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The respiration rates of fresh—cut cabbage were measured by pouch method with 25 and
30m OPP films in thickness at 5 and 20°C. The appearance, flavor and ascorbic acid content
were also determined during storage. The results indicated that respiration rates of fresh-cut
cabbages were suppressed under the condition of decreasing O, and increasing CO; concen-
trations at 5 and 20°C. It was not found the effects of vertical cutting (VC), parallel cutting
(PC) and thickness of film on the respiration at 5°C. But the respiration rate were much higher
in VC treatments than that in PC treatments, especially for the CO, production rate at 20°C
regardless film thickness. The results also showed that a shift from aerobic to anaerobic respi-
ration was occurred under 1.2-1.5% O, level. Total ascorbic acid (TAA), ascorbic acid (AA) and
dehydroascorbic acid (DHAA) were increased by AA biosynthesis initially and then decreased
by higher rate of AA oxidation. Moreover, it was shown the results of sensory evaluation that
there were no differences in appearance and flavor for cutting mode and thickness of the film at
5°C. The better appearance and flavor appeared in VC treatments than PC treatments for cut-
ting mode and thickness of film at 20°C. It suggests that better quality could be obtained from
the combination of VC treatments and low temperature of 5°C regardless of thickness of film.

INTRODUCTION

Fresh—cut or minimally processed fruits and vegetables are a rapidly growing segment
of retail and food service horticultural fresh industry (Gorny, et al., 1998). Although
fresh—cut products have met the consumers’ desire for convenience -and freshness, the
shelf life is still important challenges for fresh—cut products. There are two basic prob-
lems confront the extension of shelf life of fresh—cut fruits and vegetables products. First,
processing procedures of cutting cause intermixing of polyphenol oxidase with phenolics
which undergo enzymatic browning to product an undesirable brown color (Senesi, et al.,
2000). Second, wounding tissue induces a high respiration rate, which triggers faster tex-
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ture deterioration and decrease in nutrients as like ascorbic acid compared to intact
tissues (Rosen and Kader, 1989). These lead to a reduced quality and shorter shelf life
than that can normally be expected from the fruits and vegetables. To overcome these
problems and to have suitable shelf life for fresh—cut product, optimum lower tempera-
ture and relative humidity needs to be maintained during whole chain from harvest pro-
cessing to consumption. The modified atmosphere packaging (MAP) is considered to be
the most effective method for extending the shelf life of fresh and minimally processed
product by depressing the respiration rate of product and preventing the moisture loss
and microbial growth. However, O, concentration under lower oxygen limit or CO;, con-
centration over the upper limit of aerobic condition that leads to fermentative metabolism
can cause off—flavor and flavor loss (Watada, et al., 1996; Kato—Noguchi, et al., 1997).

A major metabolic process occurring in fresh—cut product is respiration. The
respiration rate of product is an excellent indicator of metabolic activity of tissue; that is,
it is a useful guide to the potential storage life of the fresh~cuts. But little information is
available on respiration rate of fresh—cut cabbage in MAP during the storage and market.
The objectives of this study were to determine the respiration rate of fresh-cut cabbage
in MAP with two kinds of films in thickness. The evaluation of quality such as ascorbic
acid content was also investigated.

MATERIALS AND METHODS

Plant material

Cabbages (Brassica oleracea L.) were obtained from the local supermarket in
Fukuoka city, Japan. Samples were transported to the laboratory without refrigeration
and immediately processed. Cabbages were selected for uniform size and appearance.
Outer and damaged leaves were removed.

Cabbage slice preparation

The cabbages were rinsed with 0.02% sodium hypochlorite solution to reduce the sur-
face microbial load before cutting. Knife and cutting board were washed and treated with
75% ethanol prior to use. The cabbage was chopped by hand with a sharp stainless steel
knife. The cutting modes were divided into two forms: vertical cutting (VC) and parallel
cutting (PC) to vein of cabbage with 2 mm wide by 5-8cm in length. The slices were
washed for 6 min with tap water and then washed with 5°C distilled water for 4min. The
slices were centrifuged for 3min at 1,720 (rpm) to remove the water on the cabbage
surface by washing machine. And then slices were selected at random and samples of
100£1g were placed in the pouches (10X20cm) and heat sealed. A silicone cap was
applied on each package to permit analysis of package headspace with a syringe. The
void volume in the package was determined by subtracting the volume of fresh-cut
cabbage from that of the entire package. The volume of fresh—cut cabbage and the entire
package were measured based on water displacement. All processing operations were
conducted under 5-8°C. The film used for cabbage slices packaging was oriented
polypropylene (OPP) film (Sumitomo Bakelite Co., Ltd, Tokyo Japan), with two kinds of
25 and 30xm film in thickness. The film permeability was determined by the Akimoto’s
method (Akimoto, et al., 1997). The pouches were stored at 5 and 20 °C, respectively.
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Gas analysis

Gas sample was withdrawn by gas—tight 1.0ml syringe to measure gas composition
from the inside the package. The gas concentrations were measured by injecting 1.0ml
gas sample into gas chromatography (GL Sciences GC-390, Tokyo Japan) equipped with
thermal conductivity detector (TCD) and D2000 integrator (Hitachi, Ltd. Tokyo Japan).
Helium was used as carrier gas and the flow rate was 30 ml-min”. The injector and
column temperatures were 80 and 50 °C, respectively. The column was WG100 with mole-
cular sieve 5 A and Porapak @ 80/100 mesh.

Mathematical model for respiration
To determine the respiration rate of fresh—-cut cabbage under MAP, the basic material
balance given in equations can be used (Akimoto et al., 1997). The changes in the free
volume of gas within package at the short time were shown in following equations.
aVvs__dVe , dVo | dVy

dt  dt a M
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where V is the volume of gas in pouch (ml), A is surface area of pouch (m?), L is thickness
of film (m), K, K, and Ky are the permeability of film for CO,, O, and N, (ml*m-m*?-atm™ -
h), R is respiration rate (ml-kg'-h), W is weight of product (kg), Pe, Pc and Py, are
partial pressure of CO,, O, and N, outside pouch (atm), Pc, P, and Py are partial pressure
of CO,, 0,, N; inside pouch (atm). These equations show that changes rate of gas volume
of package was determined by permeability of film and respiration of product. According
to gas partial pressure between internal and external package, this method can be used to
determine CO, production and O, consumption rates of product based on CO,, O, and N,
levels within package. It has been demonstrated that the method is very effective to cal-
culate the respiration rate under steady and unsteady atmospheric conditions.

Sensory evaluations

Visual appearance and flavor were evaluated by five trained people at cutting and
during storage period for every day. Evaluation was carried out in two items of appear-
ance and flavor. They were both scored on 4-point scale: excellent (—); very good (+);
fair (++); poor (++).

Ascorbic acid
Ascorbic acid content was measured by high performance liquid chromatography
(HPLC) equipped with Shim-pack SCR-10IN column (7.9 mme X30cm) (Shimadzu
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Corp., Tokyo Japan). The column is packed with a cation exchanger resin which is sul-
fonated polystylene—divinylbenzene copolymer. The mobile phase was mixed solution of
10mM oxalic acid dihydrate, 15mM N,OH and 1mM EDTA at a flow rate of 1.0ml min™.
Temperature is 40°C and detector is RI. Cabbage sample was extracted from excised
slices of 5g cabbage with 5 times the volume of 5% metaphosphoric acid in a mortar with
pestle. The homogenate was filtered through filter paper and centrifuged at 3,000 (rpm)
for 15min. The supernatant was taken as sample to measure the ascorbic acid in
cabbage.

RESULTS AND DISCUSSION

Respiration rate

Changes in respiration rate, respiratory quotient (RQ) and gas concentration of
fresh—cut cabbage in VC treatments were shown in Fig. 1. The changes in respiration rate
was approximately same at the conditions of increasing CO; and decreasing O, con-
centrations for 5 days storage at 5°C (Fig. 1A and 1B). The respiration rates were slightly
decreased in MAP during storage of 5days. There was no significant difference between
the two kinds of 25 and 30zm thickness films in depressing respiration during storage
period. The ratio of CO; productd to O, consumed, known as RQ, is normally assumed to
be equal to 1.0 if the metabolic substrates are carbohydrates. In the present study, RQ
was fluctuated around 1.0, indicating that anaerobic respiration did not occur for 3-day
storage. The O, concentration continued to decrease and a certain point of O, concentra-
tion was reached, O, consumption rates were remarkably decreased and CO,production
rates were increased conversely. It was indicated a shift to anaerobic respiration
confirmed by higher RQ values at 1.2-1.5% O, levels. This effect of O, concentration was
more marked at higher temperature (Fig. 1C and 1D). At 20°C, respiration rates were
suppressed markedly with quickly increasing CO. and decreasing O, levels at first 1 day,
and then shift from aerobic to anaerobic respiration occurred with higher RQ at 1.2-1.5%
Q. levels. It was also demonstrated by off-flavor of fermentation when the package was
opened for sensory evaluation. For changes in gas concentrations, O, level was decreased
and CO, level was increased quickly at initial period and then CO, level was increased
slowly and O, level was reached about 1.2-1.5%, indicating that O, and CO, levels were
regulated by product respiration and permeability of film during storage (Fig. 1A~1D).
The results suggest that MAP could be used as a cheap and easy method to extend the
storage life of fresh—cut cabbage.

Changes in respiration rate, RQ and gas concentration of fresh—cut cabbage in PC
treatments were shown in Fig. 2. The trends of changes in respiration rate were similar to
the results of VC treatments (Fig. 1). It was also indicated that the thickness of film has
less effect on the changes in gas concentration and respiration of fresh—cut cabbages.
The storage life of horticultural products has well been related to the respiration rate of
products, the suppression of respiratory metabolism will extend the shelf life of stored
fresh product (Lopez-Briones, et al., 1992; Kader, 1986). But O, and CO, levels beyond
its tolerance limits can induce anaerobic respiration and CO, damage to result in browning
and development of off-flavors. It was suggested that better keeping quality for fresh—cut
cabbages could be obtained from low O, storage atmosphere above 1.2-1.56% lower limit
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Fig. 1. Changes in gas concentration, respiration rate and RQ of fresh—cut cabbage in VC
treatments at 5 and 20°C. (@) represents CO, production rate, (O) O, consumption
rate, (M) respiratory quotient (RQ). Solid and dashed lines denote the CO. and O.
concentrations, respectively.

oxygen. For the effect of cutting mode, there were no significant differences in changes
in gas concentration and respiration rate between PC and VC treatments at 5°C during
storage (Fig. 1A-1B and Fig. 2A-2B). At 20°C, the respiration rate were much higher in
VC treatments than that in PC treatments, especially for the CO, production rate (Fig.
1C-1D and Fig. 2C-2D).

MAP can be beneficial in maintaining quality of the fresh—cut product (Gorny, 1997).
The suitable gas mixture for MAP has been based on that recommended for the whole
commodity (Saltveit, 1997). Fresh-cut products probably can tolerate more extreme lev-
els of O, and CO., because they do not have as much cuticle or skin to restrict gas diffu-
sion, and the distance of gas diffusion from center to outside of fresh—cut product is much
less than that for the whole commodity (King, et al., 1989). It was also reported that an
additional benefit of MAP may be attained by actively flushing the package with the
desired gas rather than allowing the MAP to develop naturally since the marketing period
of fresh—cut product is relatively short (Bai, et al., 2001). In the present study, fresh—cut
cabbage has much higher respiratory activity to consume O, and produce CO, quickly.
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Fig. 2. Changes in gas concentration, respiration rate and RQ of fresh-cut cabbage in PC
treatments at 5 and 20°C. (@) represents CO, production rate, () O, consumption
rate, (A) respiratory quotient (RQ). Solid and dashed lines denote the CO, and O,
concentrations, respectively.

Anaerobic respirations were occurred after 3 days of storage at 5°C and after 1 day of
storage at 20°C. It induced anaerobic respiration and higher CO, damage to result in
browning and development of off-flavors. Respiration rates of fresh—-cuts generally were
higher than the intact product. Although benefits may occur with modified atmosphere,
the extinction point of the fresh—cut products must be recognized to avoid anaerobic
respiration (Ko, et al., 1996).

Fresh—-cuts generally are much more perishable than intact products because they
have been subjected to severe physical stress, such as peeling, cutting, slicing, shredding,
trimming and removal of protective cells. Consequently, fresh—cuts probably should be
held at a lower temperature than that recommended for intact commodities. Tempera-
ture of 0°C is in most case preferable. However, this is in most cases economically not
achievable. Temperature between 5 and 10°C is more commonly found in practice. The
temperature effects on the tissue metabolism and biochemical reactions significantly, it is
also of major important to maintain low temperature to prevent microbial growth. It
suggests that it is important for handling and storing fresh—cut cabbage at lower tem-
perature or near 0 °C, if the product is not sensitive to chilling injury.
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Ascorbic acid

Fig. 3 shows changes in ascorbic acid contents in fresh—cut cabbage at 5°C during
storage. TAA, AA and DHAA were increased in PC treatments for 3 days, and then
decreased. In the VC treatments, the results were similar to PC treatments, they
increased for 4days and then decreased. But the increase of TAA from 32.4mg - 100g™
fresh weight (FW) to 43.3-45.8 mg - 100g”* FW was higher in PC treatments than that
from 30.6 mg - 100g* FW to 34.7-36.3mg + 100g' FW in VC treatments.

Fig. 4 shows changes in ascorbic acid contents in fresh—cut cabbage at 20°C during
storage. TAA, AA and DHAA were increased and then decreased. The increase of TAA
was less than that at 5°C (Fig. 3). But increase of DHAA was more significant than the
increase at 5°C. AA level is the result of the difference between AA production (biosyn-
thesis or regeneration from DHAA) and AA oxidation. If the rate of AA oxidation is
higher than the rate of AA production, then AA content decreases (Zerbini, et al., 2002).
In the present study, increase of DHAA was significant at 20°C, indicating that the
oxidation rate was higher than that at 5°C. It demonstrated that activity of ascorbate
oxidase was higher at 20°C than that at 5°C. The significant decrease of AA after storage
3 days, it was due to oxidation of AA by ascorbate oxidase following tissue damage or by
the reaction of AA with phenolic substances during storage. It could be also assumed that
the role of AA as s reducing power in respect to de nova synthesis of polyphenols is pos-
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Fig. 3. Changes in ascorbic acid contents in VC and PC treatments at 5°C
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Fig. 4. Changes in ascorbic acid contents in VC and PC treatments at 20°C

sible. Ascorbic acid plays an important part in the defence mechanism against free
radicals which induce peroxidation (Barth, et al., 1993). AA can be easily oxidised to
dehydroascorbic acid, the latter in turn can either be reduced.

Sensory evaluation

Sensory evaluation of fresh—cut cabbage at 5°C was shown in Table 1. Visual appear-
ances were not changed much during storage of 4 days in all treatments. Off-flavor was
slightly occurred after 3days by anaerobic respiration. At 20°C (Table 2), appearances
were not changed in VC treatments, but browning was occurred after 3 days. In PC
treatments, the browning was occurred much significantly. For the flavor, off-flavor was
occurred after 1 day and appeared more serious in PC treatments after storage of 3 days.
It seems that the changes in appearance and flavor depend on physiological changes
associated with cutting direction. It was considered that the callus in wounded place of
cabbage was formed quicker in VC treatments than PC treatments. Because the respi-
ration rate were much higher in VC treatments than that in PC treatments, especially for
the CO, production rate at 20°C. Moreover, the cutting wound area was large and tissue
sap seeped much from vascular bundie of cabbage in PC treatments. The seeped tissue
sap in PC treatments can induce obvious browning and off-flavor. It seems that thickness
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Table 1. Sensory evaluation of fresh—cut cabbage at 5°C

Storage period (day)

Item Cutting treatment

VC-25 - - - - -
VC-30 - — —~ - -
PC-25 — — - — -
PC-30 - - - -

VC-25 - - -

. VC-30 ~ - —~
avor PC-25 . _ -

PC-30 - - +

Appearance

+ 4+ +

Table 2. Sensory evaluation of fresh—cut cabbage at 20°C

Storage period (day)

Item Cutting treatment

ing . : ; :

VC-25 _ _ ~ - -

Appearance VC-30 — _ B B -
PC-25 _ - R
PC-30 _ - - o

VC-25 _ + n n "

- VC-30 _ T

avor POos - * . + =
PC-30 _ + ¥ i T

of film has less effect on the respiration and quality of fresh~cut cabbages. It was sug-
gested that the better quality can be obtained from VC treatments at 5°C.

CONCLUSIONS

The respiration rates, quality attributes of fresh-cut cabbage were determined in
MAP with 25 and 30 2m OPP films in thickness at 5 and 20 °C during storage. The respi-
ration rates of fresh—cut cabbages were suppressed under the condition of decreasing O,
and increasing CO, concentrations. It was not found the effects of cutting mode (VC and
PC treatments) and thickness of film on the respiration at 5°C. But the respiration rate
were much higher in VC treatments than that in PC treatments, especially for the CO,
production rate at 20°C. The results also showed that a shift from aerobic to anaerobic
respiration was occurred under 1.2-1.56% O, levels for fresh-cut cabbage. TAA, AA and
DHAA were increased by AA biosynthesis initially and then decreased by higher rate of
AA oxidation. For sensory evaluation, there were no differences in appearance and flavor
for cutting mode and thickness of film at 5°C. The better appearance and flavor appeared
in VC than PC treatments for cutting mode and thickness of film at 20°C. It suggests that
better quality could be obtained from the combination of VC treatments and low
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temperature of 5°C regardless of thickness of OPP film during storing and marketing
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