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FACTORS AFFECTING CAROTENOID AMOUNT IN CARROTS (Daucus Carota)

ABSRACT

In this study investigated the factors affecting the changes in
carotenoid levels in carrots which are rich in vitamins, minerals,
pulp, antioxidants and carotoneids. Nowadays, increasing interest in
healthy nutrition, determining the positive effects of vegetables on
human health are increasing the importance of carrot plant which
contains plenty of antioxidant substances like carotenoids, Pf-carotene
and vitamin A. Carrot contains carotenoids such as o-, B-, v-, (-
carotene, lutein, pB-zeacharotene and lycopene, and 60-80% of them are
B-carotene. Carrot is the first carotene isolated vegetable and one of
the most important sources of vitamin A.

Keywords: Daucus carota L, Carotenoids, Beta carotene,

Vitamin A, PB-zeacharotene and Lycopene

1. INTRODUCTION

In recent vyears, vegetables are not only nutrition, but also
come to the fore with healthy 1living, protection from diseases and
therapeutic properties. Vegetables and fruits are important sources of
vitamins, minerals, trace elements, dietary fibre and a large variety
of beneficial phytochemicals, which might decrease the risk of certain

age-related and cardiovascular diseases. Therefore, the dietary
guidelines recommend eating at least five portions of fruits and
vegetables a day [1l]. Carrot 1s a vegetable rich 1in Dbiocactive

compounds that contributes to human health. The nutrient content of
fresh carrot, considered as 100g of vegetables, is given in Table 1.

Table 1. Carrot nutrient content

Nutrient Content Unit 100 g Consumable Quantity
Water (g) 88.29
Protein (g) 0.93
Total Fat (qg) 0.24
Ash (qg) 0.97
Carbohydrate (qg) 9.58
Fiber (g) 2.8
Total Sugar (g) 4.54
Starch (g) 1.43
Vitamin C (mg) 5.9
Vitamin A (IU) 16811

USDA National Nutrient Database for Standard Reference, Release
18 (2005) [2]. Several factors are affecting the quality of carrots.
The quality characteristics of the carrot are closely related to
biotic and abiotic stress factors. Carrot is exposed to stress factors
that affect quality in different aspects from seed to consumption. The
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genetic factor gives an idea about the level of important chemical
compounds that determine the sensory and health-related properties of
carrots. In addition, processing factors such as climate
characteristics, growing system (traditional or organic),
fertilization and post-harvest transport and heat treatment affect the
sensory quality of carrots [3].

2. RESEARCH SIGNIFICANCE

To grow genetically high carotenoid-rich wvarieties in ideal
conditions, to use appropriate processing technologies to minimize
carotenoid losses, 1is very important for healthy nutrition. The aim of
this study is to contribute to the preservation of the health and
nutritional properties of carrot by determining the factors affecting
the amount of carotenoid 1in carrots during the production and
processing period.

3. CAROTENOIDS

Carotenoids were first isolated from the carrots by Weckenroder
in 1831. It is one of the most important pigment groups in nature with
its wide distribution, structural differences, and a wide variety of
effects and functions [4]. Carotenoids are a class of natural pigments
familiar to all through the orange-red colours of popular foods like
oranges, tomatoes and carrots and the yellow colour of many flowers.
They have been studied for a number of years because of their diverse
roles in photobiology, photochemistry and photo medicine. Carotenoids
are also added as colorants to many manufactured foods, drinks, and
animal feeds, either in the forms of natural extracts (e.g annatto,
paprika or marigold extracts) or as pure compounds manufactured by
chemical synthesis. Carotenoids are often described as provitamins A,
as this particular vitamin is a product of carotenoid metabolism. The
distribution of carotenoids among the different plant groups shows no
obvious pattern. b-Carotene 1is the most abundant in leafy vegetables,
though the colour is masked by its co-existence with chlorophyll, and
this carotenoid has the highest vitamin A activity. Zeaxanthin, a-
carotene and antheraxanthin are also present in small amounts [5].

3.1. Chemical Structure and Properties of Carotenoids

More than 600 different carotenoids from natural sources have
been 1isolated and characterized. Physical properties and natural
functions and actions of carotenoids are determined by their chemical
properties, and these properties are defined by their molecular
structures. Carotenoids consist of 40 carbon atoms (tetraterpenes)
with conjugated double bonds. They consist of eight isoprenoid units
joined in such a manner that the arrangement of isoprenoid units is
reversed at the center of the molecule so that the two central methyl
groups are 1in a 1,6-position and the remaining nonterminal methyl
groups are 1in a 1,5-position relationship. They can be acyclic or

cyclic (mono- or bi-, alicyclic or aryl). Whereas green leaves contain
unesterified hydroxy carotenoids, most carotenoids in ripe fruit are
esterified with fatty acids. However, those of a few fruits,

particularly those fruits that remain green when ripe, such as kiwi
fruit, undergo limited or no esterification. Cyclization and other
modifications, such as hydrogenation, dehydrogenation, double-bond
migration, chain shortening or extension, rearrangement, isomerization,
introduction of oxygen functions, or combinations of these processes,
result in a myriad of structures. A distinctive characteristic is an
extensive conjugated double-bond system, which serves as the light-
absorbing chromophore responsible for the yellow, orange, or red color
that these compounds impart to many types of foods [6].
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Carotenoids have conjugated reactive double bonds, which give
these pigments antioxidant properties that affect free radicals [7].
Carotenoids according to their chemical structure are classififed in
two groups Carotenes which contains no oxygen atom, contains carbon

and hydrogen atoms (ax—carotene, R-carotene, lycopene, etc.) and
Xanthophylls; carotenoids (lutein, zeaxanthin, canthaxanthin,
astaxanthin etc.) which have at least one oxygen atom in the structure

and may contain hydroxyl and ketone groups. When carotenoids are named,
they are wusually associated with the source from which they are
isolated (P-carotene-Daucus carota) [8]. The most common carotenoids
are (-carotene, the leading agent of lycopene and vitamin A. Boiling
points are high and range from 130-220°C. They show maximum absorbance
at wavelengths of about 430-480 nm. In addition, some carotenoids
found in roots and leaves are the precursor of abscicic acid which 1is

a chemical <carrier and growth regulating compound [9]. During
photosynthesis, they have biological functions such as absorbing light,
transferring energy, and protecting cells from the harmful effects of
light [10]. Carotenoids are lipophilic compounds which dissolve in oil

and organic solvents such as chloroform, benzene, petroleum ether,

carbon disulfide, and are not soluble in alcohol. Carotenoids, which
have a polyunsaturated structure, are stable to heat but are
isomerized during process and storage [11].

3.2. Carrot Carotenoids

Carrot is an important source of vitamin A and antioxidants with
high carotenoid content. Carrot contains carotenoids such as o-, p-,
Y=, (- carotene, lutein, P-zeacharotene and 1lycopene. The most
dominant ones are o-carotene and f-carotene which theoretically meets
50-100% of wvitamin A activity [12]. 94-97% of total carotenoids
comprise o-, B-, Y- carotene. - carotene have the largest share with
44-79%, followed by o- carotene with 13-40% [13]. Carotenoid amounts
may vary in different parts of carrot, fruit crust and flesh is found
in higher amounts than the inner core. Carotenoids and their amounts
determined in carrots by different investigators are given in Table 2.

Table 2. Carotenoids in carrots

Carotenoids (mg/kg)
Resource -
B-karoten a-karoten Lutein |y-karoten
Alasalvar et al. (2001) [12] 69.4 39.9 - -
Bureau and Bushway (1986) [14] 76 37.9 - -
Bushway and Wilson (1982) [15] 46.0-125.0 20.0-59.0 - -
Bushway (1986) [16] 68.3-111.2 37.7-40.2 - -
Hart and Scott (1995) [17] 85.2-108.0 26.6-36.1 1.7-2.8 -
Heinonen et al. (1989) [18] 76.0 53.0 3.0 -
Heinonen (1990) [19] 46.0-103.0 22.0-49.0 1.1-56 6.3-270
Konings and Romans (1997) [20] 130.0 48.7 2.9 -
Niizu and Rodriguez-Amaya (2005) [21] 61.5 35.0 51 -
Olives Barba et al. (2006) [22] 63.0-96.0 - - -
Simon and Wolff (1987) [23] 52.0-117.0 32.0-66.0 - -
Skrede et al. (1987) [24] 55.5-66.0 23.0-25.0 - -
Sulaeman et al. (2001) [25] 86.26 31.6 3.9 -

4. FACTORS EFFECTING THE CAROTENOID AMOUNT IN CARROTS

4.1. Effect of Genotype

In scientific studies conducted with a large number of carrot
varieties with different characteristics; different line, fruit flesh
color, hue, chroma values are reported to be different. Therefore, it
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is possible to say that carotenoid content is a genetically controlled
property. Carotenoid substances 1in fruits and vegetables wvary in
different varieties of the same species, usually orange and red carrot
varieties are found to contain higher carotenoids than white and
yellow colored [26]. Carotenoid amounts in different parts of the
carrot may vary. Usually the amount of carotenoid 1is higher in the
shell part than the woody core part. In their study, Surles et al 2004
found that white, vyellow, orange and red carrots had different
carotenoid composition and the carotenoid content changed according to
the color characteristics of carrot roots [27]. Although hereditary
factors are effective on carotenoid components 1in carrot, the
variations obtained as a result of cultivation of the same variety in
different ecologies indicate that environmental factors are effective
on accumulation. Total carotenoid matter distribution and antioxidant
content of different carrot varieties were determined in different
regions and total carotenoid amounts between orange carrot varieties
(Bolero, Presto-F1l, Nanco, Maestro-F1l) ranged from 65.14 to 93.17mg/kg.
and the carrots obtained from Beypazari were found to have higher
carotenoid wvalues than the Burdur and Konya regions [28]. In the work
studied in control and water-restricted conditions with five carrot
genotypes contrasting by their root color, carotenoid content and the
relative expression of 13 genes along the carotenoid biosynthesis
pathway were measured in the respective tissues. This work shows that
the structural aspect of carrot root is more important for carotenoid
accumulation in relation with gene expression 1levels than the
consequences of expression changes upon water restriction [29].

4.2. Effect of Climatic Factors

Scientific studies shows that weather conditions affect the
carotenoid content of carrot, the carotene content increases with the
length of the growing season and is affected by changes in climatic

conditions([30; 31]. Considerable variation can also be seen for total
sugars (82%), p-carotene (40%), phenolics (28%), sweet taste (35%),

bitter taste (30%) and DM (29%) when comparing carrots grown in
different climates, locations or years. Thus the quality that is laid
down by a particular variety or cultivation practice can to large
extent be changed in unexpected directions by climate factors [3].

4.2.1. Temperature

It is reported that the most important climate factor affecting
carrot cultivation is temperature [32]. Temperature 1is effective on
the shape and color of the root as well as the plant growth and the
optimum temperature limits are 15-18°C. Light color carrots are
obtained in cold and wet production seasons. In harvest period at
temperatures of 10°C colour is not satisfactory. Temperature 1is
directly effective in root formation and carrot length remains short
at high temperatures. At low temperatures, carrots show the
characteristics of carrots, but this time the color and the diameter
of the carrot grow poorly, and longer and light colored carrots occur.
The Dbest growth is at temperatures around 20°C. 1In the spring
production in hot regions, a significant portion of the plants are
flowered by passing the generative phase without producing carrots of
sufficient size. During the first root growth period of the carrot,
the plant shows only the longitudinal growth, during the second root
development root Dbegins to develop as a storage organ and grows

transversely. Low temperatures, 1inadequate sunshine and nutrient
deficiencies in this period cause the root to remain thin, carotenoids
are poor and the color shifts to yellow [33]. Besides genetic factors,

environmental factors significantly affect the amount of carotenoid in
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carrot. Carotenoid content is generally higher in warmer conditions
[34 and 35]. Karabacak, E.C., in the study on mini carrots in 2010
identified that total carotenoid content is related to root color and
the amount of dry matter. The amount of carotenoid increases as the
root color of the carrot becomes darker and dry matter accumulation
increases [36]. Temperature was found to have a significant influence
on root firmness, total soluble solids, carotene, R-pinene and
caryophyllene. The internal quality parameters such as root firmness,
total soluble solids and carotene were the Dbest at the lower
temperature treatments [37].

4.2.2. Light

It is known that carotenoids in chloroplasts in high plants play
a role in photosynthesis and protect the plant from light. Carotenoids
are secondary plant pigments that store 1light energy in all plant
tissues containing chlorophyll. In addition, it 1is stated that some
carotenoids are present in the roots and leaves and are the precursor
of abscic acid which is a growth regulating compound. It is reported
that light promotes carotenoid synthesis and that light exposure level
of the plant 1is one of the important factors affecting carotenoid
concentration. [38]. It was determined that increased amount of
photosynthetic 1light increases the carrot yield per plant and the
yellow and white <cover increases the f-carotene concentration.
Reflection of colored 1light from the soil surface affected the
developing leaves, increased the edible root yield of the carrot and
affected the chemical composition [39]. Work with Arabidopsis revealed
molecular factors coordinating carotenoid biosynthesis and storage
with photosynthetic development during deetiolation, when underground
seedlings emerge to the 1light. Some of these factors also adjust
carotenoid biosynthesis in response to plant proximity (i.e., shade),
a mechanism that was readapted in tomato to monitor fruit ripening
progression. While light positively impacts carotenoid production and
accumulation in most cases, total carotenoid levels decrease in roots
of colored carrot cultivars when illuminated [40]. It was determined
that the frequency of planting affects the «o-carotene content in
carrots and increased the amount of carotene as the number of plants
in the unit area decreases and the UV radiation reaching the plants
increases. Cultivation of carrot in the intense UV rays may increase
the carotene content [3].

4.3. Impact of Cultural Transactions

4.3.1. Soil Type

Soil pH 1is important for carrot growing. Carrot is sensitive to
high acidity. Deep textured sandy-clayey soils with a pH value of 6-
6.5 are ideal soils for carrot cultivation [33]. Pietola, in his study
in 1995, was carried out carrot production in untreated fine sand,
clay and humusous soils where sprinkler irrigation was used and
compacted by cylinder. It was determined that the internal quality
characteristics of the carrots were affected very 1little Dby the
changes in the physical properties of the soil and the external
quality of the carrot (thick, short, deformed and conical root) was
adversely affected. The lowest carotene content (4mg/100g carrots) was
obtained from carrots grown in loosely grown soils, sown in March and
harvested after a cool summer ([41].

4.3.2 Environmental stress

Studies show that feeding the plants with ideal N, P, K provides
more resistance to diseases and pests, and that root growth and health
values are higher. Information on the impact of environmental and
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other stress factors on carotenoid accumulation is limited. Florent,
et al 2017 investigated the effect of environmental stress on
carotenoid accumulation in carrot roots and leaves in two different
seasons. Consequently, combined stress significantly reduced
carotenoid content in leaf and root, carotene accumulation was more
than the leaves on the roots, A. dauci infection in the roots reduced
the carotenoid content, carotenoid and sugar contents had high
correlation and stresses changed the carotenoid content depending on
genotype and year [42].

4.3.3. Fertilization

Studies have shown that the use of Nitrogen fertilizer has a
positive effect on the total amount of carotenoid, phenolic and
vitamin C in carrot roots [43]. Kiraci, et. al, in his study in 2014;
investigated the effects of different microbial fertilizers and their
different doses on carrot quality characteristics. As a result, it was
determined that the applications had a positive effect on the B-
carotene content of carrot [44]. N, P, K and organic fertilizers
applications increased the carotene content in carrots and the most
suitable feeding program for maximum carotene accumulation was
established [45]. Analysing the influence of soil fertilization with
iodine and selenium compounds on the carotenoid content of carrot, a
significant decrease of carotenoid content in plant roots fertilized
simultaneously with iodine and selenium was clearly distinguished [46].
Foliar application of selenite increased the content of Se in the
shoots and the content of carotenoids in the roots. Both sources of Se
(selenate and selenite) and application forms (soil or foliar
application) increased their content in the roots [47].

4.3.4. Irrigation

The studies revealed a significant increase in the contents of
dry matter, free amino acids and carotenoids in carrot roots
cultivated in the vyear with the lowest amount of rainfall in the
summer months [6]. In their study, Fikseloua et al 2010 found that
irrigation and excessive rainfall reduced the content of dry matter
and (-carotene and that P-carotene content was significantly different
between varieties and that hot and dry air increased the content of (-
carotene [48].

4.4. Harvest Time and Effect of Growing Period
Heinonen was determined that the carrot longer growing season
increased the accumulation of dry matter and increased the amount of

carotenoid and p-carotene content (26-55mg/kg), which was low in
summer (June-August), reached the highest level in winter (46-77mg/kg)
in his research in 1990 [19 and 49]. Similar results were found in the

study of mini carrots. Total carotenoid amounts in mini carrots are
low due to short production period in spring and summer months, in
autumn and winter, due to the length of time until harvest, total
carotenoid amounts were found to be high [36].

4.5. Color and Degree of Ripening

The degree of ripening affects the amount of carotenoid material
in plants and carotenoid amounts increase during carrot development.
Approximately 4 weeks after seed sowing, small, colorless roots are
formed in all white, yellow, orange and red carrots. Carotenoid levels
are very low at this stage. It was determined that carotenoid amount
increased between the 4th and 8th weeks of development. After 8 weeks,
a rapid increase 1in carotenoid accumulation was detected and at the
14th week all carrot varieties had different carotenoid contents and
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the highest pre-harvest accumulation was found [50]. Wu, et al, in
their study in 2000, the relationship between pB-carotene content and
dry matter content of 4 different carrot varieties was investigated.
As a result, increased amount of dry matter increased the amount of (-
carotene, [(-carotene content was different among varieties and in all
varieties in the mature period pB-carotene amount reached the maximum
level [51]. The total amount of carotenoid matter was associated with
the root color and as the carrots mature, the color became more
pronounced and dry matter accumulation increased.

4.6. The Effect of Post-Harvesting and Storage

In carrot after harvesting, some quality defects such as
carotenoid loss, loss of taste and bitterness may occur. In order to
reduce quality loss, it 1is recommended to store carrots at the most
ideal 0°C and %93-98 relative humidity. Bagdatlioglu, et al., in 1999
determined that the most effective inhibitor protecting carotenoids
against oxidation was sulfur dioxide and stlfite, food should be
stored under inert gas and in packages with low light transmittance in
order to store the carotenoid ratio unchanged. It was determined that
carotenoids are more resistant to heat treatment applications in
oxygen-free environments and the humidity of the environment 1is
effective in maintaining the carotenoid stability. Carotenoid
degradation slowed down at high humidity (%10-14), and carotenoid
fragmentation was accelerated at low humidity (<%8). It is stated that
moisture protects the carotenoids from oxidation by directly affecting
the free radicals [52]. The deterioration rate of carotenoid pigments
was determined to be dependent on storage time, oxygen and light
presence, while the oxygen effect is the lowest, the storage time 1is
the most effective factor [53]. It was observed that the loss of B-
carotene content in carrots was higher in the cellar than in the cold
storage and that Florida Fl1 was the most suitable for storage [54].
After 5-months of storage, the organic carrots had significantly
higher total soluble solids (TSS) and P-carotene content compared to
the conventional ones indicating that organically grown carrots were
less susceptible to storage conditions [1].

4.7. Effect of Processing Technology

Differences in carotenoid losses due to factors such as heat,
light and oxidation were determined. f-carotene 1in dried carrots
stored at different temperatures was found to be lost according to the
first order reaction kinetics [55]. The double bonds in the carotenoid
molecule make the molecule susceptible to oxidative degradation. The
susceptibility of carotenoids to oxidation is influenced Dby
environmental conditions and increases by processes such as physical

damage or extraction [9]. When the carotenoids stable within the
structural composition of the food are exposed to enzymes such as heat,
light, oxygen, peroxides, transition metals, lipoxygenase, they

rapidly cause color and biological function losses as gradients.

Oxidative changes in carotenoids occur in Dbasic procedures such as
desiccation, freezing and drying [56]. As the surface area increases
in the drying of carrot slices, contact with air increases and
carotenoids become more sensitive to oxidation [9 and 11]. Carotenoid
losses occur during processes such as disintegration, grinding [57]

boiling, cooking [58], drying, freezing, irradiation [59] storage [60].
It has been reported that oxidation is prevented due to the removal of
air during the processing of canned food, but the carotene content is
reduced due to the heat treatment and isomerization applied. In the
case of pickled products, in addition to thermal processing, salt and
acetic acid in salami are effective on carotenoids and the salt
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concentration has a negative effect on the stability of carotenoids

[61]. Boiling affects nutritional and health aspects by degrading
phenolics (-150%), ascorbic acid (-100%), terpenes (-85%), total
carotenes (-20%) and sucrose (—-38%) [3].

5. RESULT

Soil properties, plant density, dirrigation and fertilization,
sowing time, disease and pest control, post-harvest storage and
processing technologies should be taken into consideration in order to
provide the expected benefits of carrot in the health and nutritional
characteristics. Genetic sources with high carotenoid content should
be preserved, and healthy and quality products should be obtained by
carrying out breeding studies to develop new varieties. If the ideal
growing conditions can be provided in the varieties with Thigh
carotenoid content and the carotenoid amounts can be maintained while
the basic procedures are applied, the health benefit will be maximized.

REFERENCES

[1] Bender, I., Moor, U., and Luik, A., (2015). The Effect of
Growing Systems on The Quality of Carrots. Food Sciences.
Volume:1, pp:118-123.

[2] USDA National Nutrient Database for Standard Reference, (2005).
Release 18.

[3] Seljasen, R., Kristensen, H.L., Lauridsen, C., Wyss, G.S.,
Kretzschmar, U., Aragone, I.B., and Kahl, J., (2013). Quality
of Carrots as Affected by Pre- and Post-Harvest Factors and
Processing. J Sci Food Agric. 93, pp:2611-2626.

[4] Mortensen, A., (2006). Carotenoids and Other Pigments as Natural
Colorants. Pure and Applied Chemistry, 78, 1477-1491.

[5] Kiokias, S., Proestos, C., and Varzakas, T., (2016). A Review of
The Structure, Biosynthesis, Absorption of Carotenoids-Analysis
and Properties of Their Common Natural Extracts. Current
Research in Nutrition and Food Science. Volume: 4, (Special
Issue 1), pp:25-37.

[6] de la Rosa, L., Alvarez-Parrilla, E.A., and Gonzalez-Aguilar, G.,
(2010) . Fruit and Vegetable Phytochemicals. USA, Wiley-Blackwell
Publishing.

[7] Tee, E.S., (1992). Carotenoids and Retinoids in Human Nutrition,
Critical Reviews in Food Science and Nutrition, 31(1/2):103-163.

[8] Watson, R.R., (2001). Vegetables, Fruits and Herbs in Health
Promotion, CRC Pres, New York, pp:139.

[9] Von Elbe, J.H. and Schwartz, S.J., (1996). Colorants. In: Fenema
OR, editor. Food chemistry.2nded.NewYork: MarcelDekker.p651-722.

[10] Krinsky, N.I., (1994). The Biological Properties of Carotenoids.
Pure and Applied Chemistry, 66, 1003-1010.

[11] Rodriguez-Amaya D.B., (1997). Carotenoids and Food Preparation:
The Retention of Provitamin A Carotenoids in Prepared, Processed,
and Stored Foods. Opportunities for Micronutrient Intervention
(OMNI), Arlington.

[12] Alasalvar, C.J.M., Grigor, D., Zhang, P.C., Quantick, and
Shahidi, F., (2001). Comparison of Volatiles, Phenolics, Sugars,
Antioxidant Vitamins, and Sensory Quality Of Different Colored
Carrot Varieties. J. Agr. Food Chem. 49:1410-1416.

[13] Simon, P.W. and Wolff, X.Y., (1987). Carotenes in Typical And
Dark Orange Carrots. J. Agr. Food Chem. 35:1017-1022.

[14] Bureau, J. and Bushway, R.J., (1986). HPLC Determination of
Carotenoids in Fruits and Vegetables in the United States.
Journal of Food Science, 51, 128-130.

36



Karabacak, C.E. and Karabacak, H., &R
Ecological Life Sciences (NWSAELS), 5A0113, 2019, 14(2): 29-39.

[15] Bushway, R.J. and Wilson, A.M. (1982). Determinations of a-
and ;p-carotene in Fruit and Vegetables by High-Performance
Liquid Chromatography. Canadian Institute of Food Science and
Technology Journal, 15, 165-169.

[16] Bushway, R.J., (1986). Determination of o- and ;p-carotene in
Some Raw Fruits and Vegetables by High-Performance Liquid
Chromatography. Journal of Agricultural and Food Chemistry, 34,
409-412.

[17] Hart, D.J. and Scott, K.J., (1995). Development and Evaluation
of an HPLC Method for the Analysis of Carotenoids in Foods, and
the Measurement of the Carotenoid Content of Vegetables and
Fruits Commonly Consumed in the UK. Food Chemistry, 54, 101-111.

[18] Heinonen, M.I., Ollilainen, V., Linkola, E.K., Varo, P.T., and
Koivistoinen, P.E., (1989). Carotenoids in Finnish Foods:
Vegetables, Fruits, and Berries. Journal of Agricultural and
Food Chemistry, 37, 655-659.

[19] Heinonen, M.I., (1990). Carotenoids and Provitamin A Activity of
Carrot (Daucus carota L.) Cultivars. Journal of Agricultural and
Food Chemistry, 38, 609-612.

[20] Konings, E.J.M. and Romans, H.H.S., (1997). Evaluation and
Validation of an LC Method for the Analysis of Carotenoids in
Vegetables and Fruit. Food Chemistry, 59, 599-603.

[21] Niizu, P.Y. and Rodriguez-Amaya, D.B., (2005). New Data on the
Carotenoid Composition of Raw Salad Vegetables. Journal of Food
Composition and Analysis, 18, 739-749.

[22] Olives-Barba, A.I., Cémara-Hurtado, M., Sanchez-Mata, M.C.,
Fernadndez-Ruiz, V., and Lépez Sdenz de Tejada, M., (20006).
Application of a UV-vis Detection-HPLC Method for a Rapid
Determination of Lycopene and, PB-carotene in Vegetables. Food
Chemistry, 95, 328-336.

[23] Simon, P.W. and Wolff, X.Y., (1987). Carotenes in Typical and
Dark Orange Carrots. Journal of Agricultural and Food Chemistry,
35, 1017-1022.

[24] Skrede, G., Nilsson, A., Baardseth, P., Rosenfeld, H.J., Enersen,
G., and Slinde, E., (1997). Evaluation of Carrot Varieties for
Production of Deep-fried Carrot chips-III. Carotenoids. Food
Research International, 30, 73-81.

[25] Sulaeman, A., Keeler, L., Giraud, D.W., Taylor, S.L., Wehling,
R.L. and Driskell, J.A., (2001). Carotenoid Content and
Physicochemical and Sensory Characteristics of Carrot Chips Deep
Fried in Different Oils at Several Temperatures. Food and
Chemical Toxicology, 66, 1257-1264.

[26] Dutta, D., Chaudhuri, U.R., and Chakraborty, R., (2005).
Structure, Health Benefits, Antioxidant Property and Processing
and Storage of Carotenoids. African Journal of Biotechnology, 4,

1510-1520.
[27] Surles, R.L., Weng, N., Simon, P.W., and Tanumihardj,o S.A.,
(2004) . Carotenoid Profiles and Consumer Sensory Evaluation of

Specialtycarrots (Daucus carota, L.) of Various Colors. Journal
of Agricultural and Food Chemistry 52, 3417-3421.

[28] Koca, N., (2006). Carotenoids and Antioxidant Activity in
Carrots (Daucus carota L.). Ankara University, Food Engineering
Department, Doctora Thesis.

[29] Perrin, F., Hartmann, L., Dubois-Laurent, C., Welsch, R., Huet,
S., Hamama, L., Briard, M., Peltier, D., Gagne, S., and
Geoffriau, E., (2017). Carotenoid Gene Expression Explains The
Difference of Carotenoid Accumulation in Carrot Root Tissues.
Plnta, Volume:245, Issue:4, pp:737-747.

37



Karabacak, C.E. and Karabacak, H.,
Ecological Life Sciences (NWSAELS), 5A0113, 2019, 14(2): 29-39.

[30]

[31]

[32]
[33]

[34]

[35]

[36]

[381]

[43]

[44]

Evers, A., (1989). Effects of Different Fertilization Practises
on the Carotene Content of Carrot. J. Agric. Sci. in Finland 61:
7-14.

Hagg, M., (1996). Vitamins E, Thiamine, Riboflavin, o and B-
carotene in Finish and Imported Foods in Trace Elements, Natural
Antioxidants and Contaminants in European Foods and Diets. The
Food and Agricultural Organisation of The United Nations.
pp:187-203.

Ginay, A., (1984). Special Vegetable Growing. Volume III, Cag
Printing Press, Ankara.

Vural, H., Esiyok, D., and Duman, I., (2000). Culture Vegetables
(Vegetable Growing), Ege University Printing House, Izmir.
Kaack, K.V., Nielsen, M., Christensen, L.P., and Thorup-
Kristensen, K., (2001). Nutritionally Important Chemical
Constituents and Yield of Carrot Roots (Daucus carota L.) Grown
Organically Using Ten Levels of Green Manure. Acta Agriculturae
Scandinavica, Section B-Soil and Plant Sci. 51:125-136.
Tsukakoshi, Y., Naito, S., Ishida, N., and Yasui, A., (2009).
Variation in Moisture, Total Sugar, and Carotene Content of
Japanese carrots: Use in Sample Size Determination. J. Food
Compost. Anal. 22:373-380.

Elgin, K.C., (2010). Determination of Effects of Different
Sowing Times and Producing Methods on Yield, Quality and Harvest
Period for Baby Carrots by Using some Growing Models. Ege
University, Faculty of Agriculture, Department of Horticulture,
PhD thesis, 186 page.

Manosa, N.A., (2011). Influence of Temperature on Yield and
Quality of Carrots (Daucus Carota Var. Sativa). In The Faculty
of Natural and Agricultural Sciences. Department of Soil, Crop
and Climate Science. University of The Free State, Bloemfontein.
Thesis, 84 pages.

Thompson, K.A., Marshall, M.R., Sims, C.A., Wei, C.I., Sargent,
S.A., and Scott, J.W., (2000). Cultivar, Maturity, and Heat
Treatment on Lycopene Content in Tomatoes. Journal of Food
Science, 65, 791-795.

Antonius, F.G. and Kasperbauer, M.J., (2002). Color of Light
Reflected to Leaves Modifies Nutrient Content of Carrot Roots.
Crop Science 42:1211-1216.

Briardo Llorente, B., Martinez-Garcia, J.F., Stange, C., and
Rodriguez-Concepcidén, M., (2017). Illuminating Colors:
Regulation of Carotenoid Biosynthesis and Accumulation by Light.
Current Opinion in Plant Biology. 37:49-55.

Pietola, L., (1995) Effect of Soil Compactness on the Growth and
Quality of Carrot (Diss.). Publication Serie: Agricultural
Science in Finland Vol:4, No:2, pp:139-237.

Florent, P., Cécile, D.L., Yves, G., Sylvie, C., Sébastien, H.,
Anita, S., Valérie, L.C., Mathilde, B., Latifa, H., Didier, P.,
Séverine, G., and Emmanuel, G., (2017). Combined Alternaria
Dauci Infection and Water Stresses Impact Carotenoid Content of
Carrot Leaves and Roots, Environmental and Experimental Botany,
Volume:143, Pages:125-134.

Smolen, S. and Sady, W., (2009). The Effect of Various Nitrogen
Fertilization and Foliar Nutrition Regimes on the Concentrations
of Sugars, Carotenoids and Phenolic Compounds in Carrot (Daucus
carota L.). Scientia Horticulturae, 120(3):315-324.

Sorensen, J.N., (1999). Nitrogen Effects on Vegetable Crop
Production and Chemical Composition. Proceedings of the
International Workshop on Ecological Aspects of Vegetable

38


https://www.researchgate.net/profile/Jaime_Martinez-Garcia2?_sg=lFjE_tDqqWRqqsGe8PtXDLhQRhgAmTeQCQ-ciXcS1jY1xOhgPVOIMTGph1EL6jwo1hXs--Q.y-5EA8eCey-D7wbOh_-EamaTA-xi7aIj_89ytd86NqKJhDxuotqP0lt1cRKOe9ZNGnta_GNXwmRT3rUnuYKFJQ
https://www.researchgate.net/profile/Claudia_Stange?_sg=lFjE_tDqqWRqqsGe8PtXDLhQRhgAmTeQCQ-ciXcS1jY1xOhgPVOIMTGph1EL6jwo1hXs--Q.y-5EA8eCey-D7wbOh_-EamaTA-xi7aIj_89ytd86NqKJhDxuotqP0lt1cRKOe9ZNGnta_GNXwmRT3rUnuYKFJQ
https://www.researchgate.net/profile/Manuel_Rodriguez-Concepcion?_sg=lFjE_tDqqWRqqsGe8PtXDLhQRhgAmTeQCQ-ciXcS1jY1xOhgPVOIMTGph1EL6jwo1hXs--Q.y-5EA8eCey-D7wbOh_-EamaTA-xi7aIj_89ytd86NqKJhDxuotqP0lt1cRKOe9ZNGnta_GNXwmRT3rUnuYKFJQ

Karabacak, C.E. and Karabacak, H.,
Ecological Life Sciences (NWSAELS), 5A0113, 2019, 14(2): 29-39.

[45]

[46]

[47]

[52]

[53]

[57]

[58]

[60]

[61]

Fertilisation in Integrated Crop Production in the Field (pp:41-
49) .

Kiraci, S., Gonilal, E., and Padem, H., (2014). The Effects of
Different Mycorrhiza Species on Quality Properties of Organic
Carrot Growing. Journal of Tekirdag Agricultural Faculty Journal
of Tekirdag Agricultural Faculty, Volume:11] Number:1.

Smolen, S., Skoczylas, L., Ledwozyw-Smolen, I., Rakoczy, R.,
Liszka-Skoczylas, M., Kope¢, A., Pigtkowska, E., Biezanowska-
Kopeé¢, R., Koronowicz, A., Kapusta-Duch, J., and Sady, W.,
(2016) . The Quality of Carrot (Daucus carota L.) Cultivated in
The Field Depending on Iodine and Selenium Fertilization. Folia
Horticulturae, 28/2, pp:151-164.

Costa de Oliveira, V., Faquin, V., Carvalho Guimarées, K.,
Ribeiro Andrade, F., Pereira, J., and Guimardes Guilherme, L.R.,
(2018) . Agronomic Biofortification of Carrot with Selenium.
Ciénc. Agrotec. Vol:42, No:2, pp:138-147.

Mu, J., Cao, X., Liu, S., Guo, M., Bai, X., and Gao, X., (2011).
Effect of N, P, K and Organic Fertilizer Amount on Carotene
Content in Carrots. Notrhen Horticulture 2011-13.

Fikselova, M., Marecek, J., and Mellen, M., (2010). Carotenes
content in Carrot Roots (Daucus carota L.) as Affected by
Cultivation and Storage. Veg. Crops Res. Bul. 73:47-54.
Gebczynski, P., (2006). Content of Selected Antioxidative
Compounds in Raw Carrot and in Frozen Product Prepared for
Consumption. Electronic Journal of Polish Agricultural
Universities.

Wu, Z.R., Zhang, P., and Wang, Y.J., (2000). Dynamic Research
on B Carotene Contenet of Carrots During Culture. Acta
Agriculture Boreall-Sinica 2000-01.

Bagdatliodlu, N. and Demirbiker, B., (1999). Developments in
Carotenoids in Food Processing. Food. 9: 4851.

Morais, H., Ramos, A.C., Cserhédti, T., and Forgacs, E., (2001).
Effest of Flourescent Light and Va-cuum Packaging on the Rate of
Decomposition of Pigments in Paprika (Capsicum annuum) Powder
Determined by Reversedphase high-performance Liquid
Chromatography. Journal of Chromatography A, 936, 139-144.
Rodriguez-Amaya, D.B., (2001). Food Ca-rotenoids: Analysis,
Composition and Alterations During Storage and Pro-cessing of
Foods. Annals of Nutri-tion and Metabolism. Vienna. 45:27.

Koca, N., Burdurlu, H.S., and Karadeniz, F., (2007). Kinetics of
colour changes in dehydrated carrots. J. Food Eng., 78:449-455.
Simpson, K.L., (1985). Chemical Changes in Natural Food Pigments.
pp:409-443. In: Richardson, T. and Finley, J.W. (Eds), Chemical
Changes in Food During Processing, New York.

Lee, H.S. and Coates, G.A., (2003). Effect of Thermal
Pasteurization on Valencia Orange Juice color and Pigments.
Lebensmittel-Wissenschaftund- Tech., 36, pp:153-156.

Su, Q, Rowley, K.G, and Balazs, N.D., (2002). J Chromatogram B
Analyt Technol Biomed Life Sci. Dec 5, 781(1-2):393-418. Review.
PMID:12450671

Topuz, A. and Ozdemir, F., (2003). J. Agric. and Food Chem.,
51:4972-4977.

Chen, H.E., Peng, H.Y., and Chen, B,H., (1996). Food Chemistry,
57:497-503.

Chandler, L.A. and Schwartz, S.J., (1988). Isomerization and
Losses of Trans, carotene in Sweet Potatoes as Affected by
Processing Treatments. Journal of Agricultural and Food
Chemistry, 36, pp:129-133.

39



