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A bstract

Ten popularly consumed non-leafy vegetables (NLGVs) were studied for their total 
carotenoids and (3-carotene contents. The samples were procured from farmer’s fields and the 
major local wholesale markets where vegetables from different parts of the country are 
brought for sale. Total carotenoids was estimated by spectrophotometric method and (3- 
carotene was determined by HPLC system. The total carotenoids ranged from 49±9|ig% for 
okra to 10460±1297)ig% for carrot. A strong seasonality was found in the content of 
carotenoids. Matured ripe variety contains significantly higher amounts of carotenoids. 
Tomato (2464±187|J,g%), sweet pumpkin (4853±I200jj,g%), carrot (10460±1297^ig%) stand 
out to be the rich sources of carotenoids. (3-carotene was found to be ranged from 64±15|ig% 
in potol to 3113±146^ig% in carrot. The share of (3-carotene to total carotenoids was in 
between 24% and 97%, but in most of the vegetables the percent of (3-carotene was above 
70%. Yellow and ripe vegetable varieties have higher (3-carotene compared to the rest of the 
vegetables under analysis. Carotenoids and (3-carotene contents of NLGVs vary with the 
variation of species, their varieties and seasons.
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Introduction
M icronutrien t deficiency, especially  vitam in A deficiency is a serious public health 

prob lem  in m ost o f the developing coun tries '. In B angladesh vitam in A  deficiency 

has been identified to be a m ajor public health problem , in spite o f the fact that it has 

been endow ed w ith plenty o f  green around and alm ost everyw here in the country. 

T he nutrient com position  o f all the available and new ly introduced green-yellow
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vegetables is not available. The values available are already forty years old and the 

analysis w as done using traditional m ethods. W ith the discovery o f  m odern 

m achines and their high level o f accuracy, there is a need to update the existing food 

tables and to find values for the new ly introduced food crops, specially, vegetables. 

In an effort to update the food value tables and to fill in the data gap we have 

investigated  ten m ost com m only consum ed non-leafy green vegetables in this study.

M ateria ls and  M ethods

Ten popularly  consum ed non-leafy  vegetables w ere procured from  farm er’s fields 
and the m ajor local w holesale m arkets w here vegetables from  d ifferent parts o f the 
country are brought for sale. Tw o to three varieties o f each o f  the ten vegetables 
w ere selected fo r the study. Since about 70% o f all vegetables are available in the 
four w inter m onths (O ctober through January), the study was confined only to 
vegetables grow n in the w inter. The selected vegetables com prised Bean (Shim ), 
Folw al potol (Potol), C ow pea (B orboti), Okra (D haros), Eggplant (B egun), Sw eet 
pum pkin (M istikum ra), Tom ato, B ittergourd (K arola), K akrol and CaiTot (G ajar).

Total caro tenoids was determ ined by solvent extraction follow ed by 
spectrophotom etric m ethod (U V -1201, U V -V IS, Shim adzu, K yoto, Japan) as 
described by R am an et aP. n-hexane-acetone ex tract o f G LV  was passed through a 
g lass colum n (2 .5x40cm ) w ith a sintered glass disk holding a 15cm bed o f  an 
adsorbent o f  a lum ina and sodium  sulphate. E luted yellow  band containing 
carotenoids w as dilu ted  and read in the spectrophotom eter at 450nm . C oncentration 
o f  carotenoid  w as calcu lated  from  its standard calibration graph.

3 -caro tene w as estim ated by H PLC  (LC-IOAD, SH IM A D ZU , K yoto, Japan) as 
described by M u lle r \  C orotenoid  eluent concentrated  under nitrogen stream  was 

reconstitu ted  w ith H PL C  grade m ethanol, and 50p,l o f  it was injected into the 
chrom atography on a Cig shim  pack C LC-O D S (M ) colum n o f diam eter 4 .6m m  
(Shim adzu, L C  C olum n, 4 .6x250m m , Japan) w ith m ethanol:tetrahydrofuran (95:5) 
m obile phase flow ing  at 1.5m l/m in. |3-carotene was detected spectrophotom etrically  
at 450nm .

Efforts w ere m ade to  assess the variation in total carotenoids and P-carotene contents 
due to seasonality , m aturity  and species variation.

Results

C arotenoids and (3-carotene contents o f N LG V s (non-leafy green vegetables) vary 

w ith the variation o f  species, their varieties and seasons.
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T h e  to ta l c a ro te n o id s  ra n g e d  fro m  4 9 ± 9  fo r O k ra  to  1 0 4 6 0 ± 1 2 9 7 |ig %  fo r 
caiTot, A  s tro n g  s e a so n a lity  w as  fo u n d  in the c o n te n t o f  c a ro te n o id s , the  
h ig h e r  v a lu e s  b e in g  a s so c ia te d  w ith  m o s t o f  th e  e a r ly  w in te r  (O c to b e r-  
N o v e m b e r)  v a rie tie s . M a tu re d  r ip e  v a rie ty  c o n ta in s  s ig n if ic a n tly  h ig h e r  

a m o u n ts  o f  c a ro te n o id s . T o m a to  (2 4 6 4 1 1 8 7 |ig % ), sw e e t p u m p k in  

(4 8 5 3 ± 1 2 0 0 |ig % ) , c a rro t (1 0 4 6 0 ± 1 2 9 7 |ig % )  s tan d  o u t to  be th e  r ich  so u rc e s  
o f  c a ro te n o id s  ( ta b le  1).

T able 1. T otal carotenoids in selected  vegetables by variety and season

Islam et a! : Carotenoid in Non-leafy Green Vegetables

\ / ̂  n »*v 1 ̂ Total carotenoids in pig% p vnliioV egciaDics
Early winter Late winter

1 y (iiiic

Bean (Shim)
Green 172.6±27.2 356.9±80.5 i ’>0.05
Greenish white 178.2±5.0 542.4±64.1 *’P<0.01

Folwal potol (Potol)
Big 172.6±27.2 171.3±10.8 “̂’P>0.05
Small 178.2±5.0 175.0+30.8

Cowpea (Borboti)
Green 519.7±22.5 358.0±54.2 “VO-Ol
Red 367.5±65.1 172.2±23.3

Okra (Daros) 48.7±8.5 233.9±55.4 '’P<0.01

Eggplant (Begun)
Round black 101.319.3 125.3±30.6 “V>0.05
Round green 98.5±4.5 103.0±4.2
Long black 111.8±24.5 98.3±25.1

Sweet pumpkin
Yellow 4852.9±1200 3970.2±466.8 “'’P<0.01
Black 1939.6±161.3 1038.71549.1 >'^>0.05

Tomato
Semirope 496.0±70.7 368.91166.8 "'’P<0.01
Ripe 2463.5±186.9 1738.7+549.1 V>0.05

Bittergourd (Karola)
Green 131.2±37.3 163.1119.0 “̂ < 0 .01
Semiripe 1235.0±84.9 464.79126.04 »'’P>0.05
Ripe 4491.7±369.8 2992.01793.1

Kakrol
Green 72.2±33.3 nd ‘‘P<0.01
Semiripe 193.7±23.1
Ripe 2639.0±448,5

Carrot (Gajar) 10459.6±1296.8 3216.711035.3 *’P<0.01

a: variation in varieties, b: seasonal variation, nd: not done.

E very sam ple was analyzed in tnplicate. V alues were expressed in m ean and SD. 
Statistics; descriptives, crosstabes, independent-sam ples t-test
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T able 2. (3-carotene in selected  vegetables

V egetab les P-carotene in [ig% P value*

Bean (Shim )
G reen 348.7+166.9 P>0.05
G reenish  w hite 417.8±86.7

Folw al potol (Potol)
B ig 65.4+4.6 P>0.05
Sm all 63.7+14.9

C ow pea (B orboti)
G reen 241.6+7.1 P<0.05
R ed 153.3+39.2

O kra (D haros) 211.8±21.8

Eggplan t (B egun)
R ound black 66.3+15.1 P>0.05
R ound green 87.1±12.2
Long black 82.7+13.5

Sw eet pum pkin
Y ellow 1853.91379.1 P<0.01
B lack 816.1+54.0

T om ato
Sem irope 324.8±72.7 P>0.05
R ipe 409.6±99.0

B ittergourd  (K arola)
G reen 123.1±29.3 P<0.01
Sem iripe 464.8±26

C arrot (G ajar) 3113.01146.3

*Significance: P<0.05

E very sam ple w as analyzed in triplicate. V alues were expressed in m ean and SD. 
S tatistics: D escrip tives, crosstabes, independent-sam ples t test
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T able 3 . Percent o f P-caroteiie in total carotenoids in the selected  vegetab le
varieties

Islam et al : Carotenoid in Non-leafy Green Vegetables

Vegetables (3-carotene in îg% Total carotenoids % of (3- 
carotene*

Bean (Shim)
Green 348.7±166.9 356.9180.5 97.7
Greenish white 417.8±86.7 542.4+64.1 77.0

Foiwal potol (Potol)
Big 65.4±4.6 171.3110.8 38.2
Small 63.7±14.9 175.0130.8 36.4

Cowpea (Borboti)
Green 241.6±7.1 358.0154.2 67.5
Red 153.3±39.2 172.2123.3 89.1

Okra (Dharos) 2I1.82±21,7 233.9+55.4 90.6
Eggplant (Begun)

Round black 66.3±15.1 125.28130.6 52.9
Round green 87.1±12.2 103.0+4.2 85.4
Long black 82.7±13.5 98.3+25.1 85.1

Sweet pumpkin
Yellow 1853.9±379.1 3970.21466.8 46.7
Black 816.1±54.0 1038.71549.1 78.6

Tomato
Semirope 324.8±72.7 368.91166.8 88.0
Ripe 409.6199.0 1738.7+549.1 23.6

Bittergourd
(Karo la) 123.1±29.3 163.1 + 19.0 75.4
Green 464.8±26.0 504.5181.4 92.1
Semiripe

Carrot (Gajar) 3113.01146.3 3216.711035.2 96.8

V alues w ere expressed in m ean and SD.
*Percent o f  |3-carotene was calculated on the basis o f total carotenoids as 100%.

P-carotene was found to be ranged from  64±15 |ig%  in potol to 3113+ 146^g%  in 

carrot. T he share o f (3-carotene to total carotenoids was in betw een 24 for T om ato 

and 97%  for carrot and green bean. B ut in m ost o f the vegetables the percent o f (5- 

carotene w as above 70% . Y ellow  and ripe vegetable varieties such as carrot
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(3 1 13±146|0.g%), T om ato  (410±99)ig% ), and karola (465+26 |ig% ) have higher 13- 

caro tene com pared  to  the rest o f the vegetables under analysis (table 2,3)

D iscussion

T he d istribu tion  o f  total carotenoids in plant m aterials has been review ed in several 

publications'*. M ost o f  the data presented include those reported  before 1970s and 

analysed by using open-colum n and thin-layer chrom atography, w hich do not perm it 

adequate or accurate separation o f the total carotenoids, so the results w ere reported 

as total caro tene or carotenoids or P-carotene"*. A s m ost o f the carotenoids have 

absorbance m axim a very close to 450nm , w hich is for |3-carotene, it is therefore, 

d ifficu lt to estim ate  (3-carotene content w ith the spectrophotom etric m ethod, but 

convenien t for determ ination o f  total carotenoids. H PLC  system  can precisely 

identify  and determ ine the p-carotene and other carotenoid  profile in plant m aterials 
and other sources.

It was observed  that total carotenoid  values for m ost o f  the N L G V s studied 

corresponded  to the P-carotene values reported for these v ege tab les '’̂ '^ This w ould 

be because o f assay m ethods difficulties as described above and the reported values 

w ould  be for the total carotenoids instead o f P-carotene. The share o f  P-carotene to 

total carotenoids w as show n to be 24 to  97% . H ow ever, in m ost o f  the vegetables 

the percent o f  P-carotene was above 70% . These values are nearly  equivalent to those 

reported  for som e vegetable by O ng and Tee'*. Y ellow  and ripe vegetable varieties 

have significantly  (P<0.05) higher P-carotene com pared to the rest o f  the vegetables 
under analysis.

This study has identified  som e very rich  vegetable sources o f  carotenoids and P- 

carotene. In addition to its role in addressing the w idely prevalent vitam in A 

m alnutrition , caro tenoids also have potential antioxidant activity. N ow  that the 

governm ent and the N G O s are very active in addressing the m icronutrient 

m alnutrition  through hom estead horticulture and gardening, these vegetables can be 

incorporated  in the food system , and be popularized their production and 

consum ption. T he values derived from  the study can also be incorporated to update 
our old food value tables.
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