in fresh poultry, possibly because
membrane-bound phosphatases in meat pro-
ducts would not be released by extensive cell
disruption from cutting and mincing(m). Also,
Kim and Marshall'” noted that trisodium
phosphate was strongly inhibitory against the
growth of aerobes in chicken legs compared to
monopotassium phosphate, monosodium phos-
phate, and sodium pyrophosphate during
storage at 4'C. Lower bacterial counts for 16
days at 4C resulted from the use of 7.5 or
10% trisodium phosphate. Additionally, phos-
phates have been suggested as improving of
beef and pork quality including the color,
flavor, tenderness, and water holding capa-
city by inhibiting oxidative changes and
increasing water holding capacity(”'m. Men-
donca et al.*! reported that the combination
of potassium sorbate and phosphates preserved
the red color in pork chops.

Chitosan is available in large quantities as
waste products of the shellfish industry,
which is completely solubilized in acid
solvents' ¥, It has been applied as an
effective agent for the preservation of fruits,
the antagonistic action against fungal plant
pathogens, and meat preservatives in the food
industrym‘m. Because of these benefits,
chitosan could be an effective agent for
improving microbiological and physical quali-
ties of meat during refrigerated storage.

Although phosphates and chitosan have
been used for improving the quality and the
safety of refrigerated meat and its product
(2‘3'8‘13‘16), there were no studies on the com-

bined effects of phosphate and chitosan on
Korean cattle beef refrigerated. The purpose
of this study was to evaluate the combined
effects of trisodium phosphate and chitosan
on the microbiological and physical qualities of
the beef during storage at 4 and 10C.

Materials and Methods

Beef samples and treatments

Korean cattle beef loins were obtained from
commercial processing plant, packed with the
ice and used within 24 hr postmortem. For
each treatment, one kg of the bheef loins
(average weight 50g per loin) were submer-
ged in 2L of 1% (w/v) chitosan (Showa
Chemical Inc,, Japan) for 10 min, 5% (w/v)
trisodium phosphate (Spectrum Quality Pro-
duct Inc., Gardena, CA, USA) after dipping
in 1% chitosan solution for 10 min, 7.5%
trisodium phosphate after dipping in 1%
chitosan, or either 5% or 75% (w/v)
trisodium phosphate for 10 min, and drained
on a sanitized stainless-steel grill for 2 min.
Controls were dipped in 2L tap water only for
10 min to compensate for possible physical
removal of bacteria and for moisture uptake,
Treated beef loins were packed in 6 groups in
large Whirl-Pak bags (Fisher Chemical Co.,
USA), respectively. The bags were closed
and stored at 4C. Samples were analyzed at
4 days intervals,

Microbiological Analysis

Individual beef loins were aseptically tran-
sfered to Whirl-Pak bags, weighed, and
diluted 1 : 1 with 0.1% (w/v) sterile peptone
water. Samples were shaken for 50 times
using standard rinse method'®., The liquid
from each sample was diluted and plated in
volumes of 0.1 ml on standard plate count
agar (Difco Laboratories, Detroit, MI) for
aerobic plate counts. The plates were incubate
for 48 hr at 37 C before colonies were coun-
ted. The number of bacteria was expressed as
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mean Logic CFU/g for the triplicate treat-
ments.

Calculation of Generation Times

The growth rates of aerobic microorganisms
were determined wusing the {following to
calculate generation timesm). Two points on
the logarithmic growth phase of each curve
were used in the calculation.

Generation time = (0.301 (T: — Ti ))/
(log P, — P1)

Where : T: = time of P1, Tz = time of Py,

P = CFU/g at Ty, and P, = CFU/g at T2

Shear Force Values

Upon reaching each aging period, the beef
loins were gently dried with absorbent tissue
paper, weighed, packed, and sealed with a
semi-vaccum in Kapak pouches (Kapak
Corporation, Minneapolis, MN, USA). These
packages were heated in water bath at 75C
for one hour and cooled at room temperature
for one hour. The pouches were unwrapped,
gently dried, and weighed again. Cooking loss
was the difference in weight after heating.
For the measurement of tenderness, three to
four core samples (1.8 cm diameter) were
taken from the slice after cooking. Each core
sample was cut with a Warner-Bratzler blade
attached to TA.XT2 Texture Analyzer (Tex-
ture Technologies Group, Scarsdale, NY, USA)
at the speed of 180 mm/min. The shear force
requirement was the mean of the maximum
forces required to shear each set of core sam-
ples.

pH Values

The pH was measured from homogenates

of 2.5g of muscle in 10m] of 5mM Iodoacetate
-150mM KC! (adjusted to pH 7.0) according
to Bendall™®.

Sensory Evaluation
Sensory evaluations of samples was per-

formed by a panel of ten trained members.
Odor and appearance of beef loins were
evaluated during storage at 4 C. Treated beef
loins were judged against fresh control beef
loins (fresh daily), which were assigned a
score of 5, Samples liked less than the control
were scored 1 to 4, where 1 = disliked most.
Samples liked more than the control were
scored 6 to 9, where 9 = liked most.
Untreated control beef loins also was stored at
4°C for comparison against fresh control and
treated beef loins.

Statistical Analysis

A completely randomized design with three
replicate experiments was used. Each sam-
pling point represented means calculated from
4 samples per replicate per sampling day.
Aerobic plate counts, generation time, pH,
shear force, and sensory data were analyzed
using ANOV A, with means seperated by the
least significant difference test at P < 0.05'™%

Results and Discussion

Microbiological Changes

Results have been transformed into gene-
ration times to facilitate the direct compa-
rison of treatments on Korean beef loins,
which were the effect of different levels and
types of antimicrobial agents during storage
at 4° or 10C. When the beef loins were
dipped in trisodium phosphate and/or chito-
san solution alone for 10 min, treatments of
1% chitosan had significantly lower (P<0.05)
generation times than those of 5% and 7.5%
trisodium phosphate combined with 1% chi-
tosan or trisodium phosphate alone during
storage at 4°C (Fig. 1). The generation times
of aerobic microorganisms on the beef loins
treated with 5% or 7.5% trisodium phosphate
combined with 1% chitosan or trisodium
phosphate alone were significantly higher (P
<0.05) than control. The generation times of
control, 1% chitosan, 1% chitosan combined
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Fig. 1. Generation times of aerobic micro-
organisms on refrigerated(4C) Korean beef
loins dipped in trisodium phosphate (TSP) and
chitosan (CT), either alone or combined for 10
min. Key : 1% CT/5% T = treatment of 5%
trisodium phosphate after dipping in 1%
chitosan for 10 min: 1% CT/75% T =
treatment of 7.5% trisodium phosphate after
dipping in 1% chitosan for 10 min.

with 5% trisodium phosphate, 1% chitosan
combined with 7.5% trisodium phosphate, 5%
trisodium phosphate, and 7.5% trisodium
phosphate were 16.6, 17.4, 19.2, 21.2, 24.9, and
26.1 hr, respectively. There were no signifi-
cant differences (P>0.05) between 1% chi-
tosan and 2% of chitosan at 10 min dipping
{(data not shown). The generation times of
beef loins treated with 7.5% trisodium
phosphate for 10 min increased by 95 hr
compared to the controls. During storage at 1
0°C, the generation times of beef loins treated
with trisodium phosphate combined with
chitosan or trisodium phos phate alone did not
increase (P>0.05) between treatments at dip-
ping times of 10 min (data not shown). It is
postulated that phosphates may cause a
decline in water aclivity of refrigerated meat
and have indirect antimicrobial effects due to
chelation of metal ions essential for bacterial
metabolism and cell integrity(zm,

Table 1 showed that trisodium phosphate
combined with 1% chitosan or alone had a

Table 1. Number of days to reach spoilage
levels of 10’ CFU/g of Korean beef loins dipped
for 10 min in trisodium phosphate (TSP) and
chitosan (CT), either alone or combined during
storage at 4 or 1¥0°C

Treatment Storageo Storage ;

days at 4C days at 10C
Control 4 2
1% CT 8° 4°
1% CT/5% TSP g g
1% CT/75% TSP 12° 6°
5% TSP 12° 6
75% TSP 16° 6

*“Means within the same column with different
superscrips are significantly different (P < 0.05).
Means of 3 replications. Key : 1% CT/5% T =
treatment of 5% trisodium phosphate after dipping
in 1% chitosan for 10 min: 1% CT/75% T =
treatment of 7.5% trisodium phosphate after
dipping in 1% chitosan for 10 min,

significantly inhibitory effects to aerobic
spoilage microorganisms compared to control
for storage at 4 and 10°C. In this trials, the
amount of trisodium phosphate became
important only with dipping times of 10 min
during storage at 4C. During storage at 4C,
microbialogical shelf-life of the beef loins
treated with 5% or 7.5% trisodiumn phosphate
containing 1% chitosan or 5% trisodium
phosphate alone was extended by 12 days
compared to the control. The levels of 7.5%
trisodium phosphate increased (P<0.05) the
shelf-life of beef for 16 days at 4'C. However,
during stofage at 10C, treatment of 5%
trisodium phosphate containing 1% chitosan
was the most effective for preventing the
growth of aerobic spoilage microorganisms,
which could be extended microbiological
shelf-life of the beef loins for 8 days. Kim and
Marshall? suggested that spoilage of meat
generally occured when microbial counts
reach to 10 CFU/g. Thus, shelf-life of the
beef loins treated with trisodium phosphate
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containing 1% chitosan for 10 min could be
4~12 days longer than the controls. Darmadj
and Izumimoto"™ have found that the minced
beef mixed with 0.5~1.0% chitosan inhibited
the growth of spoilage bacteria during
incubation at 30°C for 48 hr or storage at 4C
for 10 days. They noted that the mode of
inhibition by chitosan on the growth of some
spoilage bacteria and some meat starter
cultures might be due to the interaction of
chitosan with membranes or cell wall com-
ponents, We have shown that chicken legs
treated with 5% trisodium phosphate for 10
min had aerobic plate counts nearly 3 logs
lower than controls after storage of 12 days at
4C'?. Shelf-life of chicken legs could be
extended to 16 days with 7.5 or 10% tri-
sodium phosphate treatment. Hwang and
Beuchat®’ and Marshall and Jindal'® have
found that trisodium phosphate is more active
in reducing spoilage bacterial levels on meat
surface and extending shelf-life than other
phosphates.

Changes in pH

The pH values of Korean beef loins showed
that chitosan treatments or controls signifi-
cantly (P<0.05) decreased for 12 days com-
pared to other treatments (Fig. 2). Treat-
ments of 7.5% trisodium phosphate containing
1% chitosan or 7.5% trisodium phosphate
alone after its dip had significantly (P < 0.05)
increased pH values compared to other
treatments, but treatment of 7.5% trisodium
phosphate gradually drop in pH beyond 4 to
12 days. The beef loins treated with a
combination of 1% chitosan and 7.5% triso-
dium phosphate were from pH 6.76 imme-
diately after treatment to 6.81 after 16 days,
which were no significantly difference (P>
0.05) in pH values during storage at 4°C,

In general, changes in pH induced by
phosphate addition may play an important
role in the ability of these compounds to
chelate metal ions essential in bacterial meta-

——c —e—1%CT

—r 1%CT/6%T

4.5 e 1%CT/75%T —0—5%T e 75%T

¢ Storage time(days)

Fig. 2. Mean pH values of refrigerated (4C)
Korean beef loins dipped in trisodium phosphate
(TSP) and chitesan (CT), either alone or
combined for 10 min. Key : 1% CT/5% T =
treatment of 5% trisodium phosphate after
dipping in 1% chitosan for 10 min: 1%
CT/75% T = treatment of 7.5% trisodium
phosphate after dipping in 1% chitosan for 10
min.

bolism and/or cell integrity(zm. He noted that
withdraw! of metal cations through chelation
by phosphates may be determinant for the
activity enzymes that require metal ions as
co-factors. Young et al.’? have found that
the use of STPP in chicken meat increased
pH and the addition of NaCl in the presence
of STPP slightly decreased this effect.
Furthermore, they noted that the effect of
polyphosphates on meat quality increased pH
and ionic strength, which could be effective in
improving water holding capacity. Yu and
Lee'® reported that the shear values of beef
in a high pH (> 6.3) were significantly (P
0.05) more tender than those of low pH (<
5.8) or intermediate pH from 5.8 to 6.3 after
24 hr chilling in a 4C cooler. There was no
difference between the latter two groups.

Changes in Shear Values

The Warner-Bratzler shear values were
due to chitosan, which was most effective
when it was combined with increasing levels
of trisodium phosphate by 7.5% (Fig. 3). No
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Fig. 3. Mean shear force values on
refrigerated (4C) Korean beef loins dipped in
trisodium phosphate (TSP) and chitosan (CT),
either alone or combined for 10 min. Key : 1%
CT/5% T = treatment of 5% trisodium
phosphate after dipping in 1% chitosan for 10
min: 1% CT/75% T = treatment of 7.5%
trisodium phosphate after dipping in 1%
chitosan for 10 min.

significant difference (P>0.05) was observed
in the shear values between 1% chitosan and
7.5% trisodium phosphate for 12 days. The
shear values were the lowest levels for the
beef loins treated with a combination of 1%
chitosan and 7.5% trisodium phosphate be-
yond 8 to 16 days.

It has been suggested that the mechannism
of cold-toughening in microstructure of beef
may include increased overlap, shorter sarco-
meres, and thus opportunily for increased
actin-myosin lateral cross-linking of cont-
ractile filaments in rigor mortis®, Beltran et
al.'® noted that Warner-Bratzler shear values
were significantly lower when pH values of
beef were over 6.3, Additionally, enzyme such
as m- and x- calpain were known to have a
pH optimum close to 7.0 and high ultimate pH
would lead to an improvement of tenderness
due to increased proteolytic activity. Nielsen
et al,1? reported that sodium tripolyphosphate
below and above 0.2% in restructured meat
resulted in decreasing hardness values. Ho-
wever, the highest hardness values from

phosphate was observed at 02% trisodium
pyrophosphate, particularly in the presence of
transglutaminase. Otherwise, although the
beef loins treated with 1% chitosan only had
a lower (P<0.05) the shear values than those
of 5% trisodium phosphate combined with 1%
chitosan or either 5% ftrisodium phosphate
alone and the controls after storage of 8 days,
it was resulted in the decline of generation
time due to microbiological spoilage. Since
there is a relationship in the shear wvalues
between chitosan and ftrisodium phosphate,
further studies should be needed.

Sensory Evaluation

Sensory data of beef loins dipped in both
trisodium phosphate and chitosan or either
alone for 10 min are shown in Table 2.
Sensory scores indicated that treatments of
trisodium phosphate and chitosan or either
trisodium phosphate alone were in the “liked
less to typical” category in odor and appea-
rance compared to the fresh controls. Untrea-
ted controls or 1% chitosan treatments were
significantly lower (P<0.05) in appearance
scores compared to the other treatments
associated with spoiling meat after storage of
8 days. For odor and appearance scores,
untreated control or 1% chitosan treatment
had significantly (P<0.05) lower compared to
those fresh controls and other treatments after
storage of 12 days. Darmadji and Izumi-
moto*® reported that minced beef mixed
with 0.5% chitosan was more acceptabie (p<
0.05) on the development of red color and was
significantly different from controls during
storage of 10 days at 4°C. Previous research'®
have suggested that chicken legs treated with
10 and 15% trisodium phosphate solution for
10 min were resulted in lower (P<0.05) appe-
arances compared to other freatments due to
its brownish color. Hathcox et al. (1995)
reported that chicken breast and thighs
treated with 12% trisodium phosphate did not
affect consumer acceptance of raw and fried
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Table 2. Mean sensory evaluation scores of refrigerated (4C) Korean beef loins dipped in trisodium
phosphate (TSP) and chitesan (CT), either alone or combined for 10 min

Storage time Odor score Appearance score
(days)
Treatment 0 4 8 12 0 4 8 12
Fresh control 50£000° 50+000° 50+000° 50+£000° 50+000° 50+000° 50+000° 50+000°
Untreated control 5140120 433025 304058 11012  47£000° 374040 234047 13+02%
1% CT 51+016° 452020% 30+057°  24+030°  48%006% 4040007 260007 24:+006°
1% CT/5% TSP 48+020° 432023 35+036° 26+025° 484012 44+023° 35+076° 25%070°
1% CT/75% TSP 48+010° 43%025° 33x£035° 27+025° 50+006®° 46+031° 344035 29+042°
5% TSP 494017% 492021 342037  29+050° 5102 50015 35+017° 26+040°
75% TSP 50£012° 492020 38+020°  27+072° 453017 431025 31+046° 23+061°

**Means ( standard errors) within the same column with different superscripts are significantly different
(P€0.05). 1Means of 3 replications. Key : 1% CT/5% T = treatment of 5% trisodium phosphate after dipping
in 1% chitosan for 10 min: 1% CT/75% T = treatment of 7.5% trisodium phosphate after dipping in 1%

chitosan for 10 min.

pieces. The sensory data indicate that treating
beef loins with 5 and 7.5% trisodium pho-
sphate and 1% chitosan or either alone could
improve consumer satisfaction during storage
of 12 days at 4C.
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