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HortScience 35(5):885—-887. 2000. chromatograph (Hewlett Packard, Avondale,

Pa.) equipped with a methanizer (John T.

I 11 Booker, Austin, Texas) and a 60-cm stainless

Ye”OWIng Of BrOCCO“ In Storage IS steel column (2-mm ID) packed with Porapak
Q (80/100 mesh). Gas flows for,NH,, and

Reduced by 1-Methylcyclopropene air were 65, 30, and 300 mL-minrcepec-

tively. Oven, injector, and FID temperatures
Xuetong Fant and James P. Mattheis were 30, 50, and 20T, respectively.
Tree Fruit Research Laboratory, Agricultural Research Service, U SColorwasmeasuredatthe middie pointof

: the branchlet florets using a chromameter
Department of Agriculture, Wenatchee, WA 98801 (model CR-200; Minolta, Osaka, Japan) set

Additional index words. Brassica oleraceghylene, MCP, respiration for CIE illuminant C and fitted with an 8-mm
measuring aperture. Hue angle and chroma

Abstract Broccoli (Brassica oleraced. var. italica Plen) was held for 12 days at 16C in  were used to measure the yellowing and the

airorin ethylene (1ulL-L ), with or without prior exposure to MCP (1 uL-L ) for 12 hours. intensity of yellowing, respectively, of broc-

In a second experiment, the effects of concentration of MCP, prior to exposure to ethylenecoli florets. A total of 25 branchlets were

were evaluated. Treatment with MCP reduced whereas exposure to ethylene stimulatedmeasured (five per replicate).

respiration and yellowing. Treatment with MCP before continuous exposure to ethylene  Inthe MCP concentration experiment, the

negated the effects of ethylene. The inhibitory effect of MCP on respiration of broccoli broccoli branchlets were treated with 0, 0.01,

exposed to JuL-L* ethylene was concentration-dependent, while the effect on yellowing0.1, or JuL-L-*MCP for 12 h before exposure

was not. The results indicate that the yellowing of broccoli is mediated by ethylene action,to continuous JL-L ethylene for 12 d.

and that MCP treatment inhibits yellowing and reduces respiration, even when broccoli The experimentwas conducted using a com-

is exposed to ethylene. Chemical name used: 1-methylcyclopropene (MCP). pletely random design with four treatments and
five replicates per treatment. Data was sub-

Broccoliis afloral vegetable that senescelss and yellowing of broccoli (Wang, 1977)jected to analysis of variance and the least

rapidly after harvest, with senescence primaas does application of cytokinins (Batal et al.significant difference proceduresf) using

rily expressed as softening and yellowing 01982). The ethylene action inhibitor MCPSAS vers. 6.12 (SAS Institute, Cary, N.C.).

the florets and leaves (Hardenburg et al(Sisler and Serek, 1997), also inhibits floweDifferences between any two treatments larger

1986). The broccoli respiration rate afteSereketal., 1994, Sisler etal., 1996) and fruthan the sum of two standard deviations were

harvestis high (Hardenburg et al., 1986), anfhbdi et al., 1998; Fan and Mattheis, 1999always significantisp, P < 0.05).

rapid cooling, particularly the use ofGolding et al., 1998) senescence, and treat-

hydrocooling, is essential to slow deteriorament of broccoli with MCP reduces yellowing Results and Discussion

tion during storage, transport and marketingnd development of decay (Ku and Wills,

(Brennan and Shewfelt, 1989, Gillies andl999). Ethylene and/or high temperature stor- The respiration rate of control broccoli

Toivonen, 1995). When broccoli is stored age promote senescence of broccoli floretgtecreased and then increased slightly during

0°C with 95% relative humidity, quality can therefore, inhibition of ethylene action by MCPthe 18-d posttreatment period at 1D (Fig.

be maintained for 2 to 4 weeks (Ryall angrovides a means to slow development ofA). Treatment with MCP followed by stor-

Lipton, 1972); however, higher temperaturegellowing at higher than optimum storageage in air reduced the respiration rate through-

may occur during transport and marketingtemperatures. The present study provides fuout the 18-d investigation period, while eth-

Controlled or modified atmospheres of 0.5—2her information regarding broccoli responseglene increased the respiration rate of

kPa Q and 5-10 kPa CQlso slow softening to MCP treatment including reduction in ratesrontreated broccoli. The 12-h MCP treat-

and development of yellowing (Bastrash ebf respiration and yellowing during posttreat-ment prior to exposure to ethylene eliminated

al., 1993; Izumi et al., 1996, Makhlouf et al. ment storage in air or in ethylene-containinghe ethylene-induced respiration rise, and also

1989); however, tolerance to these atmacatmospheres. reduced the respiration rate to a level similar
spheres is temperature-sensitive and off- to MCP-treated broccoli stored in ethylene-

flavors may develop under anaerobic condi- Materials and Methods free air.

tions (Forney et al., 1991). Larger hue angle values (greener appear-

Yellowing of broccoli is associated with  ‘Windsor’ broccoli harvested from a local ance) are highly correlated with total chloro-
chlorophyll degradation and increased xanfarm was used within 6 h of harvest or storeghyll content of broccoli florets (Tian et al.,
thophyll content (Tian et al., 1994; Wang,at 0 °C prior to treatment. Branchlets werel994). In our study, hue angle of control
1977; Yamaguchi and Watada, 1998). Treaprepared from the whole head, and were surfaderoccoli did not change within the first 8 d
ing broccoli with exogenous ethylene or prosterilized in a 0.01% (w/v) NaOCI solution for (Fig. 1B), but decreased rapidly thereafter.
pylene promotes yellowing (Borochov and2 min prior to rinsing twice with distilled Continuous ethylene accelerated yellowing.
Woodson, 1989; Tian, et al., 1994).water. The branchlets were incubated &0 Treatment with MCP, even when followed
Aminoethoxyvinylglycine (AVG), aninhibi- for 6 h, then treated with air on-L-* MCP by continuous exposure to ethylene, prevented
tor of ethylene synthesis, delays chlorophyl(Floralife, Walterboro, S.C.) in sealed 4-L jarsyellowing over the entire 18-d period. Chroma

for 12 h at 10C. After the treatment, air, or air of control broccoli changed little during the
Received for publication 22 Mar. 1999. AcceptedNith 1 uL-L-_l ethylene, flowed continuously first 8 d at 10°C (Fig. 1C), the_n gradually
for publication 25 Jan. 2000. We thank Davidthrough the jars at5 L=hThe four treatments increased from 12-18 d. Continuous ethyl-
Buchanan and Janie Gausman for technical ass@ere: 1) air (COhtrO'); 2) []lL'L_l MCP for12 ene exposure resulted in increased chroma.
tance and Floralife, Walterboro, S.C., for providingh, then air; 3) continuous [IL-L-*ethylene; Treatment with MCP, with or without ethyl-
Ethylbloc. Mention of atrademark, proprietary prod-and 4) 1uL-L-* MCP for 12 h followed by ene, prevented yellowing. These results
uct, or vendor does not constitute a guarantee gontinuous JuL-L- ethylene. Light was ex- suggest that yellowing of broccoli is medi-
warranty ofthe product by the U.S. Dept. of Agricul-c|yded for the 18-d posttreatment period. Therated through ethylene action.

:)“frce)tﬁg‘ Sr%ilsurc]?st ig:F\’/'Zri]tjoe:gQagzﬂl?otﬁaixggziljc’i%/ere five replicates per treatment w200 g The effect of MCP on inhibiting the effect
able. The cost of publishing this paper was tefraye roccoli per replicate. of ethylene on respiration rates was dose-

in part by the payment of page charges. Under postal Respiration rate was dgterr_nined by mead_ep_endent (Fig. 2A). Respiration rates were
regulations, this paper therefore must be heret?(“"ng the CQ concentration in the outlet similar for 0.01 and 0.JuL-L™* MCP treat-
markedadvertisemensolely to indicate this fact. flow from each jar. A 1-mL gas sample wasnents. A concentration ofl-L-* was most
iCurrent address: USDA, ARS, ERRC, 600 Ewithdrawn from the jar outlet, and G the effective but as little as 0.QiL-L-tinhibited
Mermaid Lane, Wyndmoor, PA 19038. sample was determined using a HP 5890 gdise ethylene-promoted decrease in hue angle
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Fig. 1. Interactive effect of ethylene and MCP Al iespiration rate §) hue Fig. 2. Effect of MCP concentration oA)respiration rate B) hue angle,
angle, and@) chroma of ‘Windsor’ broccoli stored at 10. The broccoli and C) chroma of ‘Windsor’ broccoli stored at 2C. The broccoli
was treated with air (control), 12 hlL-L* MCP (MCP), 1pL-L* was treated with 0, 0.01, 0.1, opl-L-* MCP for 12 h prior to con-
continuous ethylene ¢8,), or 12 h 1uL-L~* MCP followed by IuL-L™* tinuous exposure to fiL-L~* ethylene. Vertical bars represemt of
continuous ethylene treatment (MCP ;Hg). Vertical bars represesi of means, n = 5.
means, n = 5.

and increase in chroma (Fig. 2 B and C). Thduring the yellowing of florets (days 8 to 18, Treatment with MCP effectively inhibits
0.01,0.1, and uL-L-*MCP treatments were Fig. 1), and exposure to ethylene promotetespiration and yellowing of broccoli at con-
equally effective in delaying yellowing or the rise in respiration. The MCP treatmententrations as low as 0.pL-L%, even in the
loss of chroma. The lack of a dose response foeduced the respiration rate compared to copresence of iL-L-tethylene. This indicates
color change contrasts with the report of Kdrols and inhibited the ethylene-induced inthat: 1) increases in respiration and yellow-
and Wills (1999) and may be due to our use afrease in respiration rate. These results sujmg occurring during broccoli senescence are
a different cultivar, longer treatment durationport the view that broccoli is climacteric. mediated by ethylene action; and 2) ethylene-
or treatment at 10C. In contrast with the Our results are in agreement with earliemduced increases in respiration and yellow-
results of the previous experiment, broccolfindings that broccoli is sensitive to exog-ing occur via a similar signaling pathway,
treated with MCP, then exposed tpll-L-*  enous ethylene (Ku and Wills, 1999; Tian ebecause MCP treatment inhibits both of these
ethylene, yellowed between 9 and 12 d aftaal., 1994). The first 2 d of ethylene treatmentesponses. The use of MCP can delay the
treatment. Broccoli used in the concentratiodid not increase yellowing. Tian et al. (1994)ellowing of broccoli even in the presence of
experiment had been stored dt@for 25 d suggested that broccoli tissues are less sensthylene. Broccoli stored at°’C can be held
prior to treatment. This length of storage mayive to ethylene during this time. The respirafor 2 weeks; however, higher temperatures
make broccoli more susceptible to yellowingion rate fell within 24 h after MCP treatment,are often encountered during handling, trans-
(Tian et al., 1994). suggesting that ethylene could be perceivegortation, and retail marketing.

Makhlouf et al. (1989) proposed that broc-continuously. The metabolic processes that The use of MCP can reduce the require-
coli is climacteric because respiration rateesult in yellowing may need to progress foment for low temperature while still prolong-
and ethylene production increase during st least 2 d for enough color change to occung storage life; therefore commercial use of
nescence as florets become yellow. In ouo be detected by the chromameter used MCP may enhance broccoli condition under
experiments, respiration increased slightlyhis study. suboptimal postharvest conditions. Should
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MCP become available for commercial useFan, X. and J.P. Mattheis. 1999. Methyl jasmonate trolled atmospheres. J. Amer. Soc. Hort. Sci.
broccoli losses due to poor control of tem- promotes degreening of apple fruit indepen- ~ 114:955-958.
perature during wholesale and retail handling digt of ethylene action. HortScience 34:310-Ryall, A.L. and\/(\j/J Lipton. %?79 Har:jdlmg trag:s-
portation and storage of fruits and vegetables.
should be greatly reduced. Forney, C.F., J.P. Mattheis, and R.K. Austin. 1991. vol. 1. Vegetables and melons. 2d ed. AVI,
Volatile compounds produced by broccoliun-  Westport, Conn.
der anaerobic conditions. J. Agr. Food ChemSerek, M., E.C. Sisler, and M.S. Reid. 1994. A
39:2257-2259. volatile ethylene inhibitor improves the
Abdi, N., W.B. McGlasson, P. Holford, M. Will- Golding, J.B., D. Shearer, S.G. Wyllie, and W.B.  postharvest life of potted roses. J. Amer. Soc.
iams, and Y. Mizrahi. 1998. Response of McGlasson. 1998. Application of 1-MCP and  Hort. Sci. 119:572-577.
climacteric and suppressed-climacteric plums propylene to identify ethylene-dependent ripSisler, E.C. and M. Serek. 1997. Inhibitors of
to treatment with propylene and 1l-methyl- ening processes in mature banana fruit. ethylene responses in plants at the receptor
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