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Abstract

Effects on keeping quality according to the different package environment in cabbage and broccoli were studied.
Opened 2 mil LDPE(low density polyethylene), sealed 4 mil LDPE and BA(barder polyethylene) were used as
package films. Weight loss was markedly in opened 2 mil LDPE in cabbage and broccoli as 6 and 28%, respectively.
Carbon dioxide was higher in seal-packaging cabbage and broccoli with BA than in those with LDPE, and carbon
dioxide content m the internal atmosphere of the sealed broceoli or cabbage with BA held at 4°C was above 13 and
31% withir |5 days, respectively, while oxygen content was depleted to 2% or less after 10 days. The main
difference between volatile sulfur-containing compounds produced from cabbage and broccoli were the relative
quantities and rates of production of hydrogen sulfide, carbonyl sulfide, methanethiol and dimethyl disulfide in opened
2 mul LDPE, scaled 4 mil LDPE and bamer bags during storage.
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Introduction

Vepetables such as cabbage and broccoli for sale diring
the winter traditionally has been stored in air ventilated
structures. The usual prospect from these storages 15 the
well Jnown bleached head with parchment-like tissue
and bland flavor. The use of mechanical refrigeration
that maintains  low

temperature, however, pgreatly
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impraves the quality and reduces the trimming losses(l}.
Parsons{2) observed that cabbage stored at 32°F in
non-ventilated polyethylene crate liners in which carbon
dioxide increased to 12.2% and oxygen was reduced to
4.9% its green color for 8 weeks while
cabbage stored in perforated liners retained its color for
4 weeks only But a good should aid
protection of products from physical, physiological, and
throughout  marketing(3,4).
Prowection of procedure from mechanical damage is one
advantage of consumer packaging. Packages such a over

retained
package

pathological  deterforation

wrapped trays, which profect tomatoes and softs fruits
from rough handling, will reduce bruising and other
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damape(5,6). Contamination by insects, dist and customer
handling is prevented Perhaps the main advantage of
film packaging in maintaining quality is that evaporation
of moisture is reduced: fresh appearance 15 maintained
longer than for bulk produce, Waste and spoilage losses
from shrivelling and weight loss are reduced(7,8) In
some instances, beneficial modified atmospheres of
increased carbon dioxide and
within packages and help retard aging(9-11). Sapers et

low oxygen develop

al(12) described that hydrogen peroxide treatment on
fresh-cut fruits and vegetables was more effective for
their keeping quality, Many factors, however, cause
problems in successfully using films rto create
controlled-atmosphere  conditions during marketing. In
this studies, differemt storage conditions were prepared
and checked some genmeral flavor quality such as the
changes of weight loss, sensory analysis of appearance
quality, respiration rates and volaule sulfur containing
compounds in cabbage and broceoli during storage.

Materials and Methods

Materials

Cabbage(Brassica oleracea capitata L) and broceoli
(Brassica oleracea var. italica) used in these studies
were purchased from the local market. Packaging and
storage conditions with in each replicate, 36 uniform
heads of cabbage and florets and sems of broceoli
were separated into 6 groups, and the 2 samples were
stored in opaned 2 mil low density polyethylene bags(2
mil LDPE, 30 x 40 em) at 4C for 50 days. During
thus time, headspace was used perodically for the
experiment of oxygen, carbon dioxide and sulfur-
containing volatiles.,

Oxygan and Carbon Dioxide Analysis

Samples of the atmosphere inside the sealed 4 mil
polyethylene and barrier bags were taken periodically
after the polyethylene and barrier bags were sealed. The
samples were analyzed for oxygen and carbon dioxide
composition using a gas chromatograph with the thermal
conductivity detector. Samples were injectsd into a L9
m x 4 mm{id) CTR I column{Altech Associates Inc.)
with a helium cartier flow of 50 mb/min The oven
temperature was 507, and the injector and detector

were healed at 707,

Static Headspace Analvsis

The samples of analysis of sulfur-containing volatiles
were prepared by blending 35 g inner or outer leaves
of cabbage and florets or stems of broccoli{fca. 2 cm
long) with 70 mL distilled water waring
blendor(30s) to which was added standard
{carbon sulfide). Samples were placed m a 125 mL

in a

internal

Erlenmeyer flask with a glass arm and stopcock. and
then set in an wcubator at 30T for 30min. A gas
sample syringe was inserted through the rubber septum
and pumped in and out 9 times and a 3 mL sample
Sulfar-
containing volatile compounds that accurnulated in the
flask were analyzed
periodically for 50 days using a Tracor MT-220 pas
chromatograph(Micro Tek Instruments Corp. Austin, TX)

was withdrawn for immediare myecton(13).

headspace of the Erlenmeyer

equipped with dual chanpel electrometers and a Melpar
flame photormetric detector(FPD) combied with a flame
jonization detector(FID) was used The effluent stream
from the column was detected simultanecusly by the
FPD and FID. An ommiscribe dual pen strip chart
recorder(Model B-5218-5, Houston Instruments, Austin,
TX) recorded output from each the FPD and FID
detectors. A 18 m x 4 mm(id) glass column packed
with 30/60 mesh Carbopack BHT-100(Supelca, INC,
Bellefonte, PA) was used. The column temperature was
programmed from 60T to 130T ar a rate of 25C/min.
Injection port and detector temperaiure were 1407,
High purty nitrogen carrer gas a flow rtale of 40
mlfmin  was passed Alltech  gas
purifier(Deerfield, IL) before emtering the column. For
the FID/FPD flame, hydrogen of 126 mLjmin and air
of 53 mlfmin were used Peaks were identified by
comparing Tetentich times with that of known standards.

through  an

Results and Discussion

Weight loss

mil LDPE(low
density polyethylene) film marked by reduced the loss

Open-packaging of broccoli in 2

of weight during 50 days storage. Seal-packaging of
cabbage or broccoli in 4 mil LDPE and BAfbarner
polyethylene) was less than 1%, the loss in weight and
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2%, respectively, while reduction of weight loss in
cabbage and broceoli open-packaging in 2 mil LDPE
was 6 and 28%, respectively. About the similar
marked with other  vegetables
seal-packaged with LDPE and BA, while the reduction
was marked with other vegetables open packaged with
LDPE{Tahle 1} Cabbage and broccoli that qualities of
appearance were checked by sensory analysis during
al(10) reported that
ethanol and acetaldehyde accumulated to levels with the

reduction  was

storage(Table 2). Femandez et
varieties of films effects on peach matusity stages.

Table 1. Changes in weight of cabbage and broccoli
stored in opened 2 mil low density
polyethylene bags(OLDPE), sealed 4 mil low
density polyethylene bags(SLDPE) and barrier
polvethylene bags(BA)

(umit : %)

Package Storage tunciday)
Samples s 10 2 » 10 %0

OLDFE %2l 9368 9% 9BI1E 915
Cabbage SLDPE L] %68 99.53 @37 992l
BA 0.7 Pee 92 W KB

CLDPE 336 37.81 363 83ed 7175
Broccoli SLDPE 938 571 B3 9849 5825
BA 920 841 %21 98,02 5.75

Table 2. Chaoges in quality of cabbage and broccoli
with sensory analysis during storage

Sy el

Varebes Quehty 0 A L] 4 9
Coodtor A B CABCABCABCABC

Will I I A R
Cibbage Spdd - - - - - - o oo o oo
Undsmble smell - - - - - + - LR I .

Wil - L H = H o+ o+
Boee Sl - - - - - - - o .o +o- +
Undesirable stell - - - - - + LRI S I B )

A means the conditien that samples were stored i1n opened
2 mil low density polyethylene bags(OLDPE} B means that
sealed 4 mil low density polvethylene bags{SLDPE), and C
means barner polyethylene bags(BA).

2 means no changed, 1 means changed, and . means changed
much 1n appearance and guality,

Oxygen and Carban Dioxide Levels

Sealing of cabbage or broccoli in LDPE and BA was
widely different permeability to oxygen and carbon
dioxide{Table 3). Oxygen and carbon dioxide concentration
mcreased greatly in LDPE and BA vegetables during
storage, and the oxygen concentration dropped rapidly

within 3 days. Respiration rates of broccoli were more
than those of cabbage, and the rate of carbon dioxide
accurnulation in the vegetables was more than the
corresponding tate of oxygen depletion Carbon dioxide
was higher in seal-packaging vegetables with BA than
in those with LDPE, and carbon dioxide content in the
internal atmosphere of the sealed broccoll or cabbage
with BA held at 4°C was above 15 and 31% within 15
days, tespectively, while oxygen content was depleted to
2% or less after [0 days. Usually films are much more
permeable to carbon dioxide than to oxygen, so the rate
of carbon dioxide accumulation 15 less than the
comesponding ftate of oxygen depletion. Polyethylene,
although quite permeable, is usually not suitable for use
as a sealed package. To avoid possible injuy from
accumulated carbon dioxide, too low oxygen or passible
off-odars and aff-flavors, % 18 recommended that films
be perforated. In the tight package all the free oxygen
is used in a short time, respiration becomes anacrobic
and then carbon dioxide are produced. Films thai have
gas permeabilities of films effect on quality of peaches
in modified atmosphere packaging(10}. And McLachlan
et al(11) reported, respiration rates of vegetables were
measured over 4 day period and effects of temperature
and preparation techniques were determuned quantitatively
in modified atmosphere packaging with film that oxygen
permeabilities  claimed by the manufactures
from(ml/m-2/dayfatm) 3,000 for LDPE
30,000 for plasticized PVC at 237,

ranged
to 20,000~

Table 3. Headspace composition{carbon dioxide and
oxygen) of cabbage and broceoli stored in
sealed 4 mil low density polyethylene bags
{SLDPE) and bartier polyethylene bags(BA)

(unit : %)

Bulgr  Vait Sorage iy}
erdbos @ 3 2 5§ B K DB NN N4 D

Citge m 15 2 M2 o615 B9 WG R MM OIEM 1M 1BM KK 15
ADPE
O 22 B4 B& D% 5H 160 47 30 145 10 LF 231 6%

Catn :
Wt 1946 AR BN ME DI BB 41 46 00 X0 %S

Ongn XM K7 QW 631 10 15 10 090 1M 19 16 19 195

Troceoh g;b; WL 194 B4 BR B6 D0 9B 5T 50 4B 4l

Ongn WX 0K 92 10 18 14 200 26 18 160 00 BT B9
Caben o s

W ik 9MeE 1577 BT JIR N 4% 418 MM 15T £2 85 A4
Ongm HE BT 667 10 L6 106 036 1B 166 1R 190 1% 2D
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Table 4. Changes in volatile sulfides of cabbage
stored in opemed 2 mil low demsity
polyethylene bags(OLDPE), sealed 4 mil low

Table 5. Changes in volatile sulfides of broccoli stored
m opened 2 mil low density polyethylene
bags(OLDPE), sealed 4 mil low densuty

density polyethylene bags(SLDPE) and barrier polyethylene  bags(SLDPE) and  bartier
polyethylene bags(BA) polyethylene bags(BA)
- {unit : ppm) (unit : ppm)
Sulfur compounds Sulfr compoumds
P Sapte 07 oo Gl o Dl o S iy Muom Cfegl g D
wife  diliice disulfick afe  dilide doulfide
] 0078 5775 T c] 0 023 1401 0290 0424
i) 0116 5338 T 0829 10 060 1 630 0281 0647
D 0029 SHT T 1 467 2 0502 %5 030 1651
) 0018 5607 068 524 1] 0959 2454 04M f44
40 0064 537 1352 12719 4 0377 M 0573 11652
OLDPE 90 037 4624 L4g0 13616 OLDPE 2 0991 5581 064 1500
© 0o 5MS 0IW 0% % g}'fg ?% '{ gg@
0 0028 4 034 L0 - -
ok % 005 375 068 LEw Sen L U 2L 00
o 005 M 159 LA C N T 2008
0 oMl L LR 0 0B 34 I 1685
% 0437 1401 086 2471
o o8 bR T e 0 om ol lEm 0s®
0 0016 0 T 0.3 » e 2 e ;
, 2 ; 1213
b ¥ M1 & Bow ® 0 40 T 1
R o - S S & 0s3 25m T 7R
SLDPE o 0‘057 o l.'JD 0;24 . i 0616 28 031300
x by e D o 10 059 060 0147 0342
0 03% 080 T 1207
Otr ¥ 0567 170 ND 0737 y
Sem N 043 110 T 130
Q0 0537 2485 0.0 274
2 oo Py T o 0 043 1 T 143
: 4 2 0 B 0B 25
10 0053 030 ND 054 10 0563 0098 0.167 2087
noo0 37 D 0732 i 0537 0371 0513 5319
Tmer X 0385 4007 ND 1557 Hodt 20 0%7 035 0067 B34l
40 0157 454 T 171 0 0458 0278 T 10611
B ] 1233 740 017 309 s 0 0442 0341 T 2515
1 003 049 000 01493 10 0216 D0 ND 047
A 003 4652 T 05% 0 0158 ) T 117
i % 0729 474 043 14% Sem B 0Nl 0753 T 5%
0 00 3501 0% 378 £ m 0688 T 275
5 023 2250 008 I El 037 0sT7 T 3625

T means trace below 0 (010 ppm ND means not detected

Volatile Sulfur-Containing Compounds

The sample(l ml) of the atmosphere inside the
sealed 4 mil LDPE and barrier bags containing cabbage
and broccoli were taken periodically during storage at
4T, and the samples were analyzed for volatle
compounds using gas chromatography. Gas chromatograms
of volatile sulfur-containing compounds in the intemal
atmosphere of sealed cabbage and broccoli with batrier
bags during 10 days stomage were tested. Four volatles
their conformed by
comparison with the retention times of known volatile

were  detected and identities
compounds and by mass spectrometry. The amounts of
the volatiles in cabbage and broccoli were contained
dimethyl disulfide and catbonyl sulfide more than

T means irace below 4,010 ppm ND means not detected

others, and those volaules were higher in broccoli than
in cabbage. The volatiles of cabbage and broccoli were
collected by the static headspace method using 125 mL
Frlenmeyer flask with glass amm and stopeock, and
determined by gas chromatography. Table 4 and 5 show
some results of pgas chromatographic analyses of
sulfur-containing  volatiles, low boiling compounds in
cabbage and broccoli durng storage. A considerable
difference was observed among the samples in the
amounts of the sulfur-containing compounds, The main
sulfides produced from
cabbage and broccoli were the relative quantities and
rates of production of hydrogen catbonyl

sulfide, methanethiol and dimethyl disulfide in opened 2

difference between volatile

sulfide,
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mil LDPE, sealed 4 mil LDPE and barmier bags. The
most striking difference was in the concentration of
dimethy] disulfide according to storage period in opened
2 mil LDPE bags of the broccoli florets. The amounts
of dimethyl disulfide in the broccoli florets 50 days
after the broccoli was stored contained 15007 ppm,
approximately 35 times as much as in those behind
storage. Dimethyl disulfide and carbonyl sulfide were
found in significant concentration in the samples, bur
hydrogen sulfide and methanethiol were notably absent
or insignificant. Ron et. al(14) reported that volatile oil
of cabbage contained 15 vateties of sulfides and
mercaptans with hydrogen sulfide, methanethiol, carbon
disulfide and dimethyl disulfide. And Charies et. al(15)
described also, methanethiol was lower concentration,
but dimethy]l disulfide was most of sulfur- containing
volatile compounds in broccoli under anaerobic conditions,
and the result was similar pattern of ours.

2 o

Cabbage$} broccoli®] A 5 TRFAES o2 F
ZHge) sl QFsEch Y BE L2 opened 2
mil LDPE(low density polyethylene), sealed 4 mil LDPE
9 BA(hartier polyethylene)Z AHESMETH £% Fos
opened 2 mil LDPES)A 7} w@ste=d], cabbages}
broccalioll A 72t 6%t 28% olitk. oldtilekaE
IDPERT} BAZ scal ¥A8 cabbages} broccoli®] A
wakor], 2 g@e 15Ue] 4T BA 2AAA 174
15%5} 31%o|glont, 4k §Fe 104 ¥ < 2% 2
3150t Cabbagest broceoli®] Feb4 £3 s s
E{hydrogen suffide, catbonyl sulfide, methanethiol 2
dimethyl disulfide) 2 23 Fol= zHzte] 437
o wE AdEq Fah AgEe|frk
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