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Abstract       White cabbage, which occupies an important place in the 
assortment of fresh vegetables in autumn-winter period, presents a different 
storage capacity, depending on the variety. To establish the resistance to 
handling and storage of the cabbage, in order to choose the most resistant 
varieties, that are able to maintain unaltered their commercial and nutritional 
qualities a longer period, within Research and Development Institute for 
Processing and Marketing of the Horticultural Products – Bucharest and 
University of Agricultural Sciences and Veterinary Medicine Bucharest were 
initiated, during the period 2012-2014, researches regarding the influence of 
histological and histochemical structure of cabbage upon its storage capacity. 
It was worked with two varieties of white cabbage, Buzoiana (Romanian 
variety), with reduced storage capacity and Gredana (Danish variety), with a 
good storage capacity, provided from a culture situated in Dobrogea area. 
The microscopic analysis point out that the Gredana variety has a better 
storage capacity due to the following histological and histochemical features: 
thick cuticles on both epidermises, suberized epidermis of the cell walls, 
numerous and grouped vascular bundles, the mesophyll parenchyma with 
small cells and intercellular spaces, less numerous stomates, high content of 
simple glucides and high quantity of fats maintained during the whole storing 
period.   
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The therapeutic virtues of cabbage - this so common 

aliment - are known since antiquity. Its qualities are 

undeniable, therefore cabbage can be used successfully 

in the prevention and treatment of a very large number 

of diseases, being a real natural pharmacy. White 

cabbage is rich especially in provitamin A, vitamins C 

and E, vitamin B1, vitamin B2, vitamin PP and in 

fibres, elements that provides cells health, giving it 

valuable therapeutic properties. Cabbage is richer in 

vitamin C than oranges, has few calories and  a lot of 

substances with antioxidant effect, contains large 

amounts of magnesium, pottasium, calcium, iron, 

copper, phosphorus, sulphur. These features and many 

others recommend the cabbage as a natural remedy 

against a large number of diseases (5, 9, 10). It is an 

alkalizing nutritional aliment, energetical, 

remineralizing and tonic and it is preferable to be eaten 

raw, in order to keep intact its properties. The 

reasearches conducted in the last 20 years (7) 

confirmed that a regular consumption of cabbage has a 

beneficial effect in the prevention of the colon cancer 

in particular, of stomach cancer, but also of lungs, 

esophageal, and rectal cancer (reaserches conducted at 

University of Minnesota and J. Hopkins from USA, in 

Greece, Israel, Japan, Norway). 

 Storage capacity of the cabbage depends on 

the quality of raw material for storage, which is 

influenced by culture conditions and variety (1, 2, 8). 

The variety imprints the plants a certain chemical 

structure, histological and cytological (3, 6, 8), 

detectable through different methods of analysis (4).                                                                                         

 Researches conducted at RDIPMHP - Horting 

in collaboration with UASVM Bucharest aimed the 

establishment of histological and histochemical 

structure influence upon the capacity to maintain the 

quality during the storage of two white cabbage 

varieties:  Buzoiana (Romanian variety), with reduced 

storage capacity and Gredana (Danish variety), with a 

good storage capacity, provided from a culture situated 

in Dobrogea area. 

 

Material and Method 

 
Researches were conducted during the period 

2012-2014, with autumn cabbage, varieties Buzoiana 

and Gredana, obtained in a vegetable farm from 

Romanian seaside area. The storage was effectuated in 
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refrigeration conditions (temperature = 0-1ºC; air 

relative humidity = 85-90%) for a period of 105 days, 

thereupon were effectuated the following 

determinations: 

-weight losses, expressed by evapo-

transpiration; 

-losses by conditioning, resulted by removing 

yellowed leaves, of diseased ones and of the spine. 

For testing the anatomic-morphological and 

biochemical features that influence the storage capacity 

of the cabbage, there were made sections through the 

nervure and mesophyll and examined under a 

microscope, histological and histochemical. It was 

studied the number, shape, distribution and function of 

stomates, in order to establish the relation with water 

loss in tissues during the storage period. 

There were used leaves from 3 zones of the 

head: external, median and internal, to each leave being 

effectuated sections at the base, middle and top. 

To highlight the histological and 

histochemical particularities, there were used different 

methods of coloring, as follows: 

- reaction with phloroglucine, for the 

identification of lignified cell walls; 

- coloration with Congo red and chrysoidine 

for the identification of cellulosic or suberized cell 

walls; 

- reaction with  zinc chlorine iodide, for the 

identification of cellulosic walls, of wood, suberin and 

cutin; 

- coloration with phenyl acetic hydrazide for 

glucide identification. The reaction with this pigment is 

based on the inversion of disaccharides into 

monosaccharides, at temperature, in the presence of 

glycerin and results the formation of osazone crystals; 

- iodine test in potassium iodide, for the 

highlight of starch; 

- coloration with Sudan III, for the 

identification of lipids. 

 

Results 

 

1.Losses recorded during storage 
From the analysis of data presented in Figure 1, it is 

observed that, after 105 days of refrigeration storage, 

weight losses are of 5.7% at cabbage variety Gredana 

and nearly double, by 10.8% at the cabbage from 

Buzoiana variety, with very significant differences 

between them. 

 

 

 
 

Fig.1. Losses recorded during the storage of the cabbage 

 

Losses by conditioning increase from 17.4%, at variety 

Gredana, to 20.7% at variety Buzoiana, differences 

being significant between the varieties. 

 Total losses are of between 23.1% (Gredana 

variety) and 31.5% (Buzoiana variety), with very 

significant differences between the varieties. 

 This experience demonstrates that the cabbage 

from Gredana variety has a good storage capacity, 

while the cabbage from Buzoiana variety is not suitable 

for a long-term storage. 

2.Histological structure 
The analysis effectuated at harvest highlight the fact 

that, at the cabbage from Gredana variety, the cuticle is 

thicker at all sectioned levels, comparative with 

Buzoiana variety (table 1). 
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Table 1 

The thickness of the cuticle on the epidermis of the cabbage leaves 

MU=mm 

Head zone Epidermis position Variety 
Buzoiana Gredana 

External leaf lower 

upper 

0,05 

0.034 

0.081 

0.052 
Median leaf lower 

upper 

0.032 

0.026 

0.050 

0.039 

Internal leaf lower 

upper 

0.036 

0.017 

0.03 

0.02 
 
At the cabbage from Gredana variety, the cuticle is 

coated with frequent wax agglomerations, and the 

walls of epidermal cells are slightly suberized, the 

suberin layers alternating with those of cellulose, 

particularities that are not found at Buzoiana variety. 

 The number of stomates, as well as their 

distribution in leaves, influences the transpiration 

process and therefore the dehydration degree of the 

leaf. From the analysis of number, shape and stomates 

distribution at the two varieties, results that the 

cabbage from Gredana variety has a fewer number of 

stomates on both epidermises at all leaves, comparative 

with cabbage from Buzoiana variety (Figure 2). At 

both varieties, the stomates are more numerous on the 

lower (inferior) epidermis than on the upper (superior) 

one. 
 

 
 

Fig. 2. The distribution of the stomates in the cabbage leaves 

 

The number of stomates increases from the internal 

leaves towards external leaves in the case of Buzoiana 

variety, while, at Gredana variety, the external leaves 

present the lowest number of stomates. At cabbage 

from Buzoiana variety, the stomates have thick inner 

cell walls towards stomatal opening, which determines 

their permanent opening, particularity that influences 

directly the loss of water during the storage period, 

causing the wilting of leaves, but also accelerates their 

hydration in conditions of conservation by pickling. 

 The phloem-xylem fascicles are more 

numerous at cabbage from Gredana variety, 

comparative with cabbage from Buzoiana variety 

(Table 2). 
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Table 2 

The presence of the vascular bundles in the cabbage leaves 
MU= number of phloem-xylem fascicles/test surface 

Head zone Section level Variety 
Buzoiana Gredana 

no. fascicles/ 

nervure 

no. xylem 

vessels/nervure 

no. fascicles/ 

nervure 

N\no. xylem 

vessels/nervure 
External leaf base 

middle 

top 

average 

5-6 

3-4 

3 

 

55 

12 

3 

23.33 

5 

4-5 

3-4 

50 

20 

8 

26.0 
Median leaf base 

middle 

top 

average 

3-4 

1 

1 

12 

3 

1 

5.33 

7-8 

4-5 

4-5 

40 

14 

10 

21.33 
Internal leaf base 

middle 

top 

average 

2 

1 

1 

4 

2 

1 

2.33 

5-6 

4 

3-4 

30 

12 

6 

16.0 
 
At both varieties, the number of fascicles/nervure 

decreases from the external leaf towards internal leaf 

and from the leaf base to its top. In the case of 

Buzoiana variety, decreasing is much more pronounced 

comparative to Gredana variety. 

 Vascular bundles are grouped at the level of 

nervures at all cabbage leaves from Gredana variety, 

and at cabbage from Buzoiana variety, these are 

grouped in the nervures of external leaves and isolated 

in the nervures of internal leaves. 

 The mechanical tissue, represented by angular 

lacunar collenchyma, is very well developed at 

cabbage from Gredana variety, comparative with the 

cabbage from Buzoiana variety (Table 3).

 

 

Table 3 

The presence of the angular lacunar collenchyma in the cabbage leaves 
MU=number of cells layers from angular lacunar collenchyma /test surface 

Head zone Section level Variety 
Buzoiana Gredana 

External leaf base 

middle 

top 

average 

14 

7 

3 

8 

17 

11 

5 

11 
Median leaf base 

middle 

top 

average 

9 

6 

3 

6 

13 

9 

5 

9 
Internal leaf base 

middle 

top 

average 

5 

3 

1 

3 

9 

6 

3 

6 
 
Number of cells layers from this tissue decreases from 

the base to the top of the leaves and from the external 

leaves towards the leaves from centre of the head. 

 The parenchyma in the leaf mesophyll at 

cabbage from Gredana variety is formed from cells 

with thick cellulosic walls and small intercellular 

spaces, and at cabbage from Buzoiana variety the 

cellulosic walls are thinner and intercellular spaces are 

larger. 

 The determinations effectuated after storage 

highlight, at variety Buzoiana cabbage, a pronounced 

deterioration of cells at all section levels, manifested 

by shrivelling of the cells, tendency of their separation, 

increasing of intercellular spaces and destruction of 

cell walls. In the case of Gredana variety cabbage, the 

destruction process is much less evident and it is 

manifested by flattening of the cells, shrivelling and 

folding of cell walls, concomitant with their 

suberization, as well as the appearance of triangular 

spaces between cells. The process is more accentuated 

in the main nervures at external leaves, beside those 

from the middle of head and at the top of leaves 



 22 

comparative to their base. 

3.Histochemical structure 
The content of simple glucides in cabbage leaves, 

determined by counting the crystals of osazone formed 

after reaction with acetic phenyl hydrazide, differs with 

variety, higher values meeting in cabbage from 

Gredana variety. This increases, at both varieties, from 

the external leaves towards internal ones (Table 4).

 
Table 4 

The content of simple glucides in the cabbage leaves 
MU=number of osazone crystals/test surface 

Head zone Section level            Variety 
Buzoiana Gredana 

at harvest after storage at harvest after storage 
External leaf base 

 

middle 

 

top 

0 

 

0 

 

0 

0 

 

0 

 

0 

30 very large 

crystals (2/1µ) 

26 large crystals 

(0.4/0.2µ) 

45 10small crystals 

(0.1/0.1µ) 

10small crystals 

(0.1/0.1µ) 

8 small crystals 

 

Median leaf base 

 

middle 

 

top 

10 small crystals 

 

20 small crystals 

 

- 

10 small crystals 

 

5 small crystals 

 

- 

26 large crystals 

(0.4/0.3µ) 

20 large crystals 

(0.3/0.2µ) 

6 small crystals 

10 small crystals 

 

11 small crystals 

 

5 small crystals 
Internal leaf Base 

 

 

 

middle 

 

top 

50 small crystals 

 

 

 

50 small crystals 

 

25 small crystals 

12 small crystals 

 

 

 

10 small crystals 

 

13 small crystals 

22 large crystals 

(0.4/0.5µ)+1 

 gigantic crystal 

(10/20µ) 

50 large crystals 

1/0.6µ) 

10 small crystals 

10 large crystals 

(0.4/0.3µ) 

 

 

10 large crystals 

(0.4/0.4µ) 

6 small crystals 
 
After refrigeration storage, the content in glucides is 

much lower at both varieties, therefore at the cabbage 

from Gredana variety, in external and middle leaves are 

present small and rare glucide crystals, and in the 

internal leaves appear several large crystals, arranged 

particularly in the cells around vascular bundles. In the 

case of cabbage from Buzoiana variety, in the external 

leaves were not observed glucides. 

 The starch content also differs depending on 

the variety and leaf position in the head (Table 5). At 

cabbage from Gredana variety, starch granules are 

present in bark cells, in the sheath around vascular 

bundles and in the cells of stomates. In the case of 

cabbage from Buzoiana variety, although starch content 

is higher, this is observed only in the cells that 

delimitates the vascular bundles. The highest starch 

quantity is found in the leaves from the middle of 

cabbage head. 

 
Table 5 

The starch content in the cabbage leaves 
MU=number of starch granules/test surface 

Head zone Section level Variety 
Buzoiana Gredana 

at harvest after storage at harvest after storage 
External leaf base 

middle 

top 

average 

33 

18 

7 

19.5 

32 

26 

37 

30.2 

8 

28 

- 

12 

- 

- 

- 

- 
Median leaf base 

middle 

top 

average 

55 

50 

12 

39.2 

91 

23 

- 

37.8 

2 

50 

14 

22 

- 

- 

- 

- 
Internal leaf base 

middle 

top 

average 

55 

7 

10 

24 

73 

46 

22 

35.8 

2 

16 

7 

8 

- 

- 

- 

- 
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After storage, at the cabbage from Gredana variety, it is 

not longer signalized the presence of starch at none of 

section levels, and at cabbage from Buzoiana variety, 

the revealed starch content is higher comparative with 

the harvest moment. 

 The lipids content in the cabbage leaves of 

Buzoiana variety is low (Table 6). This increases 

slightly from the outer to the center of head, both at 

harvest and after storage. 

 

Table 6 

The lipid content in the cabbage leaves 
MU=number of lipid granules/test surface 

Head zone Section level Variety 
Buzoiana Gredana 

at harvest after storage at harvest after storage 
External leaf base 

middle 

top 

average 

21 

17 

15 

17.66 

20 

16 

15 

17.0 

48 

48 

39 

45.0 

47 

46 

34 

42.33 
Median leaf base 

middle 

top 

average 

23 

19 

18 

20.0 

23 

17 

16 

18.66 

56 

52 

47 

51.66 

53 

50 

47 

50.0 
Internal leaf base 

middle 

top 

average 

24 

19 

18 

20.33 

22 

18 

17 

19.0 

52 

45 

36 

44.33 

48 

39 

30 

39.0 
 

At cabbage from Gredana variety, the lipid granules are 

numerous, unevenly distributed in the cells, middle 

leaves being richer. 

After storage, the lipids quantity remains high 

at all section levels, especially in the epidermal cells of 

collenchyma and in the main nervure tissue. 

 

Conclusions 

 
 From the conducted researches results that the 

cabbage from Gredana variety has a good storage 

capacity. This is determined by the following 

histological and histochemical properties: 

- mechanical tissue very well developed, mesophyll 

parenchyma with small cells and intercellular spaces, 

which provides a good resistance to handling and bulk 

storage; 

- thick cuticle on both epidermises, covered frequently 

with wax, the walls of epidermal cells are suberized 

and stomates less numerous, that contribute to 

decreasing of water losses through transpiration and 

maintenance of the heads turgescence; 

- high content in simple glucides at harvest, which is 

maintained the same during the storage period, that 

determines a high osmotic pressure, which contribute 

to water retention in cells; 

- high quantity of lipids in the cells, which maintains 

during whole storage period and confers resistance to 

storage. 

 Starch content did not correlate with the 

storage capacity of cabbage. In the heads from 

Buzoiana variety, the quantity of starch in leaves was 

higher, but its very slow hydrolysis determined that, 

during all storage period, the content in reducing 

glucides to be smaller, which contributes to higher 

water losses in the transpiration process. 

 Due to the good storage capacity of the 

cabbage from Gredana variety, this one maintains its 

commercial and nutritional qualities a longer period of 

time, for which reason is recommended its extension in 

the autumn culture. 

 The cabbage from Buzoiana variety, with 

reduced capacity of quality maintenance, is not suitable 

for long-time storage. 

 Based on the results of this researches, can be 

established histological and histochemical indicators to 

be used in the works of amelioration.   
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