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Introduction 
Carrots (Daucus carota L.) are a popular vegetable among children and adults due to their relatively cheapness, bright orange colour, source of provitamin A in the 

human diet and their pleasant flavour. Fresh vegetables although they maybe stored are often considered to be of a better quality than processed vegetables even 

though the processing conditions have minor impact on sensory parameters such as aroma and flavour.  

 

Aim 
The aim of the present study was to quantify the headspace volatiles of raw carrots stored up to 4 months at –24 ºC (frozen storage) and 1 ºC (cold storage) and to 

evaluate their significance to carrot aroma and flavour.  

Materials and Methods 
 

Plant material and sample preparation.  Winter carrots of cv. Bolero 

were harvested in November 1999 and divided into: 1) carrots that 

were immediately processed and stored at –24 ºC (frozen storage) and 

2) carrots that were stored at 1ºC at 98% relative humidity (cold 

storage) and then processed. Fifteen roots were manually peeled (1 

mm), topped and tailed (1-1.5 cm) and shredded (4.5 mm in diameter). 

Samples (300 g) were pre-cooled,  frozen at –50 C and packed in 

alufoil pouches and stored at –24 °C until use. 

Results and Discussion 
 

The terpenoids (monoterpenes, sesquiterpenes and irregular terpenes) 

accounted for >98% of the total volatile content in raw carrots (Table 

1). The concentration of volatiles changed only slightly during 4 months 

storage at −24 ºC, however, it increased 4 times during the same 

period at 1 ºC (Fig. 1).  

The carrot volatiles were divided into three odour classes (“carrot top”, 

“fruity” and “woody”) based on their olfactory description using GC-

sniffing (Table 1). -Pinene, β-pinene, sabinene, -phellandrene and 

p-cymene contributed with a “green”, “fresh” and/or  “pine” odour 

associated with “carrot top”. They seemed to be important contributors 

to the charateristic aroma of carrots together with -myrcene, which 

had a terpene-like odour (Table 1). Other consistent GC-sniff 

descriptors were the “fruity” and/or “citrus-like” notes for limonene, β-

phellandrene, -terpinene, terpinolene and caryophyllene oxide. They 

contributed to a “frutiy” aroma/flavour of the carrot headspace extract. 

Finally compounds as β-caryophyllene, α-humulene, β-bisabolene, (E)-

γ-bisabolene, β-ionene and myristicin with a “woody” and/or “sweet” 

odour could be important for the sweet aroma/flavour of carrots “spicy” 

but may also play an important role in relation to other characteristic 

flavours.   

 

It was in particular, the group of volatiles in the “woody” group that 

increased during cold storage. The concentration increased from 72000 

at harvest to 325000 ng/50 g/90 min after 4 months storage at 1 ºC 

(Fig. 1). The concentration of the volatiles in the “carrot top” and “fruity” 

groups also increased but to a less extend. At harvest the relative 

concentration of volatiles in the “carrot top” group was 13%, in the 

“fruity” group 27% and in the “woody” group 57%. After 4 months cold 

storage the distribution was 6%, 18% and 73%, respectively (Fig. 1).  

Although the carrots were considered mature at harvest, cold storage 

resulted in a considerable build up of carrot volatiles, which may add 

positively to carrot quality up to a certain level. The aroma changes 

during cold storage still need to be related to changes in the sensory 

aroma and flavour profile.      

Table 1. Concentration (ng/50 g/90 min) of volatiles in the headspace of  cv. 

Bolero stored 4 months at –24 ºC (frozen storage) and 1 ºC (cold storage).  

aMT: monoterpenes; ST: sesquiterpenes; IT: irregular terpenes; FAD: fatty acid derivatives; PP: phenylpropanoids. 
bCarrot top (carrot top/terpene-like); Fruity (fruity/citrus); Woody (woody/sweet).  
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Fig.1. The absolute (ng/50 g/90 min) and relative concentration of total and olfactory volatiles in 

the headspace of cv. Bolero stored up to 4 months at -24 ºC (frozen storage) and 1ºC (cold 

storage). Bars are ± standard error of mean (n=3). 

Dynamic headspace sampling. Every month, samples were taken for 

dynamic headspace sampling. Thawed carrot shreds (50 g) were 

placed in a wash bottle flask at 25 oC and connected to adsorbent 

traps (200 mg Porapak Q 50–80 mesh) and purged with N2 (150 

mL/min) for 90 min. The traps were eluted with CH2Cl2 and (E)-2-

hexen-1-ol was added as internal standard.  

Analysis and description of volatiles. Aroma compounds were 

quantified on a HP 5890 Series II GC and identified on a Varian Saturn 

2000 ion trap MS interfaced to a Varian Star 3400 CX GC. The 

volatiles were separated on a CP-WAX 52CB capillary column. The 

olfactory description was performed on concentrated samples using six 

trained panellists. 

StorageIdentified compounds
 a

Olfactory description Chemical

group
 b

Olfactory

group
 c

Frozen Cold

-pinene sharp, pine, carrot top MT Carrot top 1501 3237

camphene MT 131 323

-pinene pine, green, carrot top, MT Carrot top 1156 2694

sabinene carrot top,  fresh, herbaceous MT Carrot top 6787 10989

-phellandrene fresh, green, carrot top MT Carrot top 295 616

-myrcene terpene-like MT Carrot top 3709 4964

-terpinene MT 717 1460

limonene sweet, orange, citrus, fresh MT Fruity 2078 4297

-phellandrene fruity MT Fruity 1069 1658

-terpinene herbaceous, citrus, fruity MT Fruity 8252 24170

(E)--ocimene MT 292 944

p-cymene carrot top MT Carrot top 3045 3626

terpinolene sweet, fruity, citrus MT Fruity 18198 47639

octanal FAD 12 143

6-methyl-5-hepten-2-one herbaceous, green IT 244 12

-copaene ST 188 970

camphor MT 8 166

-caryophyllene woody, spicy ST Woody 55740 279008

thymol methyl ether MT 228 1420

aromadendrene ST 154 664

(Z)--farnesene ST 11 79

-humulene sweet, woody ST  Woody 3133 13483

(E)--farnesene ST 227 2740

valencene ST 42 376

borneol MT 12 381

-terpinyl acetate MT 112 605

(E,E)--farnesene ST

-bisabolene sweet ST Woody {353 {3069

(E)--bisabolene sweet, earthy ST Woody 2608 28983

(Z)--bisabolene fatty ST 746 6506

-ionone sweet, floral IT Woody 65 39

caryophyllene oxide citrus ST Fruity 48 189

eugenol PP 17 86

myristicin sweet, spicy PP Woody 193 178

total volatiles 111089 445711


