JJOURNAL O

AGRICULTURAL AND
FOOD CHEMISTRY

Effect of Dips in a 1-Methylcyclopropene-Generating Solution
on ‘Harrow Sun’ Plums Stored under Different Temperature
Regimes

GEORGEA. MANGANARIS,™8 ARIEL R. VICENTE,S CARLOS H. CRrisosTqT AND
JOHN M. LABAVITCH*:8
Kearney Agricultural Center, University of Califorridavis, 9240 South Riverbend Avenue, Parlier,

California 93648, and Department of Plant Sciences, Mail Stop 5, University of CalifeDasis,
Davis, California 95616

The effect of postharvest dips in a 1-methylcyclopropene-generating solution of the formulation AFXRD-
038 (Rohm & Haas) on plum fruit (Prunus salicina Lindell cv. ‘Harrow Sun’) quality and ripening
during storage was determined. Fruit weight loss, tissue firmness, soluble solids content (SSC),
titratable acidity (TA), ethylene production, respiration, and the activities of the cell wall modifying
enzymes polygalacturonase (PG), 1,4-3-p-glucanase/glucosidase (EGase), -galactosidase (5-gal),
and pectin methylesterase (PME) were measured. Fruit reddening, anthocyanin content, and
phenylalanine ammonia-lyase (PAL) activity were also analyzed. The 1-MCP-treated fruit showed
reduced ethylene production and respiration rate and delayed softening, which was associated with
the reduction in the activity of PG, EGase, and 5-gal. The immersion in 1-MCP-generating solutions
also decreased weight and acidity loss without modifying the fruit SSC. The immersion treatment
was particularly effective in the fruit stored at 5 °C, keeping higher overall quality, maintaining lower
levels of anthocyanins and PAL activity, and preventing flesh reddening. The present data show that
beneficial effects in delaying plum fruit ripening and controlling chilling injury can be obtained by
dipping the fruits in a solution of this novel 1-MCP-generating formulation.
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INTRODUCTION in the development of Cl symptoms in several commodifes (
11), and reduction of low-temperature storage disorders by
reducing ethylene sensitivity and production has also been
achieved in products such as avocaild) @nd pineapplel(2).

The ethylene action inhibitor 1-methylcyclopropene (1-MCP)
has been an excellent tool for studies designed to determine
the role of ethylene in biological processes3)( 1-MCP
treatments also have been extremely useful for delaying the
physicat-chemical changes related to the ripening process and

The plum fruit is highly perishable, and postharvest softening
and incidence of chilling injury (Cl) symptoms are important
factors limiting its shelf life, shipping, and storagg 2). Plum
cultivars with high rates of ethylene production softened and
ripened more rapidly than cultivars that are low ethylene
producers &, 4); therefore, strategies to reduce ethylene
sensitivity and/or production would be extremely useful to

decrea_lse plum softening and detenorauo_n. . reducing decay and weight los$3( 14). Treatments at doses
Besides many other advantages, refrigerated storage is a}anging between 0.25 and 0.78 L' delayed ripening in

yvidely }Jsed strategy to reduce ethylene .production and SenSitiV'several plum cultivarsls—17). In these cases, the applications
ity during postharvest storage of horticultural producs. ( were achieved by mixing the product with water or a buffer
However, ?he use of low-temperature s_torage ha_s _tp be C"Jure'cu”ysolution to release the 1-MCP gas in enclosed areas. However,
Imanag[Ed :r; pluthms becaus%.?f the mﬁ't SUSCEp:]'b'“t.y to]r(])}l é th the availability of the proper facilities to treat the fruit could be

n gonl rastto o her_comm;)Clllﬁs Su% as getac e_:é;; V‘;h'c €a limitation under certain commercial situations. The identifica-
underlying mechanisms o ave peen aetermin X. € tion of nonvolatile and nontoxic compounds that will counteract
physiological basis of CI symptoms in plums, including internal ethylene without requiring a closed system for applications

Erownin?,bgl;_e:] b(;egl:golwn, ﬁnd/kc))r rec(ijdenirigtz, t8)d ?ats) not | ould make ethylene action inhibitors a much more versatile
een established. Elnylene has been demonstrated {o be INVOIVeR, | for postharvest manageme8(19). The objective of the

present study was to evaluate the effect of postharvest dips of
* Corresponding author [telephone (530) 752-0920; e-mail jmlabavitch@ ‘Harrow Sun’ plums in a solution of the 1-MCP-generating

ucq?(velzlﬁ]deL;I]IAgriculturw Center. formulation AFXRD-038 (Rohm & Haas) on ripening, quality,
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MATERIALS AND METHODS buffer containing 50 mM sodium acetate M NaCl, and 10 g L?*
) . . poly(vinylpolypyrrolidone) (PVPP), pH 5.5. The homogenate was
Fruit Material, 1-MCP Treatments, and Storage Regime.Plum stirred fa 3 h at 4°C and then centrifuged (1009030 min, 4°C).

fruits (Prunus salicinacv. ‘Harrow Sun’) were harvested (Fresno area, The sypernatant was collected, dialyzed overnight against 50 mM
CA) at firm-ripe stage during the summer of 2006 and divided into 18 ¢4 qium acetate, pH 5.0, and subsequently used for assaying polyga-

lots of 24 fruits. Twelve lots were immersed for 5 min in solutions of |+ ronase (PG, EC 3.2.1.67), Bb-glucanase/glucosidase, and
the formulation AFXRD-038 (Rohm & Haas Co., Philadelphia, PA). ﬁ-galactosidasa@égal EC 3_2.1_2'3) activities. '

One hundred and five milligrams or 1.05 g of the AFxRD-038
formulation was dissolved in 40 L of tap water according to the
manufacturer's recommendation to generate 0.1 and 1.0 Mgl
1-MCP, respectively. Six lots of fruit were dipped in water for 5 min
and used as controls. A nonionic surfactant (0.1% Nu-Film P, Miller
Chemical & Fertilizer Corp., Hanover, PA) was added to the solutions
to increase the effectiveness of the treatments. After immersion, one
lot from each treatment was analyzed after 5 and 7 days A€ Z6helf
life). The remaining lots were stored atO (simulation of conventional
cold storage) or BC (simulation of transportation storage) for 10 days
and sampled after both 5 and 7 days of shelf life after removal from
cold storage.

Quality Attributes. Weight loss was calculated for each fruit as
follows: weight loss %= 100 x (Wo — W)/Wo, Wp being the initial
weight andW; the final weight of the fruits.

Tissue firmness was initially monitored nondestructively, with a low
mass impact Sinclair I1Q (Internal Quality) Firmness Tester (SIQ-FT
Systems International, LLC, Fresno, CA) and the data were processed
by proprietary software (Sinclair IQ version PIQ01-v2.18.01) to obtain
measures of fruit firmness indexed from 0 to 100 (arbitrary units),
defined as “Sinclair firmness index” (SFRE). The SFI was monitored
on each fruit, and the percentage loss relative to the initial values was
calculated. Fruit firmness was also measured on two opposite sides of - ] - -
each fruit with a Fruit Texture Analyzer (FTA). A 7.9-mm-diameter, of frozen tissue was homogenized in an Ultraturrax with 60 mL of

flat-tipped probe was used to perform compression tests at a speed ofUffér containing 50 mM sodium acetate and 109 BVPP, pH 5.5,
10 mm mim, and the maximum force during the test was recorded. |he homogenate was stirred 18 h at 4°C and centrifuged (100@0

Twenty-four measurements for each treatment and storage time were30 Min, 4°C). The supernatant was extensively dialyzed against water,
made. adjusted to pH 7.5 with 0.01 M NaOH, and used for assaying the
For soluble solids concentration (SSC) and titratable acidity (TA) enzyme activity £4). The activity was assayed in a mixture containing

measurements, a longitudinal wedge (from stem end to calyx end) wasﬁ'rgnr:(l)‘ﬂ?fgjﬁh\ive/ Virﬁ)%cggef?ﬁ%hrggtng gﬁpr;erm)iﬁggog?{glzo/g mL
removed from each fruit and pressed through cheesecloth. Juice from f y tic extract _'I_h mix? ; f/)v incub t’ z t°'GI’) nd tﬁ

eight fruits was pooled to form a composite sample. SSC of the juice or enzymalic extract. 1he ure was incubated a and the
was measured with a temperature-compensated refractometer (mode?bsorbance changes at 620 nm were measured. The enzymatic activity

ATC-1, Atago Co., Tokyo, Japan), and the TA was determined by was expre§s_ed as change .|n per kllogr-am per second. .
titration of fruit juice with 0.1 N NaOH to pH 8.2 according to an PAL activity was determined as follows: atidaig of frozen fruit
AOAC method p1). Triplicate measurements were made per treatment V&S homogenized in an Omnimixer at@ with 2 volumes of buffer

during 5 and 7 days of ripening after harvest or after removal from ©f the following composition: 0.1 M N#4O7-10H,0, 5 mM 2-mer-
cold storage. captoethanol, 2 mM EDTA, and 10 gtof PVPP, pH 8.8. The mixture

Each lot of fruits was divided into three eight-fruit sublots. A was stirred fo 1 h at 4°C and then centrifuged at 1009€r 20 min

wedged-shaped slice of mesocarp tissue (6 g) from every fruit in each at 4 oc.:' The enzymatic activity was measureq in the supe_rnatant
sublgt was rgmoved, pooled at thpe time o(f s%)mpling, fro);en in liquid according to the method reported by Zuck2g)( using the following
nitrogen, stored at-20 °C, and subsequently used for anthocyanin reaction mlxture. 003 M %407-;0H20, pH. 8.8, 0.01 M-
determinations. Fruit tissue was ground in an Ultraturrax (Kinematica, phenylalanlne,_and 2 mL of enz_ymatlc extract, in a total vqum_e of
GmbH, Switzerland) with 10 mL of HCI/methanol (1%, v/v) and held mL. The reaction mixture was |ncu_bateq at 30, a_nd the reaction

at 0°C for 10 min. The slurry was centrifuged at 150@r 10 min at was evalua_ted through t_he increase in optical density at 290 nm, caused
4°C, and the absorbance of the supernatant at 515 nm was measured?y._Production oftrans-cinnamic acid. For EGasg-gal, PME, and

Results were calculated usiag= 29600 and expressed as micromoles G, _three independent extracts per 1-MCP treatment e_md stqrage
of cyanidin 3-glucoside per kilogram of fresh weigBg) condition were prepared, and measurements were done in duplicate.

Ethylene and Respiration.Ethylene production and respiration rate For PAL, two independent extracts per 1-MCP treatment and storage

. . condition were prepared, and measurements were done in duplicate
were measured during 7 days for each treatment and storage regimeng - ch independent replication
Individual fruits were weighed and placed in a 0.705 L plastic container, istical Analvsis. Th ; tal desi domized
which was then sealed and held atZD and 90% relative humidity. Statistical Analysis. The experimental design was a ran omlze’
Carbon dioxide concentrations were measured with an infrared gas block, and data were analyzed by ANOVA, followed by Duncan’s

analyzer (Horiba PIR-2000R, Horiba Instruments Inc., Irvine, CA). multiple-range test at a significance level Bf = 0.05. Data in

Ethylene concentrations were determined using a gas Chrom‘,jtogralohoercentages were subjected to arcsine transformation prior to statistical
equipped with a packed alumina column operated at an isothermal Ovenanalysus. ANOVA was performed using the statistical software SPSS

temperature of 76C, and peak detection was with a flame ionization +4-0 (SPSS Inc., Chicago, IL).

detector (Carle AGC-211, EG&G Chandler Engineering, Tulsa, OK).

Ethylene results were expressed as microliters per kilogram per hour, RESULTS AND DISCUSSION

whereas respiration rates were expressed as milligrams efpe© ) . . )

kilogram per hour. Five independent measurements were made for each  Tissue Firmness and Activity of Cell Wall Degrading

storage time and treatment. Enzymes. Fruit firmness measured by a tissue failure test
Enzyme Extraction and Activity. Approximately 20 g of frozen decreased in control fruit during storage, and dips in the 1-MCP-

tissue was homogenized in an Ultraturrax (Kinematica) with 60 mL of generating liquid solution at both concentrations (0.1 and 1 mg

PG was measured in a mixture containing 4000f 50 mM sodium
acetate buffer, pH 5.0, 406L of 0.15% w/v polygalacturonic acid,
and 800uL of the enzyme extract. The mixture was incubated at
40°C, aliquots (20Q«L) were taken at regular intervals up to 8 h, and
the amount of galacturonic acid reducing ends generated was measured
according to the method of Gros83]. Results were expressed as
micromoles of galacturonic acid per kilogram per second.

EGase was assayed in a mixture containing400f 50 mM sodium
acetate buffer, pH 5.0, 400L of 0.2% w/v carboxymethylcellulose,
and 800uL of enzyme extract. The mixture was incubated at*@Q
and aliquots (20Q.L) were taken upd 8 h and assayed for reducing
sugars according to the method of Grog8)( Enzyme activity was
expressed as micromoles of glucose per kilogram per second.

p-Gal activity was assayed in a mixture containing 4Q00f 50
mM sodium acetate buffer, pH 5.0, 200 of 10 mM p-nitrophenyl-
p-p-galactopyranoside, and 4Q0. of enzyme extract. The reaction
mixture was incubated at 4, and aliquots (20@L) were taken at
different times and discharged into 6@Q. of 0.4 M N&COs. The
change of optical density at 400 nm was followed. Results were
expressed as micromoles pfitrophenol released per kilogram per
second.

For pectinmethylesterase (PME, EC 3.1.1.11), approximately 20 g
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Figure 1. Firmness of ‘Harrow Sun’ plums dipped in a 1-MCP-generating - ob
liquid solution at two different concentrations (0.1 or 1 mg L= 1-MCP) or . 8 b |
water (control). Fruit was ripened at 20 °C (I) or stored at 5 °C (ll) or 1 - ¢ -
0 °C (Ill) for 10 days and subsequently transferred to 20 °C: (A) tissue

firmness; (B) Sinclair firmness index (SFI) loss. Letters on each column 0-
show differences among treatments for a given storage time at a level of
significance of P = 0.05.

a
a
L~ 1-MCP) were effective in delaying softening under all of a — - = -
the storage regimendg=igure 1A). Firmness determinations 5001 1 - ab
using the low mass impact Sinclair Tester provided data —
consistent with those from the FTA, showing that both MCP
treatments reduced firmness loss under all storage treatments | | | | | |

(Figure 1B). Excessive softening is a major factor limiting plum
shelf life. Firmness loss in fruits has been associated with cell
wall modifications g6), caused by the action of several Storage regime
polysaccharide-degrading proteir&7). The dips for 5 min at  Figure 2. EGase, 5-gal, PG, and PME activities in ‘Harrow Sun’ plums
either concentration substantially reduced the activity of PG, dipped in a 1-MCP-generating liquid solution at two different concentrations
EGase, ang-gal (Figure 2). No differences in extracted PME (0.1 or 1 mg L1 1-MCP) or water (control) and then ripened at 20 °C or
activity were observed in the fruit stored directly atZDafter stored at 5 or 0 °C for 10 days and subsequently transferred to 20 °C.
harvest or maintained at 8C for 10 days and subsequently Letters on each column show differences among treatments for a given
transferred to 20C, but the MCP treatments of fruits that were  storage time at a level of significance of P = 0.05.
subsequently stored at® before transfer to 20C reduced
extractable PME activity significantly. Khan and Sing?8Y at 0 °C for 10 days and subsequently transferred to°20
reported that 1-MCP significantly suppressed fruit-softening (Figure 3A). However, when the fruits were stored at®, an
enzymes in plum fruit, including PME, EGase, exo-PG, and increase in TA was detected in the control fruit. This could be
endo-PG. Previous studies have reported that gassing the fruitpartly due to Cl damage in the nontreated tissues. No differences
with the commercially available formulation of 1-MCP controls in SSC content between control and 1-MCP-treated plum were
plum softening {5, 28, 29), demonstrating 1-MCP’s value as observed Figure 3B). Finally, fruit weight loss was clearly
an effective tool in maintaining quality and extending the reduced in the 1-MCP-treated fruiEigure 3C). Overall, the
postharverst life in plums. The data show that the simpler mode data show that the immersion treatments might be sufficient to
of application, that is, dipping the fruit in solutions of the control plum fruit ripening.
formulation AFXRD-038, is also effective in delaying plum fruit Ethylene Production and Respiration Rate. Ethylene
softening. production and responses in plums depend on the cultivar
Soluble Solids Content, Titratable Acidity, and Weight considered. Abdi et al3( 4) reported that some cultivars show
Loss. Sugar and acid contents are two major determinants of a typical climacteric behavior, whereas others are considered
flavor characteristics in many fruits, including plums. TA was to have a suppressed climacteric phenotype. For ‘Harrow Sun’
higher in 1-MCP-treated plum fruit stored directly at 2D or plums, control fruit stored at 20C without refrigeration showed

PG (umol Kg"' s™)

002 4

PME (AODws Kg™' s™)

Sd20rC 10d 5°C+5 d 20°C 104 0°C+5 d 20°C
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Figure 3. Titratable acidity, soluble solids content (SSC), and weight loss Figure 4. Ethylene production in ‘Harrow Sun’ plums dipped in a 1-MCP-
in ‘Harrow Sun’ plums dipped in a 1-MCP-generating liquid solution at generating liquid solution at two different concentrations (0.1 or 1 mg L1
two different concentrations (0.1 or 1 mg L~* 1-MCP) or water (control) 1-MCP) or water (control): during ripening at 20 °C after (A) harvest, (B)
and then ripened at 20 °C (1) or stored at 5 °C (Il) or 0 °C (lll) for 10 a 10-day cold storage at 5 °C, or (C) a 10-day cold storage at 0 °C.
days and subsequently transferred to 20 °C. Letters on each column Error bars are shown.
show differences among treatments for a given storage time at a level of . i i
significance of P = 0.05. fruit as stor_age time at 2TC progressedrﬁgu_re 6), and plgment
accumulation was clearly exacerbated in the fruit stored at
a peak of ethylene production after 4 daysiglre 4A). 5 °C and subsequently transferred to ZD. The intense flesh

Interestingly, when the fruit was stored at 0 ofG and then reddening and pigment accumulation observed in the control
transferred to 20C, ethylene production increased, but did not fruit stored at 5°C did not occur in 1-MCP-treated fruiE{gure
peak, as storage time progresseayre 4B,C), showing that 7), showing that this is an ethylene-dependent disorder. In
the ethylene production pattern of ‘Harrow Sun’ plums is highly addition, the control fruit also showed increased PAL, which
dependent on the fruits’ thermal history. Under all of the storage catalyzes the first step of anthocyanin biosyntheSigure 8).
regimens analyzed in this work ethylene production was clearly Treatment of strawberry fruit with 1-MCP has been reported to
reduced in the 1-MCP-dipped fruiFigure 4), and no differ- cause a reduction in PAL activity and the normal ripening-
ences between the two applied 1-MCP concentrations wereassociated increases in fruit anthocyanin contafy. (Taking
observed. 1-MCP-treated fruit also displayed decreased fruitinto account that flesh reddening is regarded as a Cl symptom
respiration rateKigure 5), with both inhibitor dosages having in stone-fruits 2, 7), results of the present study suggest that
equal effectiveness. These results also confirm that the dips usingl-MCP dips could be a promising strategy to prevent or reduce
the new 1-MCP-generating formulation were effective in the occurrence of flesh discoloration during transportation and
controlling plum fruit ripening. storage.

Incidence of Flesh Reddening, Anthocyanin Accumulation, Several studies have shown that exposure of fruits to gaseous
and PAL Activity. Ethylene has been demonstrated to be 1-MCP can be a useful tool for fruit handlers to maintain quality
involved in the development of Cl symptoms in different and extend the postharvest life of several plum varieties,
commodities 9, 10). The hormone seems to be involved in the delaying softening while not causing unfavorable effects on fruit
process in some, but not all, cases. In p&&),(avocado 11), quality. The results of the present work show that dipping the
and pineapplel2), Cl-associated disorders have been reduced fruits in a water solution of the new 1-MCP-generating
by 1-MCP treatments. The nature of the Cl syndrome in plums formulation (Rohm & Haas) is effective in counteracting
has not been studied in detail. The disorder is usually manifestedethylene responses and extending the postharvest life of plums
as internal browning, gel breakdown, and/or flesh reddening and eliminates the need for a closed system for treating the fruit.
(8). In the present work anthocyanin content increased in control This mode of application could make 1-MCP a much more
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1-MCP) or water (control) during ripening at 20 °C after (A) harvest, (B)
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J:h_‘ *a r“| |—iﬂ “D required to modulate the chemical effects on the postharvest
0.0 - : lives of fruits should be determined to increase the utility of
3 7 3 7 5 7 this kind of application.
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Figure 6. Anthocyanin content in ‘Harrow Sun’ plums dipped in 1-MCP-
generating liquid solution at two different concentrations (0.1 or 1 mg L1 We thank David Garner for laboratory assistance.

1-MCP) or water (control) during ripening at 20 °C (I) or stored at 5 °C
(1) or 0 °C (Il) for 10 days and subsequently transferred to 20 °C for
ripening. Letters on each column show differences between treatments
for a given storage time at a level of significance of P = 0.05. (1) Crisosto, C. H.; Mitchell, F. G.; Ju, Z. G. Susceptibility to chilling

injury of peach, nectarine, and plum cultivars grown in Cali-

. . fornia. HortSciencel999 34, 1116-1118.
versatile tool for postharvest management of fruits. Future () crisosto, C. H.; Garner, D.: Crisosto, G. M.; Bowerman, E.

experiments on a range of fleshy fruits, particularly those Increasing ‘Blackamber’ plumPfunus salicinaLindell) con-
harvested at an advanced maturity stage when the most desirable sumer acceptanc®osthavest Biol. Technol2004 34, 237—
organoleptic attributes have already developed on the tree, 244,

LITERATURE CITED



F PAGE EST: 5.7

(3) Abdi, N.; Holford, P.; McGlasson, W. B.; Mizrahi, Y. Ripening

behaviour and responses to propylene in four cultivars of

Japanese type plumBosthawvest Biol. Technol1997, 12, 21—

34.

Abdi, N.; McGlasson, W. B.; Holford, P.; Williams, M.; Mizrahi,

Y. Responses of climacteric and suppressed-climacteric plums

to treatment with propylene and 1-methylcyclopropeRest-

harvest Biol. Technol1998 14, 29—39.

Thompson, J. Pre-cooling and storage facilitiesThe Com-

mercial Storage of Fruits, Vegetables, and Florist and Nursery

Stocks Agriculture Handbook 66; USDA: Washington, DC,

2004; available at http://usna.usda.gov/hb66/011precooling.pdf.

Brummell, D. A,; Dal Cin, V.; Lurie, S.; Crisosto, C. H.;

Labavitch, J. M. Cell wall metabolism during the development

of chilling injury in cold-stored peach fruit: association of

mealiness with arrested disassembly of cell wall pecfinExp.

Bot. 2004 55, 2041-2052.

(7) Lurie, S.; Crisosto, C. H. Chilling injury in peach and nectarine.
Posthavest Biol. Technol2005 37, 195-208.

(8) Taylor, M. E.; Jacobs, G.; Rabe, E.; Dodd, M. C. Physiological
factors associated with over-ripeness, internal breakdown and
gel breakdown in plums stored at two temperatudegiortic.

Sci. 1993 68, 825-830.

(9) Wang, C. Y. Approaches to reduce chilling injury of fruits and
vegetablesHortic. Rev. 1993 15, 63—95.

(10) Ben-Amor, M.; Flores, B.; Latché\.; Bouzayen, M.; Pech, J.
C.; Fomojaro, F. Inhibition of ethylene biosynthesis by antisense
ACC oxidase RNA prevents chilling injury in Charentais
cantaloupe melon$lant Cell Environ. 1999 22, 1579-1586.

(11) Pesis, E.; Ackerman, M.; Ben-Arie, R.; Feygenberg, O.; Feng,
X.; Apelbaum, A.; Goren, R.; Prusky, D. Ethylene involvement
in chilling injury symptoms of avocado during cold storage.
Posthavest Biol. Technol2002 24, 171-181.

(12) Selvarajah, S.; Bauchot, A. D.; John, P. Internal browning in

4)

®)

6

~

cold-stored pineapples is suppressed by a postharvest application (29) Menniti,

of 1-methylcyclopropene?ostharest Biol. Technol2001, 23,
167—-170.

(13) Watkins, C. B. The use of 1-methylcyclopropene (1-MCP) on
fruits and vegetablesBiotechnol. Ad. 2006 24, 389-409.

(14) Blankenship, S. M.; Dole, J. M. 1-Methylcyclopropene: a review.
Posthavest Biol. Technol2003 28, 1-25.

(15) Martinez-Romero, D.; Dupille, E.; Guillen, F.; Valverde, J. M.;
Serrano, M.; Valero, D. 1-Methylcyclopropene increases storabil-
ity and shelf life in climacteric and nonclimacteric plunis.
Agric. Food Chem2003 51, 4680-4686.

(16) Salvador, A.; Cuquerella, J.; Martinez-Javega, J. M. 1-MCP
treatment prolongs postharvest life of ‘Santa Rosa’ pludns.
Food Sci.2003 68, 1504-1510.

(17) Valero, D.; Martinez-Romero, D.; Valverde, J. M.; GuilJé.;
Serrano, M. Quality improvement and extension of shelf life by
1-methylcyclopropene in plum as affected by ripening stage at

Manganaris et al.

harvestinnovative Food Sci. Emerg. Technd003 4, 339—
348.

(18) Sisler, E. C.; Serek, M. Compounds interacting with ethylene
receptors in plantsPlant Biol. 2003 5, 473-480.

(19) Sisler, E. C. The discovery and development of compounds
counteracting ethylene at the receptor le\®&btechnol. Ad.
2006 4, 357-367.

(20) De Ketelaere, B.; Howarth, M. S.; Crezee, L.; Lammertyn, J.;
Viaene, K.; Bulens, I.; De Baerdemaeker, J. Postharvest firmness
changes as measured by acoustic and low-mass impact devices:
a comparison of techniqueBosthavest Biol. Technol2006
41, 275-284.

(21) AOAC. Methods of Analysjsl3th ed.; Association of Official
Analytical Chemists: Washington, DC, 1980.

(22) Mozetic B.; Treb®, P.; Janez Hribar, J. Anthocyanins and
hydroxycinnamic acids in sweet cherri¢2od Technol. Bio-
technol.2002 207—-212.

(23) Gross, K. C. A rapid and sensitive spectrophotometric method
for assaying polygalacturonase using 2-cyanoacetarridd-
Sciencel982 17, 933-934.

(24) Hagerman, A. E.; Austin, P. J. Continuous spectrophotometric
assay for plant pectin methyl esterade.Agric. Food Chem.
1986 34, 440-444.

(25) Zucker, M. Induction of phenylalanine deaminase by light and
its relation to chlorogenic synthesis in potato tuber tisfli@nt
Physiol. 1965 40, 779-785.

(26) Brummell, D. A. Cell wall disassembly in ripening fruiunct.
Plant Biol. 2006 33, 103-119.

(27) Fisher, R. L.; Bennett, A. B. Role of cell-wall hydrolases in fruit
ripening.Annu. Re. Plant Physiol. Plant Mol. Biol1991, 42,
675-703.

(28) Khan, A. S.; Singh, Z. 1-MCP regulates ethylene biosynthesis
and fruit softening during ripening of ‘Tegan Blue’ plum.
Postharest Biol. Technol2007, 43, 298—-306.

A. M.; Gregori, R.; Donati, . 1-Methylcyclopropene
retards postharvest softening of plurRssthavest Biol. Technol.
2004 31, 269-275.

(30) Calvo, G.; Sozzi, G. O. Improvement of postharvest storage
quality of 'Red Clapp’s’ pears by treatment with 1-methylcy-
clopropene at low temperatur&.Hortic. Sci. BiotechnoR004
79, 930-934.

(31) Jiang, Y. M.; Joyce, D. C.; Terry, L. A. 1-Methylcyclopropene
treatment affects strawberry fruit decalPosthavest Biol.
Technol.2001, 23, 227-232.

Received for review April 12, 2007. Revised manuscript received June
19, 2007. Accepted June 21, 2007. This research was partially supported
by a University of California Discovery Grant jointly funded by the
California Tree Fruit Agreement and the Industry —University Coop-
erative Research Program.

JF071065P



