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Abstract. Twenty three cultivars of carrot (Daucus carota L.) roots consisting of fifteen
local and eight exotic cultivars were analysed for various chemical constituents including
dry matter, total soluble solids (TSS), g-carotene, total and reducing sugars, phenolics,
phosphorus, zinc, manganese, copper, iron, sodium potassium and ash. In addition other
characteristics such as days to maturity, root weight and length, flesh thickness, core
diameter, number of forked and cracked roots per plot have been studied. Yellow carrots
were found to have maximum root length, water soluble carbohydrates and minimum
B-carotene content. The exotic cultivars were found to have higher TSS content than the
local cultivars, while the latter cultivars had higher mineral contents than the former.
However, on the average, dry matter content, total water soluble sugars, reducing and
non-reducing sugars were found to be greater in exotic cultivars than in local ones, but
B-carotene, phenols and phosphorus contents were greater in local cultivars. A significant
positive correlation between g-carotene content, ash percentage and days to maturity
was observed. A wide variation in chemical constituents and plant characteristics was
observed indicating a high genetic variability in the material under study.

Introduction

Carrots (Daucus carota L.), which are a rich source of sugars and f-carotene,
play a dominant role in the nourishment of infants and young children. Of all
our vegetables, they are the best source of the important pro-vitamin A,
B-carotene (Schuphan [17]). Carrots are extensively used in the food pro-
cessing industry. They are frozen for use as mixed vegetables and also for
re-manufacture into canned soups. They are also canned (whole, diced or
sliced), dehydrated or used in juice manufacture (Pantastico [15]). The
information pertaining to the chemical constituents of carrot (Daucus carota
L.) and their relationship with the quality needs consideration especially for
new cultivars. This communication reports the dry matter, TSS, phenols,
B-carotene, carbohydrates, mineral constituents and other plant character-
istics such as maturity period, root length and weight, core size, flesh
thickness, and number of forked and cracked roots of some promising carrot
cultivars. This information might be useful to consumers, breeders and food
technologists.

Material and Methods

Seeds of twenty three cultivars of carrot were sown on September 23, 1978,
in a randomised block design in four replications at the Vegetable Exper-
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imental Farm of the Punjab Agricultural University, Ludhiana. The names of
cultivars with their source of procurement are given in Table 1 (a). The
distances between ridges and plants were 30 cm and 7 cm respectively. The
crop was given the recommended dose of fertilizers (100kg N/ha, 50kg
P,0;/ha and 80kg K/ha) and care was taken regarding irrigation and weed
control. A random selection of ten plants (excluding border plants) in each
strain per replication plot was made and observations were recorded for days
to maturity, total soluble solids, root weight, root length, flesh thickness, core
diameter, and number of forked and cracked roots.

For chemical analysis, uniform roots were uprooted at the optimum
maturity stage. Five roots from each replication were selected at random,
pooled and composite samples analysed in duplicate. The dry matter content
was based on samples dried at 75 = 2°C to a constant weight. The sugars were
extracted exhaustively with hot water and estimated by the method of Yemm
& Willis [19] using anthrone after clarification of the extract by the method
of the A.0.A.C. [1]. Reducing sugars were estimated by the method of
Noelting & Bernfield [14] using 3, 5 dinitrosalicytic acid. S-carotene was
estimated by the method of A.Q.V.C. [2]. Total phenolics were estimated
from their 80% methanolic extract by the method of Swain & Hillis [18].
The minerals were extracted from the oven dried ground material by wet
digestion with nitric acid: perchloric acid (4:1). Phosphorus from this extract
was determined by vanadomolybdophosphoric-yellow method (Jackson
[12]) whereas zinc, copper, manganese and iron were analysed by atomic-
absorption-spectrophotometer. Sodium and potassium were determined by
flame photometer. The total ash content was determined according to the
method of the A.O.A.C. [1]. The results were expressed on a fresh weight
basis and statistically analysed.

Results and Discussion

The chemical composition of the twenty three cultivars of carrot is given in
Table 1 (a) and 1 (b). The dry matter content varied from 7.92% (Yellow
Carrot) to 11.18% (Kurna). This is in accordance with the observations of
Kaur et al. [13]. They reported a range of dry matter from 7.57% to
10.05% in a limited study with five cultivars, while Schuphan [17] reported
the mean value as 11.63% in a large number of samples. Bajaj et al. [4]
reported the variation to be from 8.14 to 12.58%. For canning and freezing
purposes, the carrots with high dry matter content are considered desirable
(Plucinska & Elkner [16]). Thus the exotic cultivars Kurna, Regol and Duke
and local cultivars such as Nantes (IARI), No. 10—75—A, Pusa Kesar and
No. 29 are very suitable for this purpose.

B-carotene

The content varied from 0.85 (Yellow Carrot) to 8.50mg/100g (No. 10—
75A) on a fresh weight basis. Schuphan [17] has reported a range of 0.40
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to 4.30mg/100g. Axelsson [3] has reported a range of 2.8 to 12.4mg/
100 g. It has been reported that preservation either by canning or by freezing
does not reduce the pro-vitamin A (f-carotene) contents of carrots so that
preserved carrots too are valuable in this respect (Booth [5]). Carrots with
a high carotene content and TSS are preferred for dehydration purposes
(Pantastico [15]).

Total soluble solids

The cultivar Kurna had the highest TSS content (9.2%) which was supported
by the fact that it also had the highest content of total water soluble carbo-
hydrates (5.27%). This was followed by the cultivars Duke, Onward and
Regol. Exotic cultivars were generally found to have higher TSS content
than the local cultivars.

Carbohydrates

The carbohydrate content (mono- and disaccharides) in carrots is of
importance for the choice of cultivars (Schuphan [17]). The total water
soluble carbohydrates ranged from 2.62% (Nantes PBC) to 6.25% (Yellow
Carrot). Reducing and non-reducing sugars varied from 0.67% (Sel 233—21—
75B) to 2.45% (Nantes Tropical) and from 0.73% (Nantes Tropical) to 4.42%
(Kurna), respectively. Schuphan [17] reported a range of total sugars from
1.87 per cent to 5.17 per cent. Kaur et al. [13] reported the mean values of
total water soluble sugars, reducing sugars and non-reducing sugars as 3.39%,
2.31% and 1.08%, respectively, in a limited study with five cultivars of
carrots. Bajaj et al. [4] reported a variation of total water soluble sugars
from 3.51% to0 6.82%.

Phenols

The phenolic content varied from 43.61mg/100g (Royal Chantenay) to
86.40mg/100 g (Nantes Tropical). Phenolic compounds have been shown to
be regulatory factors during the dormant stage and to effect the natural
immunity of root vegetables such as carrots, beets and horse-radish. They also
play an important role during the storage of vegetables (Feldman et al. [9]).
Phenolic compounds in plants in addition to imparting disease resistance
(Farkas & Kiraly [8]), act as antioxidants (Hermann[11]).

Minerals

The mineral composition data are given in Table 1 (b). Little information is
available about the mineral constituents present in different carrot cultivars.
Phosphorus content varied from 1534mg/100g (Nabha Sel) to 59.88mg/
100 g (Sel 233—21-75B). Kaur et al. [13] have reported a range of phos-
phorus content of 4731 to 61.55mg/100 g while Schuphan [17] has
reported a range of 23mg to 45mg/100g. Iron content, expressed as
mg/100 g, varied from 1.23 (Royal Chantenay) to 5.52 (Sel-5). Copper, zinc



103

and manganese content (mg/100 g) varied from 0.089 (Banta) to 0.279 (Set
233-21-75b), 0.319 (Regol) to 2.110 (Waryana Sel), and 0.11 (Nantes PBC)
to 0.523 (Sel 233-21-75B), respectively. Ash content varied from 0.22%
(Sel-5A) to 0.81% (No. 10—75A). Kaur et al. [13] have reported a mean
value of iron, copper, zinc, manganese and total ash as 2.61mg/100g,
0.10mg/100g, 0.27mg/100g, 030mg/100g and 0.70%, respectively, in a
few cultivars of carrots. Interestingly, copper, manganese, phosphorus and
potassium were found to be highest in the variety Sel. 233-21~--75B. Sodium
and potassium content (mg/100g) varied from 30.29 (Sel-5) to 70.56 (Sel-
5A) and from 197.58 (Nantes PBC) to 414.17 (Sel 233-21-75B),
respectively. Schuphan [17] reported ranges of K, Na, Fe and phosphorus
in mg/100 g of 166 to 330,46 to 107, 2 to 5,and 23 to 45, respectively.

Data in Table 2 give information about root weight and length, flesh
thickness, core diameter, number of forked and cracked roots and the days to
maturity. A considerable range of variation existed for all the characters
indicating high genetic variability in the material under study. Days to
maturity for various cultivars varied from 90 to 95 days.

For dehydration purposes large carrots are preferred. The Western Red
cultivar was found to have maximum root weight (183.0g) followed by the
cultivars Yellow Carrot, Nantes (PBC), Waryana Sel, 5-233 and Subagh Sel
(all from the Punjab Agricultural University, Ludhiana); the other cultivars
had comparatively low average root weights. The root length of different
cultivars. varied from 12.1cm (Nantes) to 19.4 (Yellow Carrot). Flesh
thickness varied from 1.4 cm (Regol) to 2.3 cm (Sel. 5A) and the range of
core diameter was from 1.0 cm (Nantes) to 2.1 cm (Western Red). Carrots
canned whole should have a shoulder diameter between 1.27 cm to 2.54 cm.
The cultivars Western Red and Chantenay Redico with maximum core-
diameter are recommended varieties for canning and preparation of slices and
dices (Pantastico [15]). Carrots to be used for canning should not be forked
or cracked. The maximum number of cracked roots were observed in the
cultivar No. 29, followed by No. 10--75 A, Waryana Sel., Nabha Sel and
Subagh Sel. Other cultivars Banta, Western Red Kurna, Regol, Onward, Duke,
Chantenay-Redico, Nantes Tropical, Nantes (PBC), Pusa Kesar and Sel 5A
had small numbers of cracked roots. The maximum number of forked roots
was observed in the cultivar Nabha followed by Waryana Sel., S~233, No. 29
and Subagh Sel.

Correlation between chemical constituents and plant characters

Correlations between the biochemical and plant characteristics given in Table
3. A knowledge of inter-relationship of these characteristics is highly useful
for objective selections since the selection for one trait invariably effects a
number of other associated characters. A significant positive correlation
between f-carotene content and days to maturity was found. Booth & Dark
[6] have reported an increase in the B-carotene concentration with age
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which varied little at maturity. On the basis of the fact that S-carotene is
highest at maturity, Fritz & Habbin [10] have determined the optimum
harvest time for carrots. A positive correlation of f-carotene content with
flesh thickness and a negative correlation with core diameter, though not
significant was also observed. Total percentage ash, which represents the
total mineral content, had a positive correlation with days to maturity;
this is in agreement with the observation of Carvalho Avelae et al. [7] who
have reported an increased uptake of minerals by carrot roots from soil
with an increased number of days to maturity.
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