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Glucosinolates in Mixed-Packaged Mini Broccoli and Mini
Cauliflower under Modified Atmosphere
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Contents of total and individual glucosinolates of mini broccoli cv. Milady and mini cauliflower cv.
Clarke were assessed to determine the effect of modified atmosphere packaging on postharvest
glucosinolate dynamics of mixed mini Brassica vegetables. Therefore, mixed-packaged mini broccoli
and mini cauliflower stored in food trays sealed with two different microperforated biaxial-oriented
polypropylene films for up to 7 days at 8 °C were analyzed. The results indicate that modified
atmosphere at 8% O, + 14% CO, was a suitable gaseous combination to maintain aliphatic and
indole glucosinolates in mini broccoli for 7 days after an initial decrease at 4 days. In contrast, modified
atmosphere at 1% O, + 21% CO, resulted in the best retention of indole glucosinolates of mini
cauliflower for 7 days and also of aliphatic glucosinolates after an initial decrease at 4 days. Thus, to
maintain glucosinolates and external appearance and to prevent off-odor, mini broccoli and mini
cauliflower should be packed separately in suitable altered gas composition.

KEYWORDS: Glucosinolates; Brassica oleracea var. italica Plenck; Brassica oleracea var. botrytis L.;
postharvest

INTRODUCTION modified atmosphere, respectively (112). Hansen et al1@)
reported that compared to freshly harvested broccoli, the total
glucosinolate content increased by 21% with storage over 7 days
at 10 °C under 0.5% @ + 20% CQ, whereas controlled
atmosphere (CA) storage with 20% ¢ the absence of £
reduced the content of the main indole glucosinolate gluco-
brassicin by 58% and resulted in visible gi@juries. In contrast,

The consumption of mini vegetables including mixed-
packaged mini vegetables, for example, mini broccoli and mini
cauliflower, is on the increase due to a higher demand for
healthy, single-serving snacks and convenience foads3).

Numerous studies have already shown the health-promoting

effects ofBrassicavegetables (see, e.g., refand5). Due to Rangkadilok et al.14) found in broccoli stored at 4C under

their anticarcinogenic properties, glucosinolates and their hy- L 0 o
drolyzed products have generated considerable interest, espe.gA conditions (1.5% @+ 6% CQy) for up to 25 days or stored

cially in regard to the pharmaceutical indust).( in modified-atmosphere packaging (MAP; 0.2%-©15% CQ)
. S . for up to 10 days no significant changes in the main aliphatic
Glucosinolates are a group of phytochemicals found in plants

- . . : glucosinolate glucoraphanin. Moreover, Vallejo et dl5)
of the order Capparales, |nclud|ng agricultural Important crop demonstrated a distinct decrease of aliphatic and indole glu-
plants of the family Brassicacea@)( They consist of g-b-

thioglucose reduced group, a sulfonated oxime moiety, and 5 c0sinolates by 71% in low-density polyethylene film-wrapped

variable side chain derived from amino acids (8). On the basis broc.coh (17% Q + 3% CQy) within 7 days at I°C.
of the chemical structures of their side chains, glucosinolates ~With regard to cauliflower stored under altered &hd CQ
can be subdivided in different classes such as aliphatic, aromatic COmpositions, the external appearance and vitamin or other
and indole (9,10). nutritionally valuable compound contents.have been investigated
At present, only limited information is available on the (S€€, e.g., refi6—18); however, glucosinolate contents have
postharvest glucosinolate dynamics of two highly consumed Not:
Brassicavegetables, namely, broccoli and cauliflower. Further- ~ Due to the limited and partly contradictory literature relating
more, to date, there are no reports on the effect of modified to postharvest glucosinolate dynamics of broccoli and cauli-
atmosphere on glucosinolate content in mixed-packaged miniflower under controlled and modified atmosphere, respectively,
broccoli and mini cauliflower. coupled with the knowledge of increased consumption as
In regard to external and sensory quality, broccoli and healthy, single-serving snacks, the objective of the present study
cauliflower are known to benefit from storage in controlled and was to determine the effect of MAP with very low and moderate
O, concentrations combined with high and very high O
* Corresponding author [telephone49-(0)33701-78304; fax-49-(0)- concentrations on total and individual glucosinolates in mixed-
33701-55391; e-mail schreiner@igzev.de]. packaged mini broccoli and mini cauliflower.
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MATERIALS AND METHODS Table 1. Contents of Aliphatic Glucosinolates of Mini Broccoli Cv.

Experimental Setup.Mini broccoli cv. Milady and mini cauliflower Milady Stored in Modified Atmosphere for up to 7 Days at 8 °C

cv. Clarke were grown at the experimental station of the Institute of
Vegetable and Ornamental Crops Grossbeeren/Erfurt e.V. (Golzow,
Germany) in the spring growing cycle (planting in April) and were

aliphatic glucosinolates? («mol/g of dw)

total aliphatic

harvested randomly at the end of June. Fertilization, irrigation, and MAP glucoraphanin glucoiberin glucosinolates
plant protection corresponded to the guidelines of the integrated 1% O, +21% CO,
cultivation for broccoli and cauliflowerl@). After harvest, mini broccoli harvest 434 a 0.65a 5.00a
and mini cauliflower were transported to the Institute of Vegetable and 4 days of storage 3.12b 0.52b 3.67b
Ornamental Crops Grossbeeren/Erfurt e.V. (Grossbeeren, Germany) in 7 days of storage 342D 053D 4.00b
an air-conditioned (8C) vehicle. Broccoli and cauliflower heads were 0.68 0.11 0.78
s 8% O, + 14% CO;,

sorted on the same day to eliminate those that were damaged or

isshaned. and head h | df " iaht and si harvest 434a 0.65a 5.00a
misshaped, and hea s_we_re; then selected for unl_orm weight and size 4 a5 of storage 3.07b 0.47b 357b
(mini broccoli, 70+ 5 g; mini cauliflower, 100+ 5 g; length of head 7 days of storage 3.71ab 0.58 ab 4.35 ab
arc, 10—12 cm). HSD 071 0.12 0.84

Postharvest TreatmentsThree broccoli and two cauliflower heads
were mixed-packed in polypropylene food trays (ES Plastic GmbH Co.  avalues represent the mean of nine samples. Values followed by the same
KG, Hutthurm, Germany; 275 mm 175 mmx 75 mm in size; weight, letter are not significantly different. The differences are compared for each MAP
33.4 g; volume, 2.2 L) sealed with a biaxial-oriented polypropylene and each individual glucosinolate, particularly at harvest and after 4 and 7 days
(BOPP) film (NNZ GmbH, Lineburg, Germany; 3n thick) with after harvest. 2 HSD, least honestly significant difference.
two different microperforations: two or eight microholes (diameter
0.37 mm). Due to the different microperforations of the film, two
modified atmospheres were created after 24 h of equilibration in the
food tray packaging: 1% ©t+ 21% CQ (two microholes) and 8% O
+ 14% CQ (eight microholes). @and CQ concentrations were Statistical Analysis. The contents of total and individual gluco-

verified daily by analyzing 5 mL gas samples by a#@D, headspace : ; : : :
! . sinolate in broccoli and cauliflower heads were analyzed using
gas sampler (type Checkmate 9900; PBI Dansensor, Ringsted, Den'multifactorial analysis of variance, and least-significant differences were

. o 2 0
mark). The Q and CQ concentrations were maintained within 10% calculated with Tukey’s honestly significant difference test (significance

of the requwte(lj Cr? ncebntratllzgr.;he Teale.dJOOS Itrtays V\;‘_ere slto'\sled in anlevel, P < 0.05). All statistical analyses were performed with Statistica
environmental chamber ( ir volume; York International, Man- for Windows (version 6.1, Statsoft Inc.).

nheim, Germany) at 8C combined with>80% relative humidity for
up to 7 days, simulating marketing in cooled, mist-equipped display
cases or short-term storage in cold rooms. RESULTS AND DISCUSSION
The entire experiment comprised three replications conducted inthe  The total glucosinolate content as well as the individual
spring growing cycle (April—June) in the years 2003, 2004, and 2005. gliphatic (methylsulfinylalkyl glucosinolates: glucoraphanin and
Sample Preparation and Glucosinolate AnalysisAt harvest and glucoiberin) and indole (glucobrassicin, neoglucobrassicin,
after 4 and 7 days of storage, three samples per treatment were remOVe‘i-hydroxygIucobrassicin, and 4-methoxyglucobrassicin) glu-
for glucosinolate analysis. For the determination of glucosinolates, ~sqinolate contents were quantitatively determined in mini

Glucosinolate content was calculated using sinigrin as internal standard
and the response factor of each compound relative to sinigrin.
Determination of glucosinolates was performed in duplicate.

broccoli and cauliflower heads were frozen28 °C), freeze-dried, and
then ground to a fine powder.

The HPLC method reported by Krumbein et &0] was used for
glucosinolate determination. Duplicates of freeze-dried sample material
(0.5 g) were heated to and incubated at°Csfor 1 min, extracted
with 4 mL of a methanol/water mixture (v 7:3, T= 70 °C), and
then, after the addition of 1 mL of 0.4 M barium acetate, centrifuged
at 4000 rpm for 10 min. Two hundred microliter§ @ 5 mM stock
solution of sinigrin in methanol was added to one of the duplicates

broccoli heads at harvest and after 4 and 7 days of storage
(Tables 1 and 3). The predominant glucosinolate was glu-
coraphanin, followed by glucobrassicin. In addition to the
aliphatic glucosinolates glucoraphanin and glucoiberin, relatively
high levels of sinigrin and low levels of progoitrin were found
in cauliflower. The group of indole glucosinolates in cauliflower
consists of glucobrassicin, 4-methoxyglucobrassicin, and neo-
glucobrassicin; 4-hydroxyglucobrassicin was also detected, but

just before the first extraction as internal standard. The residue wasat very low levels (Tables 2and 4). Similar glucosinolate

extracted twice more with 3 mL of the methanol/water mixture ¢w/v
7:3,T=70°C). The supernatants were pooled and made up to 10 mL
with methanol/water mixture (v/¥ 7:3, T = 70°C). From this, 5 mL

of the extract was applied to a 250 DEA-Sephadex A-25 ion
exchanger (acetic acid-activated, Sigma-Aldrich Chemie GmbH,
Taufkirchen, Germany) and rinsed with 10 mL of bidistilled water.
Next, 250uL of a purified solution of aryl sulfatase (Boehringer-
Mannheim GmbH, Mannheim, Germany) was applied and left for 12
h before the desulfo compounds were flushed with 5 mL of bidistilled
water.

Desulfoglucosinolate analysis was conducted by HPLC (Merck
HPLC pump L-7100, DAD detector L-7455, automatic sampler AS-
7200, and HPLC Manager software D-7000) using a Spherisorb ODS2
column (5um, 250 x 4 mm). A gradient of 8-20% acetonitrile in
water was selected from 2 to 34 min, followed by 20% acetonitrile in
water until 40 min, and then 100% acetonitrile for 10 min until 50
min. Determination was conducted at a flow of 1.3 mL mliand a

profiles in broccoli and cauliflower were reported by Hansen
et al. (13), Branca et al2@), and Schonhof et al28).

Aliphatic Glucosinolates. Contents of both methylsulfinyl-
alkyl glucosinolates glucoraphanin and glucoiberin decreased
in mini broccoli heads at very low Oconcentration (1%)
combined with very high C®concentration (21%), whereas
moderate @ concentration (8%) with high CQOconcentration
(14%) led to decreased contents of glucoraphanin and gluco-
iberin until 4 days of storage followed by a tendentious
accumulation of these methylsulfinylalkyl glucosinolates at the
end of the storage after 7 dayBaple 1).

Radishes packed in modified atmosphere (896+&% CQ,)
also showed after an initial decrease an accumulation of aliphatic
glucosinolates after 5 days of storagg4). Moreover, the
glucoraphanin and glucoiberin contents of mature broccoli heads

wavelength of 229 nm. Sinigrin (Sigma-Aldrich Chemie GmbH) and stored in a F:ontrolled atmosphere (0'5%920% CQ) were
glucotropaeolin (AppliChem GmbH, Darmstadt, Germany) were used '€Ported to increase tendentiously during 7 days of storkgje (

as standards. Individual glucosinolates were identified by comparison Hansen et al.13) proposed that this increase of 8% could be
of their retention times with individual glucosinolates in standard associated with enhanced levels of metabolites (e.g., amino
reference materials of oilseed rape (BCR-190R and BCR-3628) ( acids) being available for a de novo glucosinolate biosynthesis
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Table 2. Contents of Aliphatic Glucosinolates of Mini Cauliflower Cv. Clarke Stored in Modified Atmosphere for up to 7 Days at 8 °C

aliphatic glucosinolates? (umol/g of dw)

MAP sinigrin progoitrin glucoraphanin glucoiberin total aliphatic glucosinolates

1% O, + 21% CO,

harvest 1.86a 0.18a 0.21a 1.64 3.90a

4 days of storage 150b 0.13ab 0.13b 1.24 3.00b

7 days of storage 149b 0.14b 0.16 ab 1.34 3.17ab

HSDb 0.36 0.05 0.06 0.46 ns 0.87
8% O, + 14% CO;,

harvest 1.86 a 0.18a 021a 1.64 390a

4 days of storage 140b 0.12b 0.14b 1.29 2.94b

7 days of storage 127b 0.11b 0.14b 1.23 2.75b

HSD 0.26 0.04 0.06 0.42 ns 0.72

2Values represent the mean of nine samples. Values followed by the same letter are not significantly different (ns, not significant). The differences are compared for
each MAP and each individual glucosinolate, particularly at harvest and after 4 and 7 days after harvest. ® HSD, least honestly significant difference.

Table 3. Contents of Indole Glucosinolates of Mini Broccoli Cv. Milady Stored in Modified Atmosphere for up to 7 Days at 8 °C

indole glucosinolates® («mol/g of dw)

MAP glucobrassicin 4-hydroxyglucobrassicin 4-methoxyglucobrassicin neoglucobrassicin total indole glucosinolates

1% O, + 21% CO,

harvest 1.52 0.15a 0.21 0.8la 2.69a

4 days of storage 1.27 0.10b 0.21 0.59b 2.16b

7 days of storage 1.27 0.09b 0.24 0.56 b 2.15b

HSDb 0.27 ns 0.03 0.04 ns 0.23 0.50
8% O, + 14% CO,

harvest 1.52 0.15a 0.21b 0.8la 2.69a

4 days of storage 1.25 0.09b 0.21b 0.57b 212b

7 days of storage 135 0.12b 027a 0.52b 2.56 ab

HSD 0.29ns 0.03 0.04 0.24 0.52

@Values represent the mean of nine samples. Values followed by the same letter are not significantly different (ns, not significant). The differences are compared for
each MAP and each individual glucosinolate, particularly at harvest and after 4 and 7 days after harvest. » HSD, least honestly significant difference.

Table 4. Contents of Indole Glucosinolates of Mini Cauliflower Cv. Clarke Stored in Modified Atmosphere for up to 7 Days at 8 °C

indole glucosinolates? («mol/g of dw)

MAP glucobrassicin 4-methoxyglucobrassicin neoglucobrasscin total indole glucosinolates

1% O, +21% CO;,

harvest 2.19 0.051 0.108 2.35

4 days of storage 1.58 0.055 0.091 1.72

7 days of storage 1.64 0.062 0.087 1.79

HSD? 0.69 ns 0.012 ns 0.069 ns 0.76 ns
8% O, + 14% CO,

harvest 219a 0.051 0.108 2.35a

4 days of storage 153b 0.054 0.093 1.68b

7 days of storage 121b 0.047 0.067 1.33b

HSD 0.56 0.012 ns 0.068 ns 0.61

@ Values represent the mean of nine samples. Values followed by the same letter are not significantly different (ns, no significant). The differences are compared for each
MAP and each individual glucosinolate, particularly at harvest and after 4 and 7 days after harvest. ® HSD, least honestly significant difference.

that originated from the decomposition of other compounds. aliphatic glucosinolates in mini broccoli. However, at strongly
This process also seems to take place in mini broccoli packedreduced @ concentrations of 1%, decreased aliphatic gluco-
in a modified atmosphere. It is assumed that the increase insinolate contents were found in mini broccdlaple 1), whereas
glucosinolate content by a de novo biosynthesis in controlled tendentiously increasing methylsulfinylalkyl glucosinolate con-
and modified atmospheres is a stress response due to thdents or unchanged glucoraphanin contents were obtained for
increased C@and decreased&oncentrations. The hypothesis mature broccoli in CA storage or in modified atmosphere
of stress-induced accumulation of glucosinolates is supportedpackaging at very low ® concentrations (0.5 and 0.2%,
by Bennett and Wallsgrove®). They detected increased levels respectively) 13, 14). Regarding the decreasing contents of
of glucosinolates due to environmental impact. glucoraphanin and glucoiberin of mini broccoli at very low O
The oxygen dependence of the cytochrome P450-dependentoncentration of 1%, it could be assumed that younger broccoli
monooxygenases of the CYP 79 family catalyzing the formation heads have a more pronounced &ensibility than mature
of aliphatic aldoxime-a key regulatory step in aliphatic  broccoli heads. Kay2@) also stated that susceptibility to low-
glucosinolate biosynthesis (2B7)—seems not to be a limiting O, conditions is related to the product’s nature, such as the stage
factor in broccoli for the de novo biosynthesis of glucoraphanin of development.
and glucoiberin at moderate,@oncentrations in postharvest, Moreover, the CQ level also seems to be important for
because an Dlevel of 8% enables a significant increase of maintaining, decreasing, or increasing aliphatic glucosinolate
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content after harvest in broccoli heads. In our experiments with
mini broccoli at high CQ concentrations (14%) as well as in
the investigations of Rangkadilok et al4) and Hansen et al.
(13) with mature broccoli at higher G@oncentrations (15 and
20%, respectively) at low to moderate, @vels (0.5-8%),
unchanged or rising contents of aliphatic glucosinolates after 7
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8). The myrosinase—glucosinolate system is a preferred two-
component system—myrosinase is located in myrosin cells and
glucosinolates in the vacuole$Q, 31)—which is activated by
tissue damage or loss of cell integrity during product senescence.
Chong and Berard3@) have already reported that cold-stored
cabbage showed a rapid decline of glucosinolates at the

and 10 days of storage, respectively, were detected. In contrastbeginning of product senescence. Additionally, myrosinase can

Vallejo et al. (L5) integrated a low C&evel (3%) at moderate
O, concentration in the MAP of mature broccoli, resulting in a

also be inactivated by enhanced £®@ncentrations33). Thus,
myrosinase hydrolysis in mature broccoli marked by progressed

strong decomposition of aliphatic as well as indole glucosino- development could explain the glucosinolate decomposition in
lates. Taken tOgether, these results indicate that enhanC@d COmature broccoli heads stored at low Q@/eb, whereas mature

concentrations=14% are necessary for preventing loss in

broccoli heads 43, 14) stored at enhanced G@evels =6%

glucosinolates, even when the storage temperature is very lowgombined with low (0.5 and 1.5%, respectively) or moderate

at 1 °C, as was demonstrated in mini broccoli and mature
broccoli headsX3, 14). However, with regard to the decreased
content of aliphatic glucosinolates in mini broccoli at 1%-©
21% CQ, strongly enhanced G@oncentrations (21%) should
be precautionarily avoided to prevent degradation of aliphatic
glucosinolates in mini broccoli.

Total aliphatic glucosinolate content decreased in mini
cauliflower heads at moderate Concentration (8%) combined
with high CG, concentration (14%) due to the degradation of
sinigrin, progoitrin, and glucoraphanifble 2), whereas very
low O, concentration (1%) with very high CGQxoncentration
(21%) led to a reduced total aliphatic glucosinolate content until
4 days of storage followed by a tendentious final increase at
the end of the storage after 7 day&able 2). Thus, in mini
cauliflower, the combination of reduced@nd enhanced GO
concentrations, especially at 8% @ 14% CQ, promoted the
decomposition of aliphatic glucosinolates.

Indole Glucosinolates.In mini broccoli, the total indole
glucosinolate content decreased at 1%#21% CQ, and this
was predominantly due to the degradation of neoglucobrassicin
and 4-hydroxyglucobrassicin. In contrast, moderaie@ncen-
tration (8%) with high CQ concentration (14%) resulted in,
after a drop at 4 days of storage, an increased level of indole
glucosinolates at the end of storageable 3). However, in
mature broccoli heads, Hansen et &B)found a tendentiously
increasing content of indole glucosinolates in CA storage (0.5%
O, + 20% CQ), whereas mature broccoli in MAP with low
CO; levels (3%) showed a decrease in contents for all individual
indole glucosinolates, particularly for neoglucobrasscin (15).

In contrast to mini broccoli, in mini cauliflower stored at 1%
0O, + 21% CQ the indole glucosinolate contents remained
unchanged, whereas in a modified atmosphere with increasing
O, and lower CQ levels (8% Q + 14% CQ), a continuous
reduction of total indole glucosinolates mainly due to the
decomposition of glucobrassicin was observEeake 4). Thus,
mini cauliflower seems to need a very low, @oncentration
(1%) combined with a very high GQconcentration (21%) to
avoid decomposition of indole glucosinolatdgble 4) and to
induce a tendentious final increase of the total aliphatic
glucosinolate content after 7 days of storagat{e 2), although
for mature cauliflower with respect to color retention of the
inflorescences and leaves, an even weaker gas composition o
only 2—3% Q + 3—4% CQ has been recommendetil( 29).

In contrast, Cantwell and Suslow3() recommended for
cauliflower florets higher @concentration (5—10%) to avoid
discoloration and off-odors. However, with respect to gluco-
sinolates lower @levels should be applied, because no off-
odors or color degradation occurred in our investigations.

MAP for Mini Broccoli and Mini Cauliflower. Degradation
of glucosinolates is due to glucosinolate hydrolysis catalyzed

0, levels (8%) showed no glucosinolate degradation. In contrast,
in mini broccoli and mini cauliflower, modified atmospheres
with high or very high CQ concentrations (8 or 21%) led to
decreasing contents of aliphatic and indole glucosinolates,
respectively. Moreover, no senescence symptoms, for example,
color changes, were visible. Thus, it could be assumed that the
decreasing glucosinolate contents should not related to myro-
sinase activity but to glucosinolate transport processes. As shown
by Arabidopsis thalianaglucosinolates could be transported
by phloem, enabling a glucosinolate exchange between the
individual plant organs34, 35). It is assumed that during 1
week of packaging glucosinolates were transported from the
florets to the stalks due to the changing source-sink relationship
induced by enhanced transpiration at the cut stalk edges. To
confirm this hypothesis, in further experiments the glucosinolates
have to be determined in both stalks and florets.

Moreover, the differences in postharvest glucosinolate me-
tabolism of mini broccoli and mini cauliflower as well as the
different responses to altered gas composition of broccoli are
assumed to be due to the vegetables’ precondition being
influenced by the seasonal preharvest conditions and the
development stage at harvest as was found for radigh The
various products’ precondition can be demonstrated by variable
glucosinolate content at harvest. For example, the glucoraphanin
content in broccoli ranged from 6 to 1Bnol/g of dry matter
due to changing climate conditions (37).

In this study, the results indicate that modified atmosphere
at 8% Q + 14% CQ was a suitable gaseous combination to
maintain aliphatic and indole glucosinolates in mini broccoli
for 7 days at 8C after an initial decrease at 4 days. In contrast,
modified atmosphere at 1%,3 21% CQ resulted in the best
retention of indole glucosinolates of mini cauliflower for 7 days
and also of aliphatic glucosinolates after an initial decrease at
4 days. Hence, mixed packaging of mini broccoli and mini
cauliflower at either of the applied altered gas compositions
could maintain the glucosinolate content of only one mini
Brassicavegetable and simultaneously reduce the glucosinolate
contents in the other.

No color loss in any food tray packaging was detected during
the entire storage period. Additionally, the fresh weight loss at
the end of any MAP was low and varied between 0.8 and 1.3%.
Thus, to maintain glucosinolates and also external appearance,
mini broccoli and mini cauliflower could be packed separately
in suitable altered gas composition. To offer a combined
packaging of mini broccoli and mini cauliflower, food trays with
two compartments sealed with BOPP film having different
microperforations to allow the buildup of the corresponding
favorable modified atmospheres would be ideal for maintaining
glucosinolate contents of both mini broccoli and mini cauli-

by endogenous thiogluosidases, the myrosinases (see, e.g., réfower within 7 days. This would ultimately result in the
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consumer benefiting from the high health-promoting quality of
mini broccoli and mini cauliflower.

LITERATURE CITED

(1) Gonzalez, A.; Ochoa, J.; Fernandez, J.; Casanova, E.; Vicente,

F. Variacion de la densidas de plantacion para producir mini-
coliflores empleando cultivares no especificdgric. Vergel
1997, 316—321.

(2) Krumbein, M. Neue Produktformen bei BlumenkoBkertner-
post2001, 37.

(3) Sloan, A. Top 10 global food trendSood Technol2005,59,
20-32.

(4) Steinmetz, K. A.; Potter, J. D. Vegetables, fruit, and cancer
prevention: a reviewd. Am. Diet. Asoc1996,96, 1027—1039.

(5) World Cancer Research Fund, American Institute of Cancer
ResearchFood, Nutrition and the Pregention of Cancer: a
Global Perspective; Washington, DC, 1997; pp 1—670.

(6) Zhao, J.; Davis, L. C.; Verpoorte, R. Elicitor signal transduction
leading to production of plant secondary metaboBistechnol.
Adv. 2005,23, 283—333.

(7) Rodman, J. A taxonomic analysis of glucosinolate-producing
plants. Part 1: PheneticSyst. Bot1991,16, 598—618.

(8) Mikkelsen, M. D.; Petersen, B.; Olsen, C.; Halkier, B. A.
Biosynthesis and metabolic engineering of glucosinol#&ssno
Acids2002,22, 279—295.

(9) Wallsgrove, R.; Bennett, R. The biosynthesis of glucosinolatesin
Brassicas. InAmino Acids and Their Deratives in Higher
Plants; Wallsgrove, R., Ed.; Society for Experimental Biology
Seminar 56; University Press: Cambridge, U.K., 1995; pp-243
259.

(10) Halkier, B. A.; Du, L. The biosynthesis of glucosinolatésends
Plant Sci.1997,2, 425—431.
(11) Reid, M.; Serek, M. IrGuide to Food TranspottControlled

Atmosphere; Mercantila Publishers: Copenhagen, Denmark,

1995; pp 1-153.

(12) Kader, A. A. Modified atmosphere during transport and storage.
In Postharvest Technology of Horticultural Crof Kader, A.
A., Ed.; University of California, Division of Agriculture and
Natural Resources: Los Angeles, CA, 2002; 3311, pp-135
144,

(13) Hansen, M.; Mgller, P.; Sgrensen, H.; Cantwell de Trejo, M.

Glucosinolates in broccoli stored under controlled atmosphere.

J. Am. Soc. Hortic. Scil995,120, 1069—1074.
(14) Rangkadilok, N.; Tomkins, B.; Nicolas, M. E.; Premier, R. R.,
Bennett, R. N.; Eagling, D. R.; Taylor, P. W. The effect of post-

harvest and packaging treatments on glucoraphanin concentration

in broccoli Brassica oleraceaar.italica). J. Agric. Food Chem.
2002,50, 7386—7391.

(15) Vallejo, F.; Tomas-Barberan, F.; Garcia-Viguera, C. Health-
promoting compounds in broccoli as influenced by refrigerated
transport and retail sale periadl. Agric. Food Chem2003,51,
3029—-3034.

(16) Ratti, C.; Rabie, H. R.; Raghavan, G. S. Modelling modified

atmosphere storage of fresh cauliflower using diffusion channels.

J. Agric. Eng. Res1998,69, 343—350.

(17) Artes, F.; Martinez, J. A. Quality of cauliflower as influenced
by film wrapping during shipmentEur. Food Res. Technol.
1999,209, 330—334.

(18) Ayranci, E.; Tunc, S. A method for the measurement of the
oxygen permeability and the development of edible films to
reduce the rate of oxidative reactions in fresh foéamd Chem.
2003,80, 423—431.

(19) Winkhoff, J.Integrierter Anbauvon Gemdise in der Bundesre-
publik Deutschland Zentralverband Gartenbau, Bundesfach-
gruppe Gemiisebau: Bonn, Germany, 1992.

Schreiner et al.

(20) Krumbein, A.; Schonhof, I.; Schreiner, M. Composition and
contents of phytochemicals (glucosinolates, carotenoids and
chlorophylls) and ascorbic acid in selectdssicaspecies (B.
juncea,B. campestrisB. rapa). Appl. Bot. Food Qual2005,
168—174.

(21) Linsinger, T.; Kristiansen, N.; Beloufa, N.; Schimmel, H.;
Pauwels, J. BCR information reference materials. European
Commission EUR 19764 EN, 2001.

(22) Branca, F.; Li, G.; Goyal, S.; Quiros, C. F. Survey of aliphatic
glucosinolates in Sicilian wild and cultivateBrassicaceae.
Phytochemistr2002,59, 717—-724.

(23) Schonhof, I.; Krumbein, A.; Briickner, B. Genotypic effects on

glucosinolates and sensory properties of broccoli and cauliflower.

Food 2004,48, 25-33.

Schreiner, M.; Huyskens-Keil, S.; Krumbein, A.; Prono-Widayat,

H.; Peters, P.; Ludders, P. Comparison of film packaging and

surface coating on bioactive substances in fruits and vegetables.

KTBL-Schrift2003,414, 39-44.

Bennett, R.; Wallsgrove R. Secondary metabolites in plant

defence mechanismblew Phytol.1994,127, 617—633.

Anderson, M. D.; Busk, P.; Svendson, I.; Mgller, B. L.

Cytochromes P-450 from cassawdanihot esculentaCrantz)

catalyzing the first steps in the biosynthesis of the cyanogenic

glucosides linamarin and lotaustralih. Biol. Chem 2000, 21,

1966—1975.

Nielsen, J. S.; Mgller, B. L. Cloning and expression of cyto-

chromes P-450 enzymes catalyzing the conversion of tyrosine

to p-hydroxyphenylacetaldoxime in the biosynthesis of the
cyanogenic glucosides imriglochin maritima. Plant Physiol.

2000,122, 1311-1321.

Kays, S. Stress in harvested productd?dsthavest Physiology

and Handling of Perishable Plant Productsays, S., Ed.; Van

Nostrand-Reinhold: New York, 1991; pp 335—407.

(29) Saltveit, M. A summary of CA requirements and recommenda-
tions for vegetablesActa Hortic. 2003,600, 723—727.

(30) Cantwell de Trejo, M. I.; Suslow, T. V. Postharvest handling
systems: fresh-cut fruits and vegetablesPosthavest Technol-
ogy of Horticultural Crops 3; Kader, A. A., Ed.; University of
California, Division of Agriculture and Natural Resources: Los
Angeles, CA, 2002; 3311, pp 445—463.

(31) Bones, A. M.; Rossiter, J. T. The myrosinase-glucosinolate
system, its organisation and biochemistysiol. Plant1996,

97, 194—208.

(32) Chong, C.; Berard, L. Changes in glucosinolates during refriger-
ated storage of cabbagk.Am. Soc. Hortic. Sci983 108 688—

691.

(33) Dunford, N. T.; Temelli, F. Effect of supercritical G®n
myrosinase activity and glucosinolate degradation in cadola.
Agric. Food Chem1996,44, 2372—2376.

(34) Chen, S. X.; Petersen, B. L.; Olsen, C. E.; Schulz, A.; Halkier,
B. A. Long-distance phloem transport of glucosinolates in
Arabidopsis.Plant Physiol.2001,127, 194—201.

(35) Chen, S. X.; Andreasson, E. Update on glucosinolate metabolism
and transportPlant Physiol. Biochen001,39, 743—758.

(36) Schreiner, M.; Huyskens-Keil, S.; Krumbein, A.; Prono-Widayat,
H.; Peters, P.; Lldders, P. Interactions of pre- and postharvest
influences on fruit and vegetable quality as basic decision for
chain managemenActa Hortic.2003,604, 211—-217.

(37) Schreiner, M.; Huyskens-Keil, S.; Krumbein, A.; Schonhof, |.;
Linke, M. Environmental effects on product quality. Fruit
and Vegetable Quality: an Integrated View; Shewfelt, R.,
Briickner, B., Eds.; Technomic Publishing: Lancaster, PA, 2000;
pp 85—95.

(24)

(25)

(26)

(27)

(28)

Received for review October 17, 2005. Revised manuscript received
January 24, 2006. Accepted January 26, 2006.

JF0525636



