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ABSTRACT

Free polyphenolic acids content in four cauliflower cultivars – ‘Panther’, ‘Isabel’ F1, ‘Amfora’ F1 (cultivars with green curds)
and ‘Coleman’ (cultivar with a white curd) was examined in 2001-2002. Cauliflowers were grown for harvest in spring,
summer or autumn. The influence of gas composition of atmosphere during 6-week storage in a cold store (at the ambient
atmosphere and at CA 5% CO2 + 3% O2) on polyphenolic acids content in cauliflowers harvested in autumn was also
examined. Polyphenolic acids content was affected by period of growing and cultivar. Their concentration varied from 1.2 to
1.8 mg·g-1 of f.w. (means of the two years). The highest polyphenolic acids concentration was found in cv. ‘Amfora’ F1 and
the lowest in cv. ‘Coleman’. During storage of cauliflowers polyphenolic acids concentration decreased. However, CA
conditions inhibited to some degree changes in polyphenolic acids concentration in stored curds.
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INTRODUCTION
Several new cultivars of cauliflower with green curds have been introduced to growing practice in Poland lately.
They yield very well in Polish climatic conditions. These cultivars are a result of crossing between white
cauliflower and broccoli cultivars [4]. Optimum storage conditions for white cauliflower are: temperature of 0-
1°C and 95-98% RH. Wrapping curds with a stretch plastic film is also recommended [1, 20, 21]. Controlled
atmosphere (CA) storage offers moderate benefit to white cauliflower cultivars, however the best CA gas
composition is 3-5% CO2 + 2-3% O2. Storage of cauliflowers for more than 3-4 weeks is not recommended.
Some flavour changes of cauliflowers, when CO2 concentration in the atmosphere exceed 5% was observed [1].
Green cultivars show a better storage ability than the white ones and they store well in CA composed of 5% CO2
+ 3% O2, or 3% CO2 + 3% O2 [5, 6]. Green cauliflowers have different sensory characteristics than the white
ones and they content more dry matter and Vitamin C [7].

Attention is paying last years to phenolic compounds in vegetables. There are reports on immunostimulating,
antibacterial and antioxidative properties of polyphenolic acids [3, 15]. These compounds increase also plant
resistance to some pathogens [14]. Changes in phenolic compounds content in some vegetables resulted from
postharvest factors were investigated by several authors [2, 9, 10, 11, 12, 13, 18, 19]. Since PAc are often present
in plants not in a free form, but as esters or glycosides or bounded to lignins or tannins, the concentration of free
PAc in plant cells may increase as an effect of hydrolyze. Low O2 concentration in the atmosphere or low
temperature during storage may influence phenolic concentration in vegetable tissue. Phenolic accumulation
during storage at ambient atmosphere was observed in carrot roots [2, 11]. Storing vegetables in CA conditions
may cause an increase of phenolic concentration, and this was observed in case of stored lettuce [9, 12, 13] and
zucchini fruits [8].

The aim of this work was to determine free polyphenolic acids content in different cultivars of cauliflower –
green and white curd cultivars – and to examine the influence of growing period and storage conditions on a
concentration of these compounds in curds.

MATERIALS AND METHODS

Plant material. The two-year experiment was carried out at the Department of Vegetable and Medicinal Plants
of Warsaw Agricultural University in 2001-2002. Plants were grown from transplants in the experimental field
in Warsaw-Wilanów, on a silt soil, pH of about 7.0. The fertilizing was applied according to results of soil
analysis (200 kg N, 100 kg P2O5 and 200 kg K2O per hectare) in each year of the experiment. Plants were
chemically protected against pests and diseases, according to general recommendations. Climatic conditions
during growing seasons 2001 and 2002 are shown in table 1. Three green curds cultivars and one white curd
cultivar were chosen for the experiment. Cauliflowers were planted out and harvested at the terms, which are
shown in table 2. Harvest was performed at the optimum maturity stage of curds. Curds were then taken to
analysis as freshly harvested ones or wrapped with a PE stretch film and put to a cold store for analysis
scheduled after their storage.

Table 1. Temperature and rainfalls during growing seasons in 2001 and 2002

Mean temperature, °C Rainfalls, mm
Month Decade

2001 2002 2001 2002
1 18.1 18.9 1.8 0.0
2 15.6 16.5 20.3 9.7May
3 13.6 18.0 17.6 68.5
1 14.5 16.4 3.8 28.3
2 15.8 19.4 12.1 26.2June
3 17.8 18.7 17.8 4.3
1 20.5 21.3 36.2 34.9
2 22.1 22.2 44.2 7.6July
3 21.5 20.8 68.2 0.1
1 19.8 21.3 17.6 64.8
2 21.6 20.8 0.3 29.5August
3 18.8 20.7 17.2 0.8
1 14.7 19.1 17.2 0.0
2 13.2 12.3 31.9 18.4September
3 10.0 10.1 24.1 12.2



Table 2. Schedule of experiments carried out in 2001 and 2002

Growing period Terms of sowing Terms of planting out Terms of harvest

I (spring) 1st decade of March 2nd decade of April 3rd decade of June

II (summer) 3rd decade of April 3rd decade of May 3rd decade of July

III (autumn) 3rd decade of May 3rd decade of June 3rd decade of September

Two different experiments were performed:

Experiment No. 1. The influence of growing period on free polyphenolic acids (PAc) content in four
cauliflower cultivars.

The two factors of this experiment were:

• Factor A: period of growing – spring (I period), summer (II period), autumn (III period);
• Factor B: cultivar – ‘Panther’, ‘Isabel’ F1, ‘Amfora’ F1 (green curd cultivars), ‘Coleman’ (white curd

cultivar).

The experiment was performed in four replications, with 30 plants used for each replication. For the analysis
whole curds were cut immediately after harvest on smaller parts and homogenized. Then samples of
homogenized material were taken from each replication.

Experiment No. 2. The influence of storage conditions (gas composition of atmosphere) on PAc content in four
cauliflower cultivars.

• Factor A: cultivar – as in the experiment No. 1 (see above).
• Factor B: storage conditions – freshly harvested cauliflowers, cauliflowers stored at the ambient

atmosphere, cauliflower stored at controlled atmosphere (CA 5% CO2 + 3% O2).

Only cauliflowers from the autumn period of growing were taken for this experiment. The temperature of storage
was 0°C, and RH 95%. Cauliflowers were stored for 6 weeks. The experiment was carried out in four
replications and 8 curds in each replication were stored. For analyses the material was prepared immediately
after storage period with the method described above.

Free PAc concentration in cauliflowers were determined according to the Polish Standard [17]. Polyphenolic
acids were extracted from the plant material with water and then their concentration was determined by a
spectrophotometer at light wavelength 490 nm. For the analysis of variance Anova program was applied and
HSD Tukey’s test was performed to show which mean numerical values differ significantly at P = 0.05.

RESULTS AND DISCUSSION

Data presented show that sums of rainfalls were differentiated for months (tab. 1). The heaviest rainfalls took
place in July 2001 and August 2002. The two seasons of the experiment were quite warm and the temperature
during all months was a little higher than the mean value for last 60 years.

Freshly harvested cauliflowers contained 1.2-1.8 mg·g-1 of PAc (tab. 3). It corresponds well with values 0.7-3.2
mg·g-1, which were determined for cauliflower by other authors [16, 22]. It was noted that period of growing
significantly influenced PAc content in curds in both years of the experiment. Means of the two years show a
tendency to the lowest PAc concentration for the second (summer) period of growing. However, differences
between 2001 and 2002 in PAc concentration in curds were noticeable. For 2001 differences in PAc
concentration between cauliflowers grown in spring (I) and summer (II) period were nonsignificant. For 2002
these differences were significant and the lowest PAc concentration was found in cauliflowers grown in summer
period. This might be caused by big differences in rainfalls during the vegetation period of 2002. In both years of



the experiment PAc concentration in the autumn cauliflowers was relatively high. PAc content was also
significantly influenced by a cultivar (in both years of the experiment). The lowest value of PAc concentration
was observed for cv. ‘Coleman’ (the white one) and the highest value – for cv. ‘Amfora’ F1 (the green one).

Table 3. Free polyphenolic acids content in cauliflower curds as affected by growing period and cultivar

Factor Free polyphenolic acids content, mg·g-1 f.w.

growing period
(A)

cultivar
(B) 2001 2002 means of the two

years
Amfora 1.34 1.54 1.44
Isabel 1.23 1.76 1.50

Panther 1.21 1.62 1.42
I (spring)

Coleman 1.18 1.56 1.37
Amfora 1.28 1.33 1.31
Isabel 1.32 1.32 1.32

Panther 1.25 1.35 1.30
II (summer)

Coleman 1.16 1.24 1.20
Amfora 1.58 2.01 1.80
Isabel 1.46 1.58 1.52

Panther 1.51 1.48 1.50
III (autumn)

Coleman 1.44 1.34 1.39
I 1.24 a 1.62 b 1.43 b
II 1.25 a 1.31 a 1.28 a

Means for
growing period
(A) III 1.50 b 1.60 b 1.55 b

Amfora 1.40 b 1.63 c 1.52 c
Isabel 1.34 ab 1.55 bc 1.45 bc

Panther 1.32 ab 1.48 ab 1.40 ab
Means for cultivar
(B)

Coleman 1.26 a 1.38 a 1.32 a

LSD A×B (P = 0.05) n.s. n.s. n.s

Different letters in the same column indicate that means differ significantly according to HSD Tukey’s test at
P = 0.05.
n.s. – interaction nonsignificant at P = 0.05

A significant effect of storage at different gas composition on PAc content in cauliflowers was observed in both
years of the experiment (tab. 4). Freshly harvested curds showed higher concentration of PAc than the stored
ones, but CA storage slightly inhibited changes in PAc concentration compared with ambient atmosphere
storage. Results of the experiment showed that CA storage of cauliflowers did not cause any increase of PAc
concentration in curds. However, in the author’s other experiment [8] was observed that an increase of PAc
concentration took place in stored zucchini fruits. Other authors noted an increase of phenolic concentration
during storage of lettuce [12].



Table 4. Free polyphenolic acids content in cauliflower curds as affected by cultivar and storage conditions

Factors of the experiment Polyphenolic acids content, mg·g-1 f.w.

cultivar (A) storage (B) 2001 year 2002 year means of the two
years

before storage 1.58 2.01 1.80
ambient atmosphere 1.02 1.04 1.03Amfora

CA 5 + 3 1.20 1.24 1.22
before storage 1.46 1.58 1.52

ambient atmosphere 1.12 1.26 1.19Isabel
CA 5 + 3 1.30 1.32 1.31

before storage 1.51 1.48 1.50
ambient atmosphere 0.84 0.68 0.76Panther

CA 5+3 1.15 0.96 1.06
before storage 1.44 1.34 1.39

ambient atmosphere 0.82 0.78 0.80Coleman
CA 5 + 3 1.18 0.99 1.09
Amfora 1.27 b 1.43 b 1.35 b
Isabel 1.29 b 1.39 b 1.34 b

Panther 1.17 a 1.04 a 1.11 a
Means for cultivar
(A)

Coleman 1.15 a 1.05 a 1.10 a
before storage 1.50 b 1.60 b 1.55 b

ambient atmosphere 0.95 a 0.94 a 0.95 a
Means for storage
conditions
(B) CA 5 + 3 1.21 ab 1.13 a 1.17 ab

LSD A×B (P = 0.05) n.s. n.s. n.s

CA 5+3 - controlled atmosphere 5% CO2 + 3% O2
Note: see table 3

The influence of cultivar on PAc concentration in cauliflowers after storage was also significant (tab. 4). The two
green cultivars – ‘Amfora’ F1 and ‘Isabel’ F1 showed higher PAc content than other cultivars. In other author’s
experiments it was observed that cv. ‘Amfora’ F1 showed better storage ability than other cauliflower cultivars
[5, 6] and also better sensory quality [7].

CONCLUSIONS

1. Polyphenolic acids concentration in cauliflower curds is affected by a cultivar and growing period.
Green cauliflower cultivars (‘Amfora’ F1, ‘Isabel’ F1, ‘Panther’) showed a higher concentration of
polyphenolic acids than the white one (‘Coleman’). The highest concentration of polyphenolic acids
was found in cauliflowers grown for autumn harvest.

2. During storage of all cauliflower cultivars a decrease in polyphenolic acids concentration take place and
CA storage slightly inhibits these changes, compared to the ambient atmosphere storage.

REFERENCES

1. Adamicki F., Elkner K., 1985. Wpływ temperatury i kontrolowanej atmosfery na przechowywanie i jakość
kalafiorów [The influence of temperature and controlled atmosphere on storage and quality of cauliflower]. Biul.
Warzywn. 28, 197-223 [in Polish].

2. Babic I., Amiot M. J., Nguyen C., 1993. Changes in phenolic content in fresh ready-to-use shredded carrots during
storage. Acta Hortic. 343, 123-128.

3. Borkowski B., 1993. Fenolokwasy i ich estry [Phenolic acids and their esters]. Herba Polon. 36/1-2, 71-83 [in
Polish].

4. Crisp P., Angell S. M., 1985. Genetic control of green curd colour in cauliflower. Ann. Applied Biol. 107, 601-603.
5. Gajewski M., 1999. Ocena jakości i zdolności przechowalniczej odmian kalafiorów zielonych różach [Quality and

storage ability of green cauliflower cultivars]. Zesz. Probl. Post. Nauk Roln. 466, 219-225 [in Polish].
6. Gajewski M., 2001. Wpływ kontrolowanej atmosfery na jakość kalafiorów o zielonych różach [The influence of

CA on green cauliflower quality]. Folia Hortic. 13/1A, 267-272 [in Polish].



7. Gajewski M., Radzanowska J., 2003. The effect of storage on sensory quality of green cauliflower cultivars
(Brassica oleracea L. var. botrytis). Veget. Crops Res. Bull. 59, 113-120.

8. Gajewski M., Rosłon W., 2002. Changes in polyphenolic acids and carotenoids content in zucchini squash fruits
(Cucurbita pepo var. giromontina Alef.) in relation to the maturity stage and storage conditions. Folia Hortic. 14/1,
155-162.

9. Ke D., Saltveit M. E. Jr., 1989. Regulation of russet spotting, phenolic metabolism and IAA oxidase by low oxygen
in Iceberg lettuce. J. Amer. Soc. Hort. Sci. 114(4), 638-642.

10. Lattanzio V., 1987. Changes in phenolic compounds during development and cold storage of artichoke (Cynara
scolymus L.) heads. Food Chem. 24, 37-50.

11. Leja M., Mareczek A., Rożek S., 1995. Metabolic changes in certain biochemical compounds in short-term stored
carrot root slices. Folia Hortic. 7(2), 69-82.

12. Leja M., Mareczek A., Rożek S., 1996. Quality changes in lettuce heads stored in a controlled atmosphere. II.
Phenolic metabolism and ethylene evolution. Folia Hortic. 8(2), 83-93.

13. Leja M., Stodolak B., Mareczek A., Rożek S., Wojciechowska R., 1997. Effect of post-harvest storage on
metabolism of phenol compounds in carrot root slices. Folia Hortic. 9(2), 59-69.

14. Macheix J., Fleuriet A., Billot J., 1990. Fruit phenolics. CRC Press, Boca Raton, FL.
15. Morton L., Cacetta R., Puddey I., Croft K., 2000. Chemistry and biological effects of dietary phenolic compounds:

relevance to cardiovascular disease. Clin. Exp. Pharm. Physiol. 27, 152-159.
16. Najda A., Wolski T., Dyduch J., Baj T., 2003. Determination of quantitative composition of polyphenolic

compounds occured in anatomically different parts of Levisticum officinale Koch. Electronic Journal of Polish
Agricultural Universities, Horticulture, Volume 6, Issue 1. http://www.ejpau.media.pl/series/volume6/issue1/horticulture/art-
02.html.

17. Polish Standard PN 91/R-87019. No. 25, 19.
18. Rhodes M., Wooltron L., Hill A., 1981. Changes in phenolic metabolism in fruit and vegetable tissue under stress.

[In:] J. Friend and M. Rhodes (ed.). Recent advances in the biochemistry of fruit and vegetables. Academic Press,
New York, NY, 193-220.

19. Siriphanich J., Kader A., 1985. Effect of CO2 on total phenolics, phenylalanine ammonia-lyase and
polyphenyloxidase in lettuce tissue. J. Amer. Soc. Hort. Sci., 110/2, 249-253.

20. Stoll K., 1974. Storage of vegetables in modified atmospheres (CA). Acta Hortic. 38, 13-22.
21. Suslow T. V., Cantwell M., 2002. Cauliflower. Produce facts. UC Davis. http://rics.ucdavis.edu
22. Troszyńska A., Honke J., Kozłowska H., 2000. Natural non-nutrients of plant origin as the components of

functional foods. Postępy Fitoterapii 2, 17-22.

Marek Gajewski
Department of Vegetable and Medicinal Plants
Warsaw Agricultural University (SGGW)
166 Nowoursynowska Str., 02-787 Warszawa, Poland
tel., fax (+48 22) 843 75 23

Responses to this article, comments are invited and should be submitted within three months of the
publication of the article. If accepted for publication, they will be published in the chapter headed
‘Discussions’ in each series and hyperlinked to the article.


