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Table 1- The main effect of blanching, freezing and storage time on vitamin C, phenolic compound and
antioxidant
Treatment Vitamin C Phenolic compound Antioxidant
(mg 100g FW1) (mg 100g FW1) (%)

Blanching with 3.330 133.80° 56.29"
boiling water
Blanching with 4500 114.44b 59.342
steam
home frozen 3.82% 124.832 57.272
semi-commercial 4012 123.422 58 358
frozen
Control 8.50? 158.38? 69.952
Two months 3.15° 120.56° 61.28°
Four months 2.09¢ 109.51°¢ 51.31°¢
Six months 1.92¢ 108.04¢ 48.71¢

Within each column, means with different letters are significantly different at P< 0.05.
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Table 2- The main and interactive effect of blanching, freezing and storage time on nutrient elements

(mgl00gFW1)
Treatment Zinc  Magnesium Manganese Iron  Copper Calcium  Potassium
Blanching with boiling water 0.39? 0.392 0.182 0.722 0.092 42.26° 438.56°
Blanching with steam 0.402 0.402 0.182 0.712 0.102 41.842 442.28°
home frozen 0.372 0.372 0.17v 0.782 0.082 42.29° 528.95°
semi-commercial frozen 0.392 0.392 0.192 0.782 0.092 44.272 548.432
Control 0.582 0.582 0.272 1.442 0.142 79.852 522.262
Two months 0.32b 0.32° 0.13° 0.38° 0.08° 23.37° 471.83°
Four months 0.29¢ 0.29¢ 0.13° 0.32¢ 0.06° 22.92° 327.16°

Within each column, means with different letters are significantly different at P< 0.05.
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Table 3- The interactive effect of blanching, freezing and storage time on nutrient elements (mg100gFW1)

Treatment Zinc  Magnesium Manganese Iron Copper Calcium Potassium

Blanching with boiling water #g;“efl 0.58a 10.54a 0.27a 1452 0l4a  79.85a  601.13a
semi-

Blanching with steam commercial ~ 0.28c 9.86a 0.13b 0.47b  0.06c 25.24b 563.26b
frozen
. . - home

Blanching with boiling water frozen 0.29¢c 7.47b 0.13b 0.42c  0.05d 24.75b 451.69d
semi-

Blanching with steam commercial  0.58a 10.54a 0.27a l44a 1 0.14a 1 79.85a 601.69a
frozen

Control  0.29c 9.36b 013b  044b 0.06c 2379  497.51c

Blanching with boiling water mz‘g;s 0.28¢ 7.39¢ 012b  037d 005d 2318  392.06d

mFO?]‘:;S 0.58a 10.54a 027a  144a 014a  79.85a  561.69a

Contol  0.29c  10.17ab 0.14b  041c 008  24.8b  537.89b

Blanching with steam mms 0.33b 7.20¢ 014b 0384 007c 24500  437.89c

mFO?]‘:;S 0.39b 7.11c 0180  072b 0.09bc  4226a  438.56¢

Control 0.40a 9.11a 0.18ab 0.78a 0.10a 41.84a 548.28a

home frozen mms 0.37b 9.08a 017b 058 0.08c 4229  528.95b

o 03vb 950 0.17b 058 00%b  44.27b  422.43¢

Control 0.58a 10.54a 0.27a 1.44a 0.14a 79.85a 422.26¢

semi-commercial frozen mz‘:]"tis 0.29bc  9.67c 0.13b 038 008b  2337h  471.83d

mf)?]‘:;s 0.32b 7.13d 013b 032 0.06c 2292  327.16e

Within each column, means with different letters are significantly different at P< 0.05.
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Introduction: In modern life, access to fresh vegetables is limited and proper processing and storage
techniques for vegetables are essential. Cabbage quality decreased over time, especially after 2-month
storage. The bleaching and freezing can affect it. It is important for the industry to know how to
treated cabbage after harvest till supermarket to decrease after harvest damage. The results of this
research showed that vitamin C, phenolic compound and antioxidant decreased with storage. Vitamin
C is decreased more than other characteristics of cabbage after storage almost 90%. Blanching
methods affect the nutrient content of cabbage and Both freezing and storage times decreased cabbage
texture (Turkmen et al. 2004).

Material and method: Therefore, in this study, a factorial experiment based on RCBD was designed
with 3 replicates to investigate the effect of blanching and freezing method over time on frozen
cabbage. by measuring the amount of vitamin C, phenolic compounds, antioxidant activity and
elements, the effects of blanching (boiled water and steam) and freezing of two methods domestic (-
18 °C) and semi-industrial (40° C) on the nutritional value of celery (Appium graviolens var. Dulce)
was evaluated.

Results and discussion: The results showed that in general, after six months, the antioxidant activity,
vitamin C and phenolic compounds decreased and blanching with boiling water significantly reduced
the amount of vitamin C and antioxidant capacity compared to blanching with steam treatment in
celery. Over first two months, the reduction in phenolic compounds and antioxidant capacity was
more than that of four and six months, but declined over time as the process slowed down. As time
progressed, all elements reduced in celery. Vitamin C, has many biological activities in the human
body. More than 85% of vitamin C in human diets is supplied by fruits and vegetables (Sahlin et al.
2004). The content of vitamin C among Brassica vegetables varies significantly between and within
their subspecies. Generally, among Brassica vegetables, white cabbage is the poorest source of
vitamin C (Saari et al. 1995). However, it is a very popular species of Brassica vegetables in Iran.
According to our results, freezing of cabbage more than 2 months decreased vitamin C drastically.
Loss of vitamin C after 7 and 14 days’ storage at 20 °C decreased to 44% and to 28% in broccoli
However, when broccoli was stored at 4 °C, and did not decrease after 7 days and 20% loss after 21
days. Vitamin C content in broccoli reduced by 26% after 3 days of storage at room temperature, by
reducing of the storage temperature to 5 °C resulted in an increase (25%) of vitamin C content in
broccoli (Lisiewska and Kmiecik 1996). Before vegetables freezing, they washed and blanched to
inactivate enzyme systems, especially oxidative enzymes (e.g. polyphenoloxidase, ascorbic oxidase,
peroxidase) (Perry and Klein 1982). The effect of blanching in the retention time of vitamin C in
different Brassica was investigated, although it depends on temperature and time of blanching
method. Vitamin C after blanching was 84% for cauliflower, 70% of cabbage, loss of vitamin C was
28-32% in cauliflower, 41-42% in broccoli, 34% in broccoli (Leja et al. 2001). There was different
report was shown that freezing decreased vitamin C in different Brassica differently. After blanching
and freezing, about 30% in broccoli. The freezing did not change vitamin C in broccoli and
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cauliflower during a 12-month storage and decreased by 3-18% for broccoli and 6-13% for
cauliflower and 30%for cabbage (Saari et al. 1995; Lejaetal. 2001). there are some reports was shown
that Phenolic compounds in broccoli, which are stored 7 days at 1 °C, showed more decreased than
ascorbic acid. Storage time effect on Phenolic compounds in different Brassica (Lisiewska and
Kmiecik 1996). Phenolic compounds in broccoli, which are stored 7 days decreased 2—3 times
(Papetti et al. 2002) On the contrary, total polyphenols did not significantly change in broccoli during
7 days’ storage (Leja et al. 2001; Lisiewska and Kmiecik 1996).

Conclusion: Generally, among the qualitative characteristics of celery, reduction of vitamin C more
than other traits was affected by different treatments. the type of freezing did not have a significant
effect, but storage time was significant so that the values were reduced more rapidly in the first two
months of storage.

Key words: celery, phenolic compounds, total antioxidants, freezing, vitamin C



