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Variation in Carotenoid Composition in Carrots during Storage and Cooking
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Abstract
High-performance liquid chromatography (HPLC) was applied to determine the carotenoid composition of carrots 

during storage and cooking. Analyses were conducted immediately after harvest and 1, 2, 4, and 8 weeks after 
harvest. During the course of the storage, the carotenoid levels generally decreased, and this decrease was found 
to be greater during the first week for β-carotene (all-trans-β-carotene) and lutein, and during the second week 
for α-carotene. Additionally, the amount of the α- and β-carotenes in carrot leaves changed slightly within the 
first 2 weeks of harvest when stored at 4oC. Specifically, the level of lutein, the main component of carrot leaves, 
increased from 233.8±11.7 to 346.2±26.7 μg/g DW during the first 2 weeks. In addition, the change in carotenoid 
contents was observed during the home-processing of one Korean cultivar. Carrots fried in oil showed the highest 
amount of β-carotene (164.3±6.6 μg/g DW) and α-carotene (50.1±0.4 μg/g DW), while carrots that were prepared 
by sautéing, pressure-cooking in water and microwaving had the second highest levels. The greatest loss of in 
carotenoids occurred in response to boiling in water containing 1% NaCl, braising and baking. The content of 
lutein increased slightly after boiling in water containing 1% NaCl (9.3±0.4 μg/g DW), while a loss in lutein 
occurred after preparation using other home-processing methods. A cis-isomer of all-trans-β-carotene, 13-cis-β
-carotene, was present in detectable amounts in all processed samples, but not in raw roots. Another isomer, 
9-cis-β-carotene, was detected in carrots that were prepared by boiling, frying and pressure-cooking.
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INTRODUCTION

Carrots are the roots of Daucus carota L. (Apiaceae) 
and an important dietary source of carotenoids such as 
α- and β-carotenes (provitamin A). While carotenoid 
pigments are essential for photosynthesis and function 
as attractants in some higher plant organs, their health 
benefits to humans and animals are becoming increas-
ingly apparent (1,2). For example, there is a great deal 
of evidence that these pigments act as antioxidants and 
protect humans from serious disorders such as skin de-
generation and aging, cardiovascular disease, certain 
types of cancer and age-related diseases of the eye, such 
as macular degeneration or cataracts (3-5). Indeed, the 
lutein extract from marigold flowers has recently been 
used as a supplementary nutrient to maintain the health 
of eyes.

As a food material, carrots are usually stored in do-
mestic refrigerators for several weeks and home-proc-

essed using various cooking methods. However, car-
otenoids are known to be labile to light or heat, oxygen 
and acids. Indeed, evaluation of the Japanese carrot vari-
ety Kintoki revealed that 20% of β-carotene (all-trans-β- 
carotene) content was lost within eight weeks of cold 
storage, and the content was found to decrease slightly 
after blanching at 90oC (6). Another study found that 
food processing reduced carotenoid contents in food ma-
terials and changed their chemical conformation (7). 
Additionally, the carotenoid content was found to de-
crease with increasing storage period in cooked carrots, 
and the 9- and 13-cis carotenoid isomers were the major 
components formed during storage (8). Although there 
have been several other reports conducted to evaluate 
the stability of carrots under different storage conditions, 
these studies do not provide much information regarding 
the stability of lutein or effect of various home-process-
ing methods (9-11). In the present study, the stability 
of the major carotenoids in carrots was evaluated during 
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cold storage and several cooking processes by high-per-
formance liquid chromatography (HPLC). The nutrient 
value of fresh carrot leaves was also evaluated.

MATERIALS AND METHODS

Storage condition
Freshly harvested carrots (Daucus carota L. cv. 

Bibari) grown in Kimhae, Korea, were purchased from 
the field in November, 2007. Prior to storage, the carrot 
leaves were cut, after which the roots and leaves were 
transferred to storage chambers set at 4oC. Triplicate 
roots were then taken from the chamber, washed and 
freeze-dried for carotenoid analysis after 1, 2, 4, and 8 
weeks. Leaves were analyzed after one and two weeks 
of storage. All of the lyophilized samples were stored 
at -80oC until analysis.

Home-processing methods
Commercial carrots (average weight about 250 g) pur-

chased from a local market in January, 2008 were used 
in this experiment. Carrots were washed with tap water 
and dried with kitchen towels. Triplicate roots were then 
peeled and cooked by each home-processing method. 
After cooking, all samples were allowed to stand at room 
temperature for 30 min and then freeze-dried.

Baking: Samples (one root divided into 6 pieces) were 
wrapped with aluminum foil and then baked for 20 min 
in a microwave oven range (LG-MZ-945TL) that had 
been preheated to 200oC.

Boiling: Three chopped fresh roots (one root divided 
into 6 pieces) were boiled for 15 min in distilled water 
(100 mL) containing 1 g of salt.

Braising: Distilled water (100 mL) was mixed with 
10 mL of soy sauce and 3 g of sugar. Carrots (one root 
divided into 6 pieces) were added to an open pot of boil-
ing water and braised for 15 min.

Frying: Fresh carrots were chopped into 0.7×1×5 
cm pieces and then fried at 170oC for 3 min in 300 mL 
of oil.

Microwaving: Carrots were placed onto a plate and 
cooked at high heat for 10 min in a microwave oven 
with a power rating of 2450 MHz (Daewoo-KOR-6355).

Pressure-cooking: Carrots were cooked at medium 
heat for 5 min in a pressure cooker (Kitchen Sense) con-
taining 100 mL of distilled water and 1 g of salt.

Sautéing: Carrots were chopped into 0.3×0.5×5 cm 
pieces and then sautéed for 5 min with 5 mL of oil and 
1 g of salt.

Carotenoid analysis
All extraction procedures were conducted under sub-

dued light to avoid degradation loss of the pigments. 
Two hundred fifty milligrams of the lyophilized samples 
were homogenized using a pre-chilled mortar and a pes-
tle with 5 mL of acetone (0.01% butylated hydrox-
ytoluene, BHT), sea sand, Na2SO4, and NaHCO3. 
Extraction with acetone was repeated until the matrix 
became colorless. The extract was then centrifuged at 
5,000 rpm for 5 min, after which the supernatant was 
filtered through a 0.45 μm membrane filter (Whatman, 
PTFE, 13 mm) and then subjected to HPLC analysis. 

HPLC analysis was conducted using an Agilent 1100 
HPLC system (Hewlett-Packard, Waldbronn, Germany) 
that consisted of a temperature controlled autosampler, 
column oven and binary pump. Ten-microliters of stand-
ard or sample solutions were directly injected onto a 
YMC C30 carotenoid column (3 μm, 4.6×250 mm, Japan) 
with solvent A [methanol : tert-butylmethyl ether : water 
(81:15:4, v/v)] and solvent B [methanol : tert-butyl-
methyl ether : water (6:90:4, v/v)] using a step gradient 
elution of 100% solvent A for the first 15 min, then 
100% solvent A to 100% solvent B over the next 35 
min. A conditioning phase (50～60 min) was then 
employed to return the column to its initial state. The 
flow rate was 0.7 mL/min and the column temperature 
was 22oC. The eluent was detected at 450 nm using an 
UV-Visible detector. The Chemstation software (Hewlett- 
Packard, Avondale, CA, USA) was used to operate this 
HPLC-DAD system.

Carotenoids were quantified using an external calibra-
tion method. Briefly, 1 mg of each standard was dis-
solved in 10 mL dichloromethane containing 0.01% 
BHT. Working calibration solutions (50, 20, 10, 5.0, 2.5, 
1.0, 0.50, 0.25, 0.10, 0.025 µg mL-1) were then prepared 
by diluting the stock solution of the external standards. 
Standards of lutein, 13-cis-β-carotene, α-carotene, all- 
trans-β-carotene and 9-cis-β-carotene were purchased 
from CaroteNature (GmbH, Lupsingen, Switzerland). 
Under these chromatographic conditions, standard car-
otenoids produced peaks at tR (min), 21.3 for lutein, 37.0 
for 13-cis-β-carotene, 37.5 for α-carotene, 39.3 for 
all-trans-β-carotene and 40.7 for 9-cis-β-carotene. 
Methanol, water and tert-butylmethyl ether used in the 
HPLC system were all HPLC grade and other chemicals 
used in the carotenoid analysis were extra grade.

Statistical analysis
All contents were expressed as the means±standard 

deviations (SD) of triplicate determinations. Differences 
among samples were evaluated by one-way analysis of 
variance (ANOVA). The values were evaluated at the 
5% significance level using two-sided tests.
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Table 1. Linear ranges and correlation coefficients of calibration curves
Compounds Range (μg/mL) Slope (a)1) Intercept (b)2) Regression (r2) LOD (ng)
Lutein
13-cis-β-Carotene
α-Carotene 
all-trans-β-Carotene 
9-cis-β-Carotene

0.03
0.03
 1.0

1.0
0.03

～12.5～12.5～50～50～12.5

141.9
219.5
234.9
204.1
164.1

 7.627
-13.23
-19.60
-32.79
-5.469

0.9998
0.9996
0.9978
0.9998
0.9968 

～0.1～0.1～0.1～0.1～0.1
1,2)Slope and intercept represent a and b in the Y=ax+b linear model. Y indicates the peak area and x indicates the concentration.

RESULTS AND DISCUSSION

Carotenoid analysis
All-trans-β-Carotene and α-carotene are two major 

carotenoid components of carrots. The third principle 
carotenoid, lutein, is an oxygen containing xanthophyll 
biosynthesized from α-carotene. 13- and 9-cis-β-carotenes 
are known to be formed during cooking processes (Fig. 
1) (8,12); therefore, in this study, HPLC was applied 
to determine the contents of these five carotenoids.

Calibration curves were constructed on three consec-
utive days by analysis of a mixture containing various 
concentrations of the five carotenoids and then plotting 
the peak area against the concentration of each reference 
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Fig. 1. Structures of carotenoids used in this study.

standard (Table 1). The curves showed good linearity 
and the correlation coefficients were found to be in the 
range of 0.997～0.999 for all compounds over the fol-
lowing concentration ranges: 0.03～12.5 μg/mL for lu-
tein, 13- and 9-cis-β-carotenes, and 1～50 μg/mL for α- 
carotene and all-trans-β-carotene. Additionally, the co-
efficient of variance (CV) was less than 10% for the 
intra-day assays, but less than 19.2% for the inter-day 
assays. These results may have been due to the in-
stability of the carotenoids. The recovery of five car-
otenoids was assessed by spiking the samples with high 
(5,000 ng) and low (50 ng) concentrations of each refer-
ence compound. The average recoveries were between 
85.4 and 104.7% (n=3). The limits of detection (LOD) 
were determined by serial dilution based on a sig-
nal-to-noise (S/N) ratio of 3:1 (Table 1).

Variation in carotenoid composition during cold 
storage

Carrots are generally consumed at home within several 
weeks of harvest, while fresh carrot leaves are discarded 
upon harvest and recycled as manure. In this study, the 
carotenoid composition of carrots and carrot leaves dur-
ing cold storage was determined. Analyses were con-
ducted at the time of harvest and 1, 2, 4, and 8 weeks 
after harvest. For carrot leaves, the analyses were con-
ducted at the time of harvest and 2 weeks after harvest. 
The leaves wilted after 2 weeks. During the experimental 
period, the carrots were stored in a domestic refrigerator 
at 4oC.

The carotenoid levels in the carrots generally de-
creased during the storage period, and this decrease was 
found to be greater during the first week for all-trans-β
-carotene and lutein, while it was greater during the sec-
ond week for α-carotene. Within eight weeks of cold 
storage, the raw carrots lost approximately 53% of their 
initial total carotenoid content. Additionally, the all- 
trans-β-carotene content (503.4±27.5 μg/g DW) was re-
duced to about 48% (260.1±18.9 μg/g DW), while 59% 
of the α-carotene (296.6±11.7 μg/g DW) and 60% of 
the lutein (26.8±1.1 μg/g DW) was lost (Fig. 2). These 
results were consistent with the results of previous stud-
ies (9-11). 
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The amount of α- and β-carotenes in carrot leaves 
changed slightly within the first 2 weeks of storage at 
4oC. Specifically, the level of lutein, the main component 
in carrot leaves, increased from 233.8±11.7 to 346.2 
±26.7 μg/g DW during this period (Fig. 2). Although 
many studies have evaluated the carotenoid level of car-
rots, there have been no similar studies conducted to 
evaluate the carotenoid composition of carrot leaves. 
Generally, commercial supplementary nutrient products 
containing natural lutein are produced from the ex-
traction of marigold flowers. Marigold flowers have con-
centrations of lutein esters of up to 161.0～611.0 mg/100 
g of flower DW, which is more than ten times higher 
than the content in carrot leaves (13). However, consid-
ering the amount of carrot leaves discarded in the field 
every year, these results show that carrot leaves may 

Fig. 2. Carotenoid stability in carrots during cold storage. 
Harvested and detached roots of a carrot variety, Bibari, were 
stored at 4oC in the dark for 0 (CT), 1 (R1W), 2 (R2W), 4 
(R4W) and 8 weeks (R8W). Detached carrot leaves were stor-
ed under the same conditions for 0 (L0) and 2 weeks (L2W). 
The carotenoid contents are given as the means of three deter-
minations of up to three different roots or leaves. Different 
letters indicate a significant difference (p<0.05) among samples.

be a potential new source of lutein.
It should be noted that 13- and 9-cis-β-carotenes 

which are known to be formed in heating process were 
not detected in these fresh roots and leaves throughout 
the experimental period (14).

Variation in carotenoid composition during cooking
Several representative cooking methods were applied 

to determine the variation of carotenoid content that oc-
curs during processing (Fig. 3). Carrots fried in oil showed 
the highest amount of all-trans-β-carotene (164.3±6.6 
μg/g DW) and α-carotene (50.1±0.4 μg/g DW), while 

Fig. 3. Carotenoid stability in carrots during home-processing.
The carotenoid contents are given as the means of three deter-
minations of up to three different roots. Different letters in-
dicate a significant difference (p<0.05) among samples.
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carrots that were prepared by sautéing, pressure-cooking 
in water and microwaving showed the second highest 
levels of these compounds. The greatest loss of these 
carotenoid components occurred during boiling in water 
containing 1% NaCl, braising and baking. These results 
showed that the loss of two major carotenoids from car-
rots might be correlated with the processing time. 
Specifically, longer exposure to heat and aquatic con-
ditions may have resulted in a greater loss of these 
compounds. Conversely, the lutein content increased 
slightly after boiling in water containing 1% NaCl 
(9.3±0.4 μg/g DW), while it was reduced after prepara-
tion using the other home-processing methods. 

During microwaving, the loss of lutein content was 
greater than the loss of α- and β-carotenes. This result 
is consistent with the results of a previous study in which 
the microwaving process decreased the lutein content 
more than the α- and β-carotene contents (15). A cis-iso-
mer of all-trans-β-carotene, 13-cis-β-carotene, was pres-

Fig. 4. Representative HPLC chromatograms recorded at 450 
nm for measurement of carotenoid composition in the cooked 
carrots. (A) carrots before processing (control); (B) boiled car-
rots; (C) pressure-cooked carrots. The numbers of each peak 
indicate the following: 1, lutein; 2, 13-cis-β-carotene; 3, α- 
carotene; 4, β-carotene; 5, 9-cis-β-carotene.

ent in detectable amounts in all processed samples, but 
not in raw roots, which indicates that 13- and 9-cis-β
-carotenes were formed during the cooking process. The 
greatest amounts of this isomer were formed during the 
pressure-cooking process (22.9±3.5 μg/g DW). The 
content of 13-cis-β-carotene in other cooked samples 
was between 7.8±2.4 μg/g DW and 14.2±2.7 μg/g DW 
(Fig. 4). Another isomer, 9-cis-β-carotene, was detected 
in boiled, fried and pressure-cooked carrots at levels of 
4.8, 4.3, and 4.7 μg/g DW, respectively. 

Overall, the results of this study demonstrated that the 
carotenoid content of carrots did not differ significantly 
after two and eight weeks of cold storage. These results 
also demonstrated that all-trans-β-carotene, the major 
carotenoid in raw carrots, was retained in high levels 
when carrots were prepared using short-time processing 
methods.
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