
 

Journal of Horticultural Research 2023, vol. 31(1): 71–80 

DOI: 10.2478/johr-2023-0004 

_______________________________________________________________________________________________________ 
© The Author(s) 2023. This article is distributed under the terms of the Creative Commons Attribution 4.0 International License (http://creativecommons.org/licenses/by/4.0/). 
 

*Corresponding author 

e-mail: maria.grzegorzewska@inhort.pl 

THE STORAGE ABILITY OF BROCCOLI 

AFTER 1-METHYLCYCLOPROPENE TREATMENT 
 

Maria GRZEGORZEWSKA*, Ewa BADEŁEK, Anna CIECIERSKA, 

Karol FABISZEWSKI, Krzysztof P. RUTKOWSKI 

National Institute of Horticulture Research, Konstytucji 3 Maja 1/3, 96-100 Skierniewice, Poland 

Received: March 2023; Accepted: May 2023 

 

 

ABSTRACT 

The study evaluated the effect of 1-methylcyclopropene (1-MCP) treatment on broccoli quality and 

storage ability. Broccoli ‘Parthenon’ was treated the day after harvest with 1.0 or 3.0 cm3·m-3 1-MCP. 

The treatment was performed at 5 °C for 20 h, and then the plant material was stored at 0-1 °C for 30 or 

60 d. After 30 d of refrigerated storage, broccoli was transferred to conditions simulating retail (15 °C) 

for 6 d. During 30 d of storage, the broccoli crowns maintained excellent quality. The fleshy stalks were 

slightly inferior due to the darkening of the leaf scar areas. After 60 d, there was a marked reduction in 

broccoli quality. Still, the positive effect of 1-MCP treatment on broccoli was observed as inhibiting the 

senescence of the remaining petiole fragments. During shelf life after 30 days of cold storage, broccoli 

treated with 1-MCP retained better quality of the crowns and fleshy stems, evident after six days of shelf 

life evaluation. The study did not find that 1-MCP treatment inhibited the respiration rate of broccoli, or 

ethylene production. 
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INTRODUCTION 

 

The main commercial attributes of broccoli 

(Brassica oleracea L. var. italica) are green color 

and compactness of the flowering head. Softening 

and discoloration occur quickly after harvest, dur-

ing storage at high temperatures such as 20 °C. Se-

nescence symptoms result from chlorophyll break-

down (Gong & Mattheis 2003). At low tempera-

tures (0 °C), the deterioration is delayed, and stor-

age life is extended (Page et al. 2001). A decline in 

quality at low temperatures is generally limited by 

rotting and loss of compactness of the heads. Dis-

coloration of stem scars also occurs during storage. 

These scars are formed where the leaves are cut off 

from the fleshy stem. During storage, these scars 

discolor, lowering the appearance of the shoot 

(DeEll et al. 2001). The storage length of broccoli 

was determined by Cantwell and Suslow (1997) to 

be 21–28 d at 0 °C, 14 d at 5 °C, and 5 d at 10 °C. 

Ethylene, both endogenous and exogenous, affects 

the loss of chlorophyll and, thus, the yellowing 

and aging of broccoli (Tian et al. 1994; Cantwell 

and Suslow 1997; Suzuki et al. 2004). Postharvest 

broccoli treatment with 1-methylcyclopropene 

(1-MCP) has been shown to reduce respiration and 

ethylene production, delaying greening reduction 

and broccoli senescence (Fan & Mattheis 2000). 

1-methylcyclopropene (1-MCP) reduces enzyme 

activity responsible for ethylene synthesis and the 

expression of the enzymes’ genes (Ma et al. 2009). 

According to Wills et al. (1999), reducing eth-

ylene concentration from 0.1 to ˂0.005 cm3·m-3 at 

least doubled the shelf life of broccoli at 20 and 

5 °C. The authors suggested that the threshold 

level of ethylene action on non-climacteric hor-

ticulture produce is below 0.005 cm3·m-3. The 

effective concentration of 1-MCP for broccoli is 

0.1–10 cm3·m-3 (Yuan et al. 2010). Broccoli 

branchlets after treatment with 1-MCP at the dose 
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of 1.0 cm3·m-3 for 14 h at 20 °C showed delaying 

of yellowing during shelf life at 20 °C in dark con-

ditions (Gong & Mattheis 2003). Ku and Wills 

(1999), comparing the effects of different doses of 

1-MCP (0.02–50 cm3·m-3) and treatment times (2–

6 h), found that the higher the concentration and 

longer the time, the greater the storage ability of 

broccoli heads was. Treatment with 2.5 cm3·m-3 for 

six h at 20 °C) extended shelf life at 20 °C from 2.5 

to 5 d. In addition to delaying postharvest deterio-

ration and chlorophyll degradation, the treatment 

inhibited the degradation of carotenoids, ascorbic 

acid, and glucosinolates during storage (Yuan et al. 

2010). Xu et al. (2016) confirmed that the above 

treatment improves the shelf life of broccoli florets 

at 15 °C due to the maintenance of higher levels of 

chlorophyll and sugars. Zsom et al. (2020) recom-

mended a low concentration of 1-MCP 

(0.625 cm3·m-3) for 24-h treatment. This treat-

ment protects against the negative effects of eth-

ylene applied at a concentration of 2.0 cm3·m-3 for 

9 days at 5 °C. Broccoli florets stored at 10 °C after 

treatment with 1-MCP at 12 cm3·m-3, for 16 h, at 

20 °C showed a 20% longer shelf life than untreated 

florets (Able et al. 2002). Also, in a study by Forney 

et al. (2003), treatment with 1.0 cm3·m-3 for 14 h at 

10 °C delayed yellowing, and during 5 d of storage 

at 10 °C, treated florets maintained their green color, 

while untreated ones turned yellow. The storage 

period at 5 °C increased by 5–7 d of treated broc-

coli, and the percentage of commercial heads rose 

from 0 to 72–100 during simulated retail display 

(7 °C) for up to 2 weeks (Ekman et al. 2019). 

Wichrowska et al. (2021) confirmed that this treat-

ment affects the maintenance of color and firmness 

during storage at 4 °C. However, the authors hy-

pothesized that the response depends on the culti-

var, and not all tend to store better after 1-MCP 

treatment. 

There are a lot of reports on the postharvest 

treatment of broccoli with 1-MCP, which is usually 

applied at relatively high temperatures, and broc-

coli stored for a short time at high temperatures as 

well. This study aimed to test the effect of treating 

cooled broccoli with 1-MCP at 5 °C for 20 h and 

then storing them at 0–1 °C. The idea was to cool 

the broccoli as soon as possible after harvest, treat 

them with low temperature, and keep them under 

optimal conditions (0–1 °C and 98–100% relative 

humidity). 

 

MATERIALS AND METHODS 

 

Plant material 

Broccoli ‘Parthenon F1’ grown for the autumn har-

vest, was purchased from a horticultural farm lo-

cated about 50 km from Skierniewice. Immedi-

ately after transporting the plant material to the la-

boratory, the leaves were cut off, and the stalk was 

trimmed so that the length of the broccoli was 18–

20 cm. Next, the broccoli was chilled overnight 

(about 16 h) to 5 °C. The experiments were con-

ducted in two storage seasons. 

1-MCP treatment 

The heads were divided into three lots, arranged in 

U-boxes, and treated with 1-MCP at the concentra-

tions of 1.0 and 3.0 cm3·m-3. The control heads 

were not treated with 1-MCP. The treatment was 

conducted out inside gas-tight containers for 20 

hours at 5 °C. The agent SmartFresh™ 0.14 (active 

substance: 1-MCP), obtained from AgroFresh Po-

land, was used in the research. 

Storage investigation 

After treatment, the broccoli heads were removed 

from the containers and placed in U-boxes lined 

with 0.03 mm thick polyethylene (PE) film. 44 

broccoli heads from each treatment were arranged 

in 4 boxes (11 items in one box). Broccoli was 

stored at 0–1 °C for 30 d (one set of broccoli) and 

60 d (second set). Broccoli heads in boxes were cov-

ered with PE film to keep the humidity in the imme-

diate area at 98–100%. After refrigerated storage for 

30 d, broccoli with no signs of rotting or significant 

reduction in quality was further stored under condi-

tions simulating retail, i.e., at 15 °C, for 6 days. 

Ethylene (C2H4) and carbon dioxide (CO2) meas-

urement 

After 30 d of storage at 0–1 °C, in each season, two 

good quality broccoli heads without signs of yellow-

ing and rotting from each treatment were placed at 5 

and 10 °C. After one day of acclimatization, the first 



The 1-MCP treatment of broccoli................................................................................................................................................73 
____________________________________________________________________________________________________________________ 

 

measurements were taken, and the next were taken 

after 3 and 6 d. On the day of the measures, the 

broccolis were placed in airtight containers with 

a capacity of 22 dm3 for two hours. After this time, 

1.0 cm3 of gas was taken from the containers using 

an insulin syringe to measure ethylene concentra-

tion. The measurement was performed using gas 

chromatograph Hewlett Packard 5890 II (Hewlett 

Packard, Palo Alto, CA, USA). The reading was 

calculated and expressed in mm3 per kg per h. The 

CO2 concentration was measured using O2 and 

CO2 analyzer Check Mate II O2 (Zr) CO2-100% 

w/Printer (PBI-Dansensor A/S, Denmark). The re-

sults were expressed in cm3 per kg per h. 

Visual quality evaluation  

After 30 and 60 days of cold storage, a visual eval-

uation of the broccoli was carried out. During stor-

age under retail conditions (15 °C), the broccolis 

were subjected to the visual evaluation every two 

days for 6 days. The following features concerning 

the broccoli crown were evaluated: discolora-

tion/yellowing, rotting, compactness, opening of 

flower buds, and overall appearance. The quality 

of the fleshy stalk was evaluated separately. All 

evaluations were scored on a scale of 1–10: 

- discoloration/yellowing: 10 – dark green; 8 – light 

green; 5 – yellowish-green; 3 – greenish-yellow; 

1 – yellow; 

- rotting: 10 – no symptoms; 8 – very minor (1 or 

2 very small spots); 5 – small spots but clearly 

visible; 3 – medium rotting; 1 – completely rotten; 

- compactness: 10 – very compact; 8 – very light 

loss of compactness; 5 – clearly noticeable loss of 

compactness; 3 – loose head; 1 – very loose head; 

- flower buds opening: 10 – all buds closed; 8 – to 

20% bubs open; 5 – to 50% buds open; 3 – to 70% 

buds open; 1 – 90–100% buds open; 

- overall appearance for a head: 10 – excellent 

(broccoli as freshly harvested); 8 – good; 5 – fair 

(threshold of commercial suitability); 3 – faulty; 

1 – very bad; 

- overall appearance for fleshy stalk: 10 – excellent 

(broccoli as freshly harvested); 8 – good; 5 – fair 

(clearly visible senescence of the petiole scars); 

3 – severe senescence; 1 – very severe senescence. 

Weight loss 

Weight loss of cold stored broccoli was calculated 

as the difference between the initial weight (storage 

time – 0 d) and the weight after 30 or 60 d storage 

time. Weight loss measured during retail storage 

was calculated relative to the weight of broccoli on 

the day when they were moved to 15 °C. The results 

were expressed in percentages.  

Statistical analysis 

The results were statistically analyzed using a one-

factor analysis of variance, treating 1-MCP concen-

tration as the only variable in the model. Because 

results from single seasons were not significant, this 

factor was annulled, and all means from two seasons 

(88 for quality parameters after storage at 0–1 °C, 30 

for quality parameters during shelf life, and 4 for 

ethylene and carbon dioxide concentration) were 

analyzed. The obtained averages were compared us-

ing the Tukey test at p = 0.05. The calculations were 

done independently for each storage time in the sta-

tistical package STATISTICA 13 (Dell 2016). 

 

RESULTS AND DISCUSSION 

 

According to storage recommendations (Cant-

well & Suslow 1997; Pogson & Morris 1997; Toivo-

nen & Forney 2016), the broccoli was placed in 

a cold chamber and cooled overnight at 5 °C immedi-

ately after harvest. The 1-MCP treatment was applied 

at the earliest possible time, i.e., on the second day 

after harvest (as suggested by Able et al. 2002). 

Weight losses after 30 d at 0–1 °C were small and 

ranged from 0.66–0.73% (0.66% – control, 0.73% – 

1.0 cm3·m-3 1-MCP, and 0.67–3.0 cm3·m-3 1-MCP). 

During the next 30 d, the losses increased slightly, re-

spectively: 1.08% for control, 1.01% for broccoli 

treated with 1.0 cm3·m-3 1-MCP, and 1.04% – 

3.0 cm3·m-3 1-MCP. Low weight loss was indicative 

of the lack of wilting and maintenance of good com-

pactness of the heads. As in the study of Ekman et al. 

(2019), no significant differences in weight loss were 

found between 1-MCP treated and untreated broccoli. 
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After 30 d of storage, broccoli crowns, both 

treated and untreated, represented excellent visual 

quality. They retained deep green color and good 

compactness, and only very small black spots were 

noted on a few crowns (Table 1). In the study by 

Pogson and Morris (1997), broccoli also maintained 

perfect color during 35 d at 1 °C and showed only 

a slight loss of chlorophyll. In contrast, Sabir (2012) 

found slight crown yellowing after 28 d at 0 °C. 

Treatment with 1-MCP did not affect quality param-

eters. In the presented study, no bud opening was 

observed at all. The fleshy stem was more deterio-

rated than the crown due to the darkening of the 

scarred surface when the leaves were cut off. This 

darkening negatively affected the appearance of the 

broccoli and reduced its commercial value (Table 1). 

However, the suitability for consumption was still 

high, as the stem, after peeling, presented well. 

A practical solution to avoid this problem is to leave 

2–5 cm stumps of petioles on the stem for cold stor-

age. The stumps would be trimmed at the stem only 

when preparing the material for trade, making the 

new cut areas fresh and green. 

By extending the storage period by another 

30 d, the quality of broccoli deteriorated. The most 

instant contributor to this was rotting (Table 2). 

A slight loosening of the crowns and the begin-

nings of their yellowing also contributed to the de-

cline in quality. Makhlouf et al. (1989) noted se-

vere rotting and unpleasant odours after six weeks 

of broccoli storage at 1 °C. In contrast, Pogson and 

Morris (1997), after 70 d at 1 °C, found a signifi-

cant loss of chlorophyll (25%) and signs of head 

yellowing. In the presented study, the untreated 

broccoli significantly softened and yellowed more 

than those treated with 1-MCP. In the quality of the 

crowns, there was a trend toward higher rating for 

broccoli treated with 1-MCP. In the case of the 

stems, those treated with 1-MCP maintained a sig-

nificantly better appearance. In addition to the 

stronger darkening of the surface of the scars, the 

bases of the petioles remaining on stems showed 

signs of flesh yellowing and senescence (Table 2). 

For 60 days at 0–1 °C, broccoli, both treated and 

untreated with 1-MCP, on average, still maintained 

the quality above a threshold of commercial suita-

bility. It should be considered that this was possible 

due to the use of a low storage temperature of 0–

1 °C. Treatment with 1-MCP had only a minor ef-

fect on the storage ability of broccoli (Table 2). 

Also, according to Able et al. (2002), storage tem-

perature can extend the shelf life of broccoli to 

a great extent, and this effect is much more signif-

icant than that induced by 1-MCP treatment. 

 
Table 1. The quality of broccoli ‘Parthenon’ after 30 d of storage at 0–1 °C 
 

Concentration 

of 1-MCP 

(cm3·m-3) 

Discoloration/yellowing 

of crown 

Compactness 

of crown 
Rotting 

Overall quality 

of crown 

Overall quality 

of shoot 

0.0 

1.0 

3.0 

10.0±0.1 a 

10.0±0.0 a 

10.0±0.0 a 

9.6±0.4 a 

9.6±0.5 a 

9.7±0.4 a 

9.8±0.6 a 

9.9±0.7 a 

9.9±0.4 a 

8.8±0.6 a 

8.9±0.7 a 

8.9±0.4 a 

7.0±0.0 a 

7.0±0.0 a 

7.0±0.0 a 

Values are means of 88 samples ± standard deviation (SD). The differences between means in columns indicated by the same 

letter do not differ significantly (p<0.05, Tukey test); 

Scoring scales of broccoli crown: discoloration/yellowing: 10 – dark green, 8 – light green, 5 – yellowish-green, 3 – greenish-

yellow, 1 – yellow; compactness: 10 – very compact, 8 – very light loss of compactness, 5 – clearly noticeable loss of compact-

ness, 3 – loose head, 1 – very loose head; rotting: 10 – no symptoms, 8 – very minor (1 or 2 very small spots), 5 – small spots 

but clearly visible, 3 – medium rotting, 1 – completely rotten; overall appearance: 10 – excellent (as freshly harvested), 8 – 

good, 5 – fair (threshold of commercial suitability), 3 – faulty; 1 – very bad; 

Scored scale of overall appearance for fleshy stalk: 10 – excellent (as freshly harvested), 8 – good, 5 – fair (clearly visible 

senescence of the petiole scars), 3 – severe senescence, 1 – very severe senescence. 
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Table 2. The quality of broccoli ‘Parthenon’ after 60 d of storage at 0–1 °C 

 

Concentration 

of 1-MCP 

(cm3·m-3) 

Discoloration/yellowing 
Compactness 

of crown 
Rotting 

Overall quality 

of crown 

Overall quality 

of shoot 

0.0 

1.0 

3.0 

9.4±0.9 b 

9.9±0.4 a 

9.9±0.3 a 

9.0±0.5 b 

9.3±0.5 a 

9.4±0.5 a 

7.9±2.2 a 

8.2±2.0 a 

8.0±2.2 a 

6.5±2.5 a 

7.0±2.2 a 

6.8±2.3 a 

5.0±0.1 b 

6.0±0.1 a 

6.0±0.0 a 

Values are means of 88 samples ± standard deviation (SD). The differences between means in columns indicated by the 

same letter do not differ significantly (p<0.05, Tukey test) 

Scored scales – see under Table 1. 

 

Under retail conditions, which occurred after 

30 d of refrigerated storage, weight loss increased 

quite rapidly, despite the heads being covered 

with PE film. After two days, losses were 0.25% 

for all objects, 4 d from 0.60 to 0.64%, and 6 d 

from 1.04 to 1.09%. No significant differences 

were found between broccoli treated with 1-MCP 

and untreated. For two days, the heads continued 

to look very good, their color remained un-

changed, and only a slight decrease in compact-

ness and very little rotting was observed. 

A slightly worse appearance presented in the 

stems due to the darkening of the scar areas of 

the leaves, which was already visible after re-

frigerated storage. After another two days, the 

crowns were found to be slightly discolored, 

compactness decreased somewhat, and rotting 

increased significantly. The quality of the 

crowns reached a fairly good level, but the 

shoots were only satisfactory. 

The bases of the trimmed leaves on the con-

trol broccoli shoots showed deepened signs of 

yellowing and even abscission from the shoot. 

The appearance of the control shoots was signif-

icantly worse than those treated with 1-MCP. 

During the next two days, the crowns of the broc-

coli turned intensely yellow, but this process was 

particularly fast in the untreated objects (Table 3–

6). In treated objects, yellowing also occurred but 

at a much slower rate, and there was a trend that 

yellowing was slowest in broccoli treated with 

3.0 cm3·m-3 1-MCP. This is partially consistent 

with the findings of Yuan et al. (2010) that sig-

nificant differences in color and visual quality 

were noted after 1 day at 20 °C following refrig-

erated storage. In the current study, the crowns 

loosening and rotting proceeded similarly in both 

treated and untreated broccoli (Table 4–5). Also, 

according to Ekman et al. (2019), the effect of 

treatment on the development of rotting is small, 

and no differences in weight loss are found be-

tween treated and untreated broccoli.  

The overall quality of the crowns was ex-

cellent after 2 d at 15 °C, but in the following 

days it decreased very fast. After 4 d, they 

reached quality close to good, but after 6 days, 

only broccoli treated with 3.0 cm3·m-3 1-MCP 

was rated slightly above commercial suitability 

(Table 6). Generally, the fast yellowing and qual-

ity decreasing during shelf life are in line with 

the findings of Tian et al. (1994), which also 

claimed that in high temperatures, broccoli flo-

rets senesce rapidly, which is typical for crops 

harvested before a full mature stage.  

After six days, both crowns and shoots 

looked worst in the untreated broccoli (Table 6). 

An opposite conclusion was reached by Fernan-

dez-Leon et al. (2013). In their study, 1-MCP 
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had the effect of maintaining better color in broc-

coli, but only during refrigerated storage at 1–2 °C, 

up to 27 d. The authors claimed that using 1-MCP 

reduced the loss of chlorophyll pigments, but only 

during cold storage; during shelf life at 20 °C, yel-

lowing developed faster on treated than on control 

broccoli. It seems that the response of broccoli to 

1-MCP may still depend on many factors such as 

cultivar, maturity stage, application method, and 

the length of time between harvest and treatment, 

as previously reported by Watkins (2006, 2008). In 

contrast, Ma et al. (2010) confirmed that the yel-

lowing process is suppressed by the treatment with 

5.0 cm3·m-3 1-MCP at 20 °C. 

 

 
Table 3. Yellowing of broccoli crown during storage at 15 °C after 30 d of cold storage at 0–1 °C 
 

Concentration of 1-MCP 

(cm3·m-3) 

Shelf life time (d) 

2 4 6 

0.0 

1.0 

3.0 

10.0±0.0 a 

10.0±0.0 a 

10.0±0.0 a 

8.9±1.2 a 

8.9±1.2 a 

9.4±0.8 a 

5.1±1.0 b 

6.8±2.1 a 

7.4±1.3 a 

Values are means of 30 samples ± standard deviation (SD). The differences between means in columns indicated by the 

same letter do not differ significantly (p<0.05, Tukey test) 

Scored scale – see under Table 1 

 

 
Table 4. Compactness of broccoli crown during storage at 15 °C after 30 d of cold storage at 0–1 °C 
 

Concentration of 1-MCP 

(cm3·m-3) 

Shelf life time (d) 

2 4 6 

0.0 

1.0 

3.0 

9.5±0.3 a 

9.4±0.3 a 

9.5±0.3 a 

9.2±0.4 a 

9.1±0.3 a 

9.3±0.4 a 

8.5±0.5 a 

8.4±0.5 a 

8.7±0.5 a 

Values are means of 30 samples ± standard deviation (SD). The differences between means in columns indicated by the 

same letter do not differ significantly (p<0.05, Tukey test) 

Scored scales – see under Table 1 

 

 

Table 5. Rotting of broccoli crown during storage at 15 °C after 30 d of cold storage at 0–1 °C 

Concentration of 1-MCP 

(cm3·m-3) 

Shelf life time 

(d) 

2 4 6 

0.0 

1.0 

3.0 

9.6±1.1 a 

9.6±0.9 a 

10.0±0.0 a 

8.5±1.9 a 

8.6±1.7 a 

9.1±1.2 a 

7.9±2.3 a 

7.5±2.3 a 

8.3±2.0 a 

Values are means of 30 samples ± standard deviation (SD). The differences between means in columns indicated by the 

same letter do not differ significantly (p<0.05, Tukey test) 

Scored scales – see under Table 1 
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Table 6. Overall quality of broccoli crown and fleshy stem during storage at 15 °C after 30 d of cold storage at 0–1 °C 
 

Concentration 

of 1-MCP 

(cm3·m-3) 

Crown Fleshy stem 

2 d 4 d 6 d 2 d 4 d 6 d 

0.0 

1.0 

3.0 

8.9±0.9 a 

9.0±2.3 a 

9.3±0.3 a 

7.2±1.6 a 

7.2±0.8 a 

7.7±1.5 a 

3.2±1.6 b 

4.4±1.9 ab 

5.7±2.2 a 

6.5±0.5 a 

6.5±2.7 a 

6.5±0.5 a 

5.5±0.5 b 

6.0 ±0.5 a 

6.0±0.0 a 

3.3± 0.3 c 

3.8± 0.0 b 

4.3± 0.3 a 

Values are means of 30 samples ± standard deviation (SD). The differences between means in columns indicated by the 

same letter do not differ significantly (p<0.05, Tukey test); Scored scales – see under Table 1 

 

The intensity of broccoli respiration is expressed 

as the amount of CO2 released. It was significantly 

higher in broccoli transferred after refrigerated stor-

age to 10 °C than those transferred to 5 °C (Fig. 1). 

The same relationship was found earlier by Cantwell 

and Suslow (1997). These authors also showed that 

the respiration intensity at 10 °C is more than double 

that at 5 °C. After one day of acclimatization at 5 °C, 

the highest respiration intensity was displayed by un-

treated broccoli. After three days, the respiration in-

tensity in all combinations decreased and equalized 

for treated and untreated broccoli. In a study by For-

ney et al. (2003), respiration rates decreased during 

five days of storage at 12 °C. In the current study, the 

next three days brought no significant changes in the 

intensity of broccoli respiration. At 10 °C, treated and 

untreated broccoli respired with similar intensity, and 

on days 3 and 6 there was a rising trend in this inten-

sity. Thus, in the present study, there was no effect of 

1-MCP treatment on the respiration intensity of 

broccoli (Fig. 1). There was also no increase in res-

piration intensity for broccoli that turned yellow 

faster. Likewise, Pogson and Morris (1997) found 

that respiration intensity is not necessarily related to 

chlorophyll breakdown, and, thus yellowing and ag-

ing of the broccoli. However, most researchers claim 

that 1-MCP inhibits the increase in respiration rate 

(Fan & Mattheis 2000; Sabir 2012; Thi Hand Phuong 

et al. 2022). In the current study, the effect of 1-MCP 

treatment on respiration intensity can be suppressed 

by low storage temperature, which is the main factor 

limiting biochemical reactions in plant tissue. 

The broccoli in this study generated very low 

amounts of ethylene, and despite the lack of statis-

tical differences, slightly less at 5 °C than at 10 °C. 

It is noteworthy that at both temperatures, there was 

a tendency for greater ethylene production by broc-

coli treated with 1-MCP than untreated. The ob-

tained results contrast with the statement of Wills et 

al. (1999) and Thi Hand Phuong et al. (2022), and 

are consistent with Porter et al. (2005), who claimed 

that treatment of Chinese cabbage with 1.0 cm3·m-3 

1-MCP stimulated ethylene more than 0.01 cm3·m-3 

1-MCP. According to Lomaniec et al. (2003),  

1-MCP can increase ethylene biosynthesis in pars-

ley. In the current study, broccoli that released more 

ethylene turned yellow and aged at retail at 

a slightly slower rate than broccoli that produced 

less gas. This indicates that alternative factors inter-

fere with the effect of 1-MCP on ethylene produc-

tion and plant tissue yellowing. It can be hypothe-

sized that other phytohormones may play an im-

portant role in the yellowing and aging of broccoli 

during storage. Tian et al. (1995) have previously 

demonstrated that cytokinins cause stimulation of 

ethylene production on the one hand and simultane-

ous retardation of broccoli yellowing on the other 

hand. In addition, the response of plant tissue to hor-

mones depends on the number of hormone receptors, 

and it is possible, as previously stated by Sisler and 

Serek (1997), that ethylene receptors become active 

again or new ones are formed during extended stor-

age. This research needs to be continued to clarify 

the above hypotheses. 
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Figure 1. CO2 generation by broccoli ‘Parthenon’ treated by 1-MCP. Individual markers indicate the average of 4 repetitions 

(n=4). Vertical lines are standard deviations 

 

 

Figure 2. C2H4 generation by broccoli ‘Parthenon’ treated by 1-MCP. Individual markers indicate the average of 4 repetitions (n=4). 

Vertical lines are standard deviations 
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CONCLUSIONS 

 

The results obtained in this research led to the 

conclusion that the use of 1-MCP to improve the 

storability of broccoli had only marginal benefits. 

There was a significant delay in yellowing when the 

heads were moved from refrigerated conditions 

(30 d at 0–1 °C) to a higher temperature of 15 °C. 1-

MCP treatment delay fleshy stem scar discoloration 

and senescence during long refrigerated storage and 

subsequent shelf life. There was no reduction in res-

piration and ethylene production in broccoli treated 

with 1-MCP, during shelf life at 5 and 10 °C after 

30 d of refrigerated storage. 

 

Acknowledgments 

The authors would like to thank Associate Professor 

Robert Maciorowski for the arrangement of figures. 

The experiment was carried out within the statutory 

program of the National Institute of Horticultural 

Research (ZPiPOiW/5/2016 (6.1.3)). 

 

REFERENCES 

 

Able A.J., Wong L.S., Prasad A., O’Hare T.J. 2002. 1-MCP is 

more effective on a floral brassica (Brassica Oleracea 

var. italica L.) than a leafy brassica (Brassica rapa var. 

chinensis). Postharvest Biology and Technology 26: 

147–155. DOI: 10.1016/s0925-5214(02)00011-x. 

Cantwell M., Suslow T. 1997. Broccoli. Recommenda-

tion for maintaining postharvest quality. 

https://postharvest.ucdavis.edu/Commodity_Re-

sources/Fact_Sheets/Datastores/Vegeta-

bles_English/?uid=6&ds=799 

DeEll J.R., Toivonen P.M.A., Vigneault C. 2001. Posthar-

vest dips to control black speck and scar discoloration 

in stored broccoli. Journal of Food Quality 24: 575–

584. DOI: 10.1111/j.1745-4557.2001.tb00632.x. 

Ekman J.H., Goldwater A., Marques J.R, Winley E., Holfort 

P., James H. 2019. Preserving broccoli quality from 

harvest to retail: use of 1-MCP. Acta Horticulturae 

1256: 23–30. DOI: 10.17660/actahortic.2019.1256.4. 

Fan X., Mattheis J.P. 2000. Yellowing of broccoli in stor-

age in reduced by 1 methylcyclopropene. 

HortScience 35: 885–887.  

Fernandez-Leon M.F., Fernandez-Leon A.M., Lozano M., 

Ayuso M.C., Gonzalez-Gomez D. 2013. Different 

postharvest strategies to preserve broccoli quality 

during storage and shelf-life: Controlled atmosphere 

and 1-MCP. Food Chemistry 138: 564–573. DOI: 

10.1016/j.foodchem.2012.09.143. 

Forney C.F., Song J., Fan L., Hildebrand P.D., Jordan M.A. 

2003. Ozone and 1-methylcyclopropene alter the 

postharvest quality of broccoli. Journal of the Amer-

ican Society of Horticultural Science. 128(3): 203–

408. DOI: 10.21273/jashs.128.3.0403. 

Gong Y., Mattheis J.P. 2003. Effect of ethylene and 1-

methylcyclopropene on chlorophyll catabolism of 

broccoli florets. Plant Growth Regulation 40: 33–38. 

https://pubag.nal.usda.gov/download/41449/PDF. 

Ku V.V.V., Wills R.B.H. 1999. Effect of 1-methylcyclopro-

pene on the storage life of broccoli. Postharvest Bi-

ology and Technology 17: 127–132. DOI: 

10.1016/s0925-5214(99)00042-3. 

Lomaniec E., Aharon Z., Aharoni N., Lers A. 2003. Ef-

fect of the ethylene action inhibitor 1-methylcyclo-

propene on parsley leaf senescence and ethylene bi-

osynthesis. Postharvest Biology and Technology 

30: 67–74. DOI: 10.1016/s0925-5214(03)00080-2. 

Ma G., Wang R., Wang C.R., Kato M., Yamawaki K., Qin 

F.F., Xu H.L. 2009. Effect of 1-methylcyclopropene 

on expression of genes for ethylene biosynthesis 

enzymes and ethylene receptors in post-harvest 

broccoli. Plant Growth Regulation 57: 223–232. 

DOI: 10.1007/s10725-008-9339-7. 

Ma G., Zhang L., Kato M., Yamawaki K., Asai T., Nishi-

kawa F., Ikoma Y., Matsumoto H. 2010. Effect of 

1-methylcyclopropene on the expression of genes 

for ascorbate metabolism in postharvest broccoli. 

Postharvest Biology and Technology 58: 121–128. 

DOI: 10.1016/j.postharvbio.2010.05.011.  

Makhlouf J., Castaigne F., Arul J., Willemot C., Gosselin 

A. 1989. Long-term storage of broccoli under con-

trolled atmosphere. HortScience 24(4): 637–639. 



80....................................................................................................................................................................M. Grzegorzewska et al. 
____________________________________________________________________________________________________________________ 

 

Page T., Griffiths G., Buchanan-Wollaston V. 2001. Mo-

lecular and biochemical characterization of post-

harvest senescence in broccoli. Plant Physiology 

125: 718–727. DOI: 10.1104/pp.125.2.718. 

Pogson B.J., Morris S.C. 1997. Consequences of cool 

storage of broccoli on physiological and biochemi-

cal changes and subsequent senescence at 20°C. 

Journal of the American Society of Horticultural 

Science 122(4): 553–558. 

Porter K.L., Collins G., Klieber A. 2005. 1-MCP does not 

improve the shelf-life ofChinese cabbage. Journal 

of the Science of Food and Agriculture 85: 293–296. 

DOI: 10.1002/jsfa.1955. 

Sabir F.K. 2012. Postharvest quality response of broccoli 

florets to combined application of 1-methylcyclo-

propene and modified atmosphere packaging. Agri-

cultural and Food Science 21: 421–429. DOI: 

10.23986/afsci.6387. 

Sisler E.C., Serek M. 1997. Inhibitors of ethylene re-

sponses in plants at the receptor level: Recent de-

velopments. Physiologia Plantarum 100: 577–582. 

DOI: 10.1111/j.1399-3054.1997.tb03063.x. 

Suzuki Y., Uji T., Terai F. 2004. Inhibition of senescence 

in broccoli florets with ethanol vapor from alcohol 

powder. Postharvest Biology and Technology 31: 

177–182. DOI: 10.1016/j.postharvbio.2003.08.002. 

Thi Hang Phuong N., Uchino T., Tanaka F., Tanaka F. 

2022. Effect of 1-methylcyclopropene (1-MCP) 

and temperature on the quality of broccoli during 

storage. Environmental Control in Biology 60(1): 

43–45. DOI: 10.2525/ecb.60.43. 

Tian M.S., Downs C.G., Lill R.E., King G.A. 1994. A 

role for ethylene in the yellowing of broccoli after 

harvest. Journal of the American Society of Horti-

cultural Science 119(2): 276–281. DOI: 

10.21273/jashs.119.2.276. 

Tian M.S., Davies L., Downs C.G., Liu X.F., Lill R.E. 

1995. Effect of floret maturity, cytokinin and 

ethylene on broccoli yellowing after harvest. 

 

 

 

 

 

 

 

Postharvest Biology and Technology 6: 29–40. 

DOI: 10.1016/0925-5214(94)00047-v. 

Toivonen P.M.A., Forney C. 2016. Broccoli. The com-

mercial storage of fruits, vegetables, and florist and 

nursery stocks. Agriculture Handbook 66: 248–251. 

https://www.ars.usda.gov/arsuserfiles/oc/np/com-

mercialstorage/commercialstorage.pdf. 

Watkins C.B. 2006. The use of 1-methylcyclopropene (1-

MCP) on fruits and vegetables. Biotechnology Ad-

vances 24: 389–409. DOI: 10.1016/j.bio-

techadv.2006.01.005. 

Watkins C.B. 2008. Overview of 1-methylcyclopropene tri-

als and uses for edible horticultural crops. HortScience 

43: 86–94. DOI: 10.21273/hortsci.43.1.86. 

Wichrowska D., Kozera W., Knapowski T., Prus P., Li-

gocka A. 2021. Assessment of the interactive effect of 

the use of 1-methylcyclopropene and cultivars on the 

nutritional value of broccoli during storage. Agron-

omy 11, 2575. DOI: 10.3390/agronomy11122575. 

Wills R.B.H., Ku V.V.V., Shohet D., Kim G.H. 1999. Im-

portance of low ethylene levels to delay senescence 

of non-climacteric fruit and vegetables. Australian 

Journal of Experimental Agriculture 39: 221–224. 

DOI: 10.1071/ea98123. 

Xu F., Wang H., Tang Y., Dong S., Qiao X., Chen X., 

Zheng Y. 2016. Effect of 1-methylcyclopropene on 

senescence and sugar metabolism in harvested broc-

coli florets. Postharvest Biology and Technology 116: 

45–49. DOI: 10.1016/j.postharvbio.2016.01.004. 

Yuan G., Sun B., Yuan J., Wang Q.M. 2010. Effect of 1-

methylcyclopropene on shelf life, visual quality, 

antioxidant enzymes and health-promoting com-

pounds in broccoli florets. Food Chemistry 118: 

774–781. DOI: 10.1016/j.foodchem.2009.05.062. 

Zsom T., Polgari P., Nguyen L.P.L., Hitka G., Zsom-

Muha V. 2020. Quality maintenance of broccoli by 

the use of 1-MCP treatments. Progress in Agricul-

tural Engineering Sciences 16 S1: 95–103. DOI: 

10.1556/446.2020.10010. 


