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Carrot (Daucus carota L.) is considered one of the vegetables whose consumption, both fresh and processed, has increased

over the past years due not only to the nutritional and health benefits this vegetable provides, but also to the introduction of new

carrot-derived products (1). In addition, its pleasant flavour is one of the main reasons for its acceptance by consumers; volatiles

(mainly terpenes and sesquiterpenes) and sugars being the main compounds that account for the distinctively carrot-like flavour.

Dehydration by hot-air is commonly used to provide vegetables with longer shelf life and/or new characteristics. However, the

quality of dehydrated samples might also be negatively affected after this process (2). Apart from drying conditions, other sample

pretreatments such as blanching might influence the quality of the final dehydrated product. Among others, changes in the vitamin C

content, volatile and carbohydrate composition have been described after blanching of different vegetables including carrots (3, 4).

Application of alternative blanching methods such as ultrasound (US) and/or optimization of drying conditions may result in

processed vegetables with better flavour, nutritive and bioactive characteristics. In the case of carrots, no previous research has been

carried out to evaluate the potential of US as an alternative to conventional blanching for preservation of vitamin C content and

sensory attributes of carrots.

INTRODUCTION

MATERIALS AND METHODS

OBJECTIVES

The main objectives of this work have been:

(i) The evaluation in hot-air dried carrots of changes of vitamin

C and of sensorial properties associated with a previous

US or conventional blanching.

(ii) The study of mass spectral fingerprints obtained by the

Headspace ChemSensor System (MS-electronic nose) for

classification of carrot samples according to their processing.
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Sample code
Carrot

geometry1
Blanching conditions

Drying 

time (h)

CS-2 Sliced Steam (98ºC, 2 min) 0

CB-1 Sliced Boiling water (98ºC, 1 min) 0

C95-5 Sliced Hot water (95ºC, 5 min) 0

C60-40 Minced Hot water (60ºC, 40 min) 0

USP60-10 Minced US probe (up to 60ºC , 10 min) 0

USP70-15 Sliced US probe (up to 70ºC , 15 min) 0

D-CS-2 Sliced Steam (98ºC, 2 min) 9

D-CB-1 Sliced Boiling water (98ºC, 1 min) 9

D-C95-5 Sliced Hot water (95ºC, 5 min) 9

D-C60-40 Minced Hot water (60ºC, 40 min) 7

D-USP60-10 Minced US probe (up to 60ºC, 10 min) 7

D-USP70-15 Sliced US probe (up to 70ºC, 15 min) 9

Processed carrot samples

40 g carrots: 200 mL H2O

20 KHz, 400 W,

tip 13 mm diameter
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1Minced : 1-2 mm; Slices: 24 mm diameter, 4 mm thickness

US probe blanching Total vitamin C (ascorbic + dehydroascorbic acid)

• Carrot extracts (0.25 g carrots + 12.5 mL 0.4% oxalic acid)

• Ultra-Turrax homogenizer (13500 rpm, 1 min)

• Addition of D,L-dithiothreitol (reducing agent) (2.5 mL , 5 mgmL-1)

• Stand at room temperature (darkness) for 30 min

• Dilution with H2O till 25 mL

• Centrifugation (3200 g, 5 min) and filtration (0.45 µm).

• RP-HPLC-DAD analysis

ACE 5 C18 column (250 mm, 4.6 mm i.d., 5 µm)

Mobile phase: 5 mM KH2PO4 (pH=3)

T = 25ºC

Flow: 1 mLmin-1

Chemsensor (MS e-nose) (5) 

• Headspace sampling:

0.3 g dehydrated carrot + 300 µL H2O

Heating (120ºC, 30 min)

Loop: 3 mL

• Mass spectrometer: 70 eV, m/z: 50-200

Matrix of m/z abundances

Mass spectral fingerprints

Convective air-drying

80 g blanched carrots

T = 46ºC

Air rate = 4.9 ms-1

DM content = 85-89%

Conventional blanching

40 g carrots: 200 mL H2O

Hot water (heating plate)

Water steam (autoclave)

RESULTS AND DISCUSSION

Carrot

samples

Vitamin C

Content (mg/100 g DM) 

(average ± s.d.)

Retention 

(%)

Raw 35.57  4.20a* 100

CS-2 28.88  0.10d 81.2

CB-1 30.24  0.82d 85.0

C95-5 13.33  1.35c 37.5

C60-40 0.48  0.01b 1.3

USP60-10 0.25  0.02b 0.7

USP70-15 1.31  0.18b 3.7

D-CS-2 14.30  0.22c 40.2

D-CB-1 18.77  1.40f 52.8

D-C95-5 7.32  0.17e 20.6

D-C60-40 tr -

D-USP60-10 tr -

D-USP70-15 1.05  0.27b 2.9

Effect of conventional/US blanching and further convective drying on vitamin C content
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• The highest vitamin C retention was found for samples

subjected to mild conventional blanching conditions (CB1

and CS-2).

• Preservation of vitamin C in carrots is greatly affected by

conditions of hot water blanching (temperature, time,

sample geometry).

• No significant differences were found in the vitamin C

content of samples subjected to LTLT conventional

blanching (C60-40) and those processed with US probe

(USP60-10 and USP70-15).

• Vitamin C losses associated with drying were similar

for samples D-CS-2, D-CB-1 and D-C95-5.

• Destruction of thermolabile vitamin C in carrots was

mainly due to the effect of drying time, since drying

temperature was rather mild (46ºC).

Sensory evaluation

Carrot samples
Score

(mean ± s.d.)

D-C60-40 3.7 ± 0.9a*

D-USP60-10 3.2 ± 1.0a

D-CS-2 3.0 ± 1.2 a

D-CB-1 3.6 ± 1.0 a

D-C95-5 3.5 ± 1.3 a

D-USP70-15 3.5 ± 1.2 a

* Samples with the same superscript showed no statistically significant differences for

their mean values at the 95.0% confidence level.

•Samples with the same superscript showed no

statistically significant differences for their mean

values at the 95.0% confidence level.

• In the triangle test, samples D-C60-40 and D-USP-60-

10 could not be distinguished in relation to the flavour and

texture.

• Hedonic scale: No significant differences were found in

the scores of the different samples compared.

• The low scores obtained for rehydrated carrots could be

explained by the unavoidable changes in carbohydrates,

volatiles, etc with blanching .

• Panellists highlighted the difficulty of the test since the

assayed samples presented similar attributes and overall

quality, despite their different blanching processing.

• Results from sensory evaluation were similar for carrots

blanched by conventional methods or by US.

Chemsensor

CONCLUSIONS
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Principal Component Analysis (PCA)

 Carrots conventionally blanched at high temperature and short time showed the highest retention of

vitamin C.

 Dehydrated samples previously subjected to US blanching showed acceptable organoleptic quality, similar

to that of carrots conventionally blanched.

Chemsensor methodology allowed the differentiation of carrots indistinguishable for the taste panel.

• Higher impact of blanching over dehydration

conditions on volatile composition of carrots.

• A descriptive line shows the discrimination

between groups according to their vitamin C

content.

Soft Independent Modelling Class Analogy (SIMCA) 

Coomans plots

• Carrots subjected to similar blanching

treatments (CS-2 and CB-1) were properly

separated.

• Different treatments (C60-40 and USP60-

10) giving rise to the same chemical changes

were also correctly classified.

• Similar results were obtained for

dehydrated blanched carrots.

• Blanching conditions were the

predominant factor affecting the global

volatile composition of carrots.
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Multivariate data analysis (PCA and SIMCA)

Sensory evaluation

Dried

carrots

Rehydration

(carrot: boiling water = 1/30)

10 min

Triangle test procedure

(ISO Standard 4120)

Taste panel 

(14 semi-trained judges)

Balanced 8-point hedonic rating

1 2 3 4 5 6 7 8

“Like very much” “Dislike very much”
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