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Retail Shelf-Life of Pork Dipped
in Organic Acid before Modified
Atmosphere or Vacuum Packaging
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Introduction

Consumer retail purchases of raw chilled meat are critically influ-
enced by color because appearance is the first impression of

meat at retail (Cassens and others 1995). Other important aspects
of meat quality are composition, palatability, and safety (Warriss
2000). Raw, chilled meat may be displayed at retail in 1 of 3 packag-
ing systems (Cole 1986). Traditional meat packaging uses atmo-
spheric oxygen and permeable film materials to cause bloomed
meat color with oxymyoglobin pigment forms. Oxygen concentra-
tions higher than 21% in modified atmosphere packaging (MAP)
using combinations of O2, CO2, and/or N2 will increase the propor-
tions of oxymyoglobin pigments. Low oxygen packaging may be
vacuum (VP) or MAP without O2 (McMillin and others 1999). VP
extends shelf-life, but meat has a purple color that is unfamiliar to
customers (Lynch and others 1986). Meat packaged with O2 has lim-
ited distribution and display life because color and/or lipid oxida-
tion occurs within a relatively short time (Cole 1986). Extension of
distribution time and display of fresh meat with a bloomed color
can be obtained in MAP using CO2 and N2 for distribution storage
and using active gas exchange of the gaseous environment in the
MAP package for O2 and CO2 before retail case display (McMillin
and others 1999).

Treating meat with organic acids provides another means of ex-
tending distribution and display life in fresh meat (Bauernfeind

and Pinkert 1970). Ascorbic acid and citric acid are approved addi-
tives to improve color stability of fresh pork (CFR 2005). Citric acid
inhibited rate of lipid oxidation on pork cuts (Cannon and others
1993), pork sausage (Ho and others 1995a), and minced pork
(Cheah and Ledward 1997), while a citric acid, sodium erythorbate,
and tetrasodium pyrophosphate solution did not increase lipid
stability or alter color in pork loin chops (Manu-Tawiah and others
1991). A dip of sodium ascorbate (550 ppm) decreased lipid oxida-
tion in irradiated pork chops (Zhao and Sebranek 1996). Ascorbic
and citric acid or their salt derivatives have been patented for use
in fresh meat in case-ready and modified atmosphere packaging of
pork (Cheng 1987 1989). The objectives of this study were to deter-
mine the shelf-life attributes of case-ready boneless pork chops
without dipping (control) or after dipping in ascorbic acid (500
ppm) or citric acid (250 ppm) with VP and air-permeable packaging
or MAP (20% CO2:80% N2) after dynamic gas exchange for high O2

atmosphere (20% CO2:80% O2).

Material and Methods

Case-ready boneless pork chops from pigs sacrificed in the Lou-
isiana State Univ. Agricultural Center Meat Lab (Baton Rouge,

La., U.S.A.) were obtained at 72 h postmortem after chilling of car-
casses to 1 °C. Pork chops were prepared from M. longissimus dorsi
(1.27-cm thick) with an average weight of 100 g. Pork chops were
randomly assigned to acid dipping and packaging treatments.
Chops were dipped in the 250 ppm citric acid or 500 ppm ascorbic
acid solutions at 4 °C for approximately 15 s and allowed to drain for
5 min before packaging. Pork chops for MAP were packed on an
absorbent pad (Dri-L® 50 pad, Sealed Air Co., Food Packaging Div.,
Patterson, N.C., U.S.A.) in barrier laminated foam trays (3P White,
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Pork shelf-life with acid dipping and MAP . . .

Amoco Foam, Atlanta, Ga., U.S.A.; oxygen permeability of 1.55 cc/
m2/24 h at 23 °C, 0% RH; moisture vapor transmission rate of 3.10 g/
m2/24 h at 38 °C, 90% RH) using lidding film (Type Curlam, Cur-
wood, New London, Wis., U.S.A.; oxygen permeability of 0.1 cc/m2/
24 h at 23 °C, 0% RH; moisture vapor transmission rate of 1.5 cc/
m2/24 h at 22.8 °C, 0% RH) to seal packages (InPack tray sealer,
Model 580, Ross Industries, Midland, Va., U.S.A.) with a distribution
gas mixture of 80% N2:20% CO2. Samples for VP-PVC were placed on
absorbent pads and packaged in vacuum pouches (SealFreshTM, 3
mil nylon/polyethylene, 20.32 cm × 25.4 cm, Koch Supplies Inc., Kan-
sas City, Mo., U.S.A.; oxygen permeability of 9.3 cc/m2/24 h at 23 °C,
0% RH; moisture vapor transmission rate of 9.3 cc/m2/24 h at 23 °C,
90% RH) using a vacuum machine (Model VM200H, Westglen Co.,
Los Angeles, Calif., U.S.A.). All packages contained 1 pork chop and
were stored in cardboard boxes during distribution storage at 1 °C.

At 7 d post-packaging storage, the gaseous contents of MAP were
exchanged using a commercial gas exchange machine (Windjam-
mer, Pakor, Inc., Livingston, Tex., U.S.A.) for 80% O2:20% CO2 before
display under simulated retail conditions of 4 °C and 1345 lux cool
white fluorescent light. The pork chops in vacuum pouches were
removed from the pouches, transferred to foam trays, and over-
wrapped with polyvinyl chloride film (PVC, Borden Resinite, 62
gauge, O2 transmission rate 325 cc/cm2/24 h at 23 °C, 0% RH; CO2

transmission rate 2,500 cc/cm2/24 h at 23°C, 90% RH) before dis-
play under the same conditions as the pork chops in MAP. Dupli-
cate packages of each treatment combination were randomly sam-
pled on days 0, 7, 8, 10, 12, and 14 after packaging to measure gas
content; pH; weight loss; HunterLab L*, a*, and b* values; psychro-
trophic plate counts; and lipid stability as thiobarbituric acid reac-
tive substances (TBARS).

Headspace O2 and CO2 were measured in each sampled pack-
age (Food Package Analyzer Series 1400, Servomex, Sussex, En-
gland), allowing 20 s for equilibration of readings per sample. The
pH values were measured using a probe surface electrode (Extech
Instruments Corp., Waltham, Mass., U.S.A.). Three readings were
taken for each sample. Pork chops and absorbent pads in each tray
were weighed separately at the time of initial packaging and at the
time of sampling. Weight loss percentage was calculated as the dif-
ference in final sample weight and initial sample weight divided by
the initial sample weight.

Objective color was analyzed with a reflectance spectrophotom-
eter, (Model LABSCAN-2 0/45, Hunter Associates Laboratory, Inc.,
Reston, Va., U.S.A.) using cool white fluorescent (F2) illuminant, 10°
observer angle, and specular component excluded. Samples were
removed from packages and analyzed within 30 s. The L* (light-
ness), a* (degree of red/green), and b* (degree of yellow/blue)
values were averaged on each sample after rotating the sample 90°
between each of 3 sample readings. A white plate (L* = 92.4, a* = –

0.7, and b* = –0.9) and a black plate were used for instrument stan-
dardization.

Psychrotrophic plate counts (PPC) were determined by plate
count procedures. Each sample (20 g) was placed aseptically in a
stomacher bag with sterile 0.1% peptone solution (180 g) for homog-
enization (Stomacher 400 lab blender) for 2 min. Using “pour-plate”
methods (APHA 1976), suitable serial dilutions of the samples were
plated with Standard Plate Count Agar (Difco) and incubated at 6
°C for 8 to 10 d before counting. The average numbers of colonies
from the duplicate plates were reported as log colony-forming units
(CFU) per gram. Oxidative stability was determined by TBARS val-
ues using a distillation method as outlined by Tarladgis and others
(1960). The distillate optical absorbance was ascertained with a
spectrophotometer (U-2000, Hitachi, Conroy, Tex., U.S.A.) at 535
nm. Lipid stability as TBARS was expressed in mg malondialde-
hyde/kg sample.

The statistical model of the present study was a split-plot design
with main plot effects of acid dipping and packaging methods
(MAP and VP-PVC) and the sub-plot as storage time. Data were
analyzed by analysis of variance (ANOVA) using the general linear
model (GLM) procedure of Statistical Analysis System (SAS 1985).
Treatment means were separated by least square means proce-
dures if a difference was detected at P < 0.05.

Results and Discussion

The headspace O2 and CO2 concentrations in MAP were affect-
ed (P < 0.05) by storage time and packaging type, but not by

acid-dipping treatments (Figure 1). Exchange of the gas from 80
%N2:20% CO2 to 80 %O2:20% CO2 after 7 d post-packaging caused
O2 to increase from less than 1% to greater than 30%. The efficiency
of MAP gas exchange was approximately 35% as determined by in-
creased ratio of O2. The variation in machine operation and head-
space volumes contributed to the different O2 after gas exchange,
but O2 in packages of pork dipped in ascorbic acid was decreased (P
< 0.05) after 7 d of display compared with pork dipped in citric acid
or not dipped. The initial 20% CO2 concentration was not altered
greatly after gas exchange because the 2nd gas also contained 20%
CO2. CO2 would be expected to change if absorbed by the meat or
evolved due to respiration (Jakobsen and Bertelsen 2002).

The pH decreased immediately after gas exchange or repackag-
ing, but returned to the initial levels after dipping after 7 d of sim-
ulated retail display—except for chops in VP-PVC that were not
dipped (Table 1). The pH of chops dipped in ascorbic acid was
slightly lower after 3 d of simulated retail display than for other
dipping treatments, but generally the pH of acid-dipped chops was
not different than for non-dipped chops. The initial pH value of the
pork ranged from 5.62 to 5.79 while final pH values were slightly
lower, ranging from 5.47 to 5.60. Bendall (1972) indicated that dis-

Table 1—pH values of pork after acid dipping and storage in gas exchange modified atmosphere packaging or vacuum
and air-permeable packaging

Package typea Acid dippingb 0 dc 7 dc 8 dc 10 dc 12 dc 14 dc

MAP None 5.68d 5.45c 5.45c 5.61cdyz 5.61cd 5.51cd

MAP Ascorbic 5.74d 5.57cd 5.59cd 5.50cy 5.58cd 5.60cd

MAP Citric 5.62de 5.52cd 5.43c 5.55cdy 5.76e 5.47cd

VP-PVC None 5.79e 5.47c 5.60cd 5.77dez 5.68de 5.53cd

VP-PVC Ascorbic 5.67c 5.52c 5.54c 5.49ay 5.49c 5.54c

VP-PVC Citric 5.64cd 5.48cd 5.46c 5.66dyz 5.53cd 5.53cd

SEM 0.06 0.07 0.07 0.07 0.07 0.07
aMAP had 20% CO2:80% N2 initially before exchange for 80% O2:20% CO2 7 d after packaging, and VP was vacuum packaging before removal of chops 7 d
after packaging and then repackaging in air-permeable polyvinylidene chloride film.
bTreatments were 550 ppm ascorbic acid, 250 ppm citric acid, or no dipping.
cLeast square means in the same row with same letters (c,d,e,) are not different (P < 0.05). Least square means in the same column with same letters (y,z)
are not different (P < 0.05).
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solution of CO2 in muscle tissue produced a fall in pH regardless of
the buffering capacity of the tissue and also that decline in pH
values during storage might be due to the accumulation of lactic
acid because of anaerobic respiration in muscles and/or the degra-
dation products of carbohydrates caused by microorganism
growth. However, the decline in pH during the storage period in this
study was not large. Zhao and Sebranek (1996) reported no change
in pH between chops dipped in sodium ascorbate before irradiation
and control chops after 2 wk of storage, while addition of 0.02% citric
acid to minced pork decreased pH by 0.4 units (Cheah and Led-
ward 1997).

The weight losses of pork chops were affected (P < 0.05) by pack-
aging type and storage time. The weight loss of pork chop pack-
aged in MAP remained fairly stable, between 3% and 5% during the
packaging period, whereas weight loss during storage in VP was 8%
or higher and increased during display in air-permeable packaging
(Figure 2). This weight loss during VP was attributed to higher purge
while the increased weight loss during display was probably due to
some surface drying of the pork during over-wrapping and vapor
transmission loss during simulated retail display. McMillin and oth-
ers (1994) reported less weight retention of M. longissimus lumbo-
rum beef steaks in VP-PVC systems compared with gas exchange
MAP. Drip loss was higher in pork dipped in 550 ppm sodium ascor-
bate before irradiation compared with control chops (Zhao and
Sebranek 1996).

Objective color was affected (P < 0.05) by packaging, acid dip-
ping, and the interactions of packaging and acid dipping. The L*
values were similar with anoxic distribution storage in both packag-
ing types (Figure 3). After gas exchange of MAP or repackaging of
chops in PVC, L* values decreased (P < 0.05) due to changes in the

pigment state. During simulated display, pork in high oxygen MAP
had lighter color (higher L*) than pork in air-permeable packaging.
Brewer and others (2001) indicated that L* values in pork are unre-
lated to oxymyoglobin pigment concentrations, so the reason for

Figure 2—Weight loss of control, citric acid–, or ascorbic
acid–dipped pork chops during retail storage in modified
atmosphere packaging after gas exchange or overwrap
packaging after vacuum packaging.

Figure 3—L* color of control, citric acid–, or ascorbic acid–
dipped pork chops with gas exchange modified atmo-
sphere packaging or vacuum and overwrap packaging.

Figure 1—Headspace oxygen and carbon dioxide with gas
exchange modified atmosphere packaging of control, cit-
ric acid–, or ascorbic acid–dipped pork chops.
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higher L* values in the present study with higher O2 was not readily
apparent. Dipping in ascorbic acid or citric acid maintained light-
ness more than not dipping, particularly after an additional 7 d of
simulated retail display. The a* values during the 7 d of anoxic dis-
tribution storage were also not different (P > 0.05) with packaging
type. Increased HunterLab a* values indicated more red and less
green in the surface color. After initial packaging, both VP and MAP
samples decreased (P < 0.05) slightly in HunterLab a* values be-
cause of the formation of metmyoglobin on the sample surface in
the anaerobic environment. Samples increased (P < 0.05) in Hun-
terLab a* values after exchange of the initial gas for 80% O2:20% CO2

display gas or repackaging in air-permeable packaging, which ox-
ygenated myoglobin in the samples. HunterLab a* values of pork
in MAP were generally redder (P < 0.05) than the pork chops in VP.
Metmyoglobin formation in pork was less through 20 d of storage in
80% or 90% O2 (balance CO2) than in air (Ordoñez and Ledward
1977). Pork required blooming for 10 min to increase a* value to a
stable level (Brewer and others 2001). Zhu and others (2001) re-
ported that storage time in vacuum influenced a* values during a
30-min blooming period. Pork in 80% O2:20% CO2 with higher pH
had lower discoloration scores than pork with lower pH (Livingston
and others 2004).

In our study, chops dipped in citric acid had lower a* values dur-
ing simulated retail display than chops not dipped or dipped in
ascorbic acid. Pork chops in MAP had higher (P < 0.05) b* values than
those in PVC during simulated retail display (Figure 5). Chops
dipped in citric or ascorbic acid had higher (P < 0.05) b* values com-
pared with pork that was not dipped before packaging. Bentley and
others (1989) reported that ground beef patties stored at 0, 4, and
8 °C in N2 had the highest browning discoloration scores, followed
by CO2 and VP. Lopez-Lorenzo and others (1980) packaged ground
pork in 100% O2, 20% O2:80% O2, 20% CO2:80% air, and air. They re-
ported that elevated O2 (80% to 100%) depressed the percentage of

metmyoglobin formation, which increased the time necessary to
reach 50% metmyoglobin formation from 4 to 13 d. Steaks stored at
0 °C during distribution had higher HunterLab L*, a*, and b* values
than samples stored at –4.4 and 4.4 °C, with samples in MAP
brighter and redder than samples in VP-PVC (Ho and others 1995b
). Huang and others (1993) reported that HunterLab L* and b* val-
ues of beef patties and steaks were higher (P < 0.10) with initial
packaging in 80% O2:20% CO2 compared with other treatments
where 80% N2:20% CO2 was followed by gas exchange at 14 d with
80% O2:20% CO2. Dipping of pork chops in ascorbic acid prior to ir-
radiation maintained color equal to non-irradiated control pork
after 2 wk of dark storage at 2°C (Zhao and Sebranek 1996). Light-
ness of catfish fillets was increased by treatment with 0.5 or 2% cit-
ric acid (Forrester and others 2002).

TBARS were affected by packaging type, acid dip, interactions
between packaging type and acid dipping, and storage time. Lip-
id instability increased (P < 0.05) with increased time after packag-
ing (Figure 6). Pork in MAP had increased (P < 0.05) lipid oxidation
measured by TBARS than samples in vacuum or air-permeable
packaging. This contradicted findings of Ordoñez and Ledward
(1977) who reported that TBARS numbers in pork increased with
time in 1 °C, but were not different between air, 80% O2, and 90%
O2. However, Lopez-Lorenzo and others (1980) reported that 20%
CO2 greatly reduced the rate of lipid oxidation in ground pork. Dip-
ping of chops in ascorbic or citric acid increased (P < 0.05) the lipid
stability of pork chops compared with control samples when pack-
aged in MAP. The antioxidant capability was evidently not suffi-
cient to overcome the oxidation of lipids caused by the increased
amount of O2 in MAP compared with the lower O2 in air. The influ-
ence of ascorbic acid on lipid oxidation in a foodstuff is dependent
upon the oxidation-reduction potential of the system; pH; aerobic
or anaerobic environment; presence or absence of other reduc-
tants, oxidants, or trace metals; enzymes; and time (Bauernfeind

Figure 5—b* color of control, ascorbic acid–, or citric acid–
dipped pork chops with gas exchange modified atmo-
sphere packaging or vacuum and overwrap packaging.

Figure 4—a* color of control, ascorbic acid–, or citric acid–
dipped pork chops with gas exchange modified atmo-
sphere packaging or vacuum and overwrap packaging.

http://www.ift.org


M386 JOURNAL OF FOOD SCIENCE—Vol. 70, Nr. 8, 2005 URLs and E-mail addresses are active links at www.ift.org

M: Food Microbiology & Safety

Pork shelf-life with acid dipping and MAP . . .

and Pinkert 1970). Citric acid at 0.02% inhibited lipid oxidation in
washed pork fibers but did not affect TBARS in minced pork com-
pared with control samples following high pressure treatment
(Cheah and Ledward 1997). Lopez-Lorenzo and others (1980) re-
ported that 0.3% ascorbic acid was effective in inhibiting lipid oxi-
dation, but 0.3% citric acid was not effective.

Cousin and others (1992) defined the psychrotrophs as the micro-
organisms that could have a visible growth at 7 ± 1 °C within 7 to 10 d,
regardless of their optimum growth temperatures. The growth of
psychrotrophs during storage was influenced (P < 0.05) by packag-
ing, storage time, and acid dipping in the present study (Figure 7).
Samples in VP had higher (P < 0.05) counts of psychrotrophic micro-
organisms than pork in MAP. This was indicative of the inhibitory
effect of CO2 on microbial growth (Hintlian and Hotchkiss 1987). The
rate of growth during simulated retail display was similar on pork in
PVC with the different acid treatments, but was more variable in
MAP with higher O2. Psychrotrophic microorganism growth was less
(P < 0.05) on samples dipped in ascorbic acid than with citric acid or
no dipping before packaging. Psychrotrophic plate counts were log
6 CFU/g or higher in all samples by the end of 7 d of display, indicat-
ing an effective end of shelf-life. A 2% organic acid immersion and
water spraying reduced coliforms by log 1.4 and 1.5 and E. coli by log
1.3 and 1.6 CFU per gram (Delmore and others 2000). Lactic acid was
more effective than citric acid and 9% concentrations were more ef-
fective than 1% concentrations in decontamination of chicken skin
by immersion in acid (Deumier 2004).

Huang and others (1993) reported that PPC of beef patties and
steaks stored at 4.4 °C in 80% O2:20% CO2 on day 0 were higher (P <
0.05) than in samples packaged in 80% N2:20% CO2 with gas ex-
change for 80% O2:20% CO2 after 14 d distribution storage at 4 °C or
–12.2 °C. Ho and others (1995b) also reported that PPC in beef was
higher in VP-PVC than in MAP with gas exchange.

Conclusions

The technologies of organic acid treatment combined with dy
namic gas exchange modified atmosphere packaging improved

some shelf-life properties of retail pork chops. Packaging in MAP in-
fluenced objective color of pork compared VP-PVC. Ascorbic acid
dipping reduced psychrotrophic microbial counts, while ascorbic
and citric acid improved lipid stability. MAP with dynamic gas ex-
change would be expected to extend retail shelf-life of case-ready
pork chops compared with more conventional VP-PVC systems, but
the increased lipid oxidation with higher O2 levels must be ad-
dressed.
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