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Volarilesproduced during rlre blnncliing process of Brussels sprouts (Brassica oleracea 
L liar gemrnifera DC) lond cauliflower (Brassica oleracea L oar' botrytis suhrar 
cauliflora DC) in lohorrrtorj~ and itidusrrinl condi/ions iveri' idenrrJ7ed. T1i;ol.s. 
sirlphides, poljirulpliid~~s. isorhioc).anarcs. nitriles, carbon,vl co~i i~~uu~~ds,f i rrar ls ,  esters 
arid terpenes were identifed in the lieod spnce of both oegetahles. Isorhiocyanutcs 
nnd nirriles were prcdloininorir in Brussels sprouts whereas aldi+j,des were rhr niosr 
abundant caulipoiccr volariles. Several volatiles iwre idenrifed for the Jrst riiiie. 
2-Merli.1~lburj~l isothiocj~onnle and 3-~iietlf?.lperirane,liri/e, bri,nkdoiw producrs of 
2-ri~etlr~.lbutylglucosi~iolare, w r e  idenrified in the head space oJ Brussels sprouts. 
The presence of this gliicosinolare in Brussels sprorrrs has nor preuiou.ily hrcn reported. 

Samples were taken in laboratory conditions and in an  industrial blanching 
installation. For laboratory-scale experiments a three-necked glass flask (2 litres) 
was provided with a glass tube allowing supply of helium gas, a thermometer and 
a small water condenser. Tenax tubes (0.75 g per tube) were mounted on top of 
the condenser. The adsorption tube outlet was connected with a wet volumc meter. 
One litre of distilled water was placed in the flask and heated to 90°C. Raw 
vegetables were added, the system was closed and helium gas ( 0 5  litre min- ')  
was bubbled through the flask to transfer volatiles lo the adsorption tube. In the 
industrial process, fume hoods are constructed above the inlet and outlct of the 
rotary drum. Blanching vapours are evacuated via these fume hoods. A Teflon 
tube was put in the waste gas duct and connected wjith a Tenax GC tube to take 
usaste gas samples. 

Interpretation or mass spectra u'as bascd on literature data and analyses or 
referencc compounds, which u'ere normally bought lrom local suppliers. Propyl, 
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2-mcthylpropyl. I-methylpropyl. I-mcthylhutyl and 2-methylbutyl isothiocyanates, 
2-methyl and 3-niethylpentancnitrilc wcrc prcpiircd according to nielhods 
described by Furiiiss el ( I /  (1969). 

Although there is :I great siniilarity in lhc cliemiciil nature of volatiles in both 
vegetables, diilercnccs i n  relntivc composition are obvious. I n  Brussels sprouts. 
breakdown products from glucosinohtcs (isothiocyanatcs and nitriles) are 
predominant. These groups represcnt ' 87.6% of volatiles in  the laboratory 
experiments and 91.8"/' ofvolatiles in industrial samples. I n  cuuliflowcr. aldehydes 
a re  7 0 8 %  of head space volatiles in laboratory experiments and 75.1% ofvolatiles 
in industrial samplcs. Glucosinolate breakdown products and organic sulphur 
compounds represent 15% of cauliflower vo1:itiles. 

Dimethyl disulphide is the most abundant sulphur compound in both Brussels 
sprouts and cauliflower, This compound contributes about 10% to the head space 
composition of cauliflower and 2.8% only in Brussels sprouts. Of all sulphur 
compounds dctected, carbon disulphide was identified for the first time in both 
vegetables, and dimethyl tetrasulphide was identified for the first lime in Brussels 
sprouts. 

lsothiocyanates and nitriles originate from glucosinolates. In  the presence of 
myrosinase, glucosinolates are hydrolysed to P-o-glucose, sulphate, sulphur and 
organic compounds. In neutriil pH conditions formation of isothiocyanates is 
favoured. In acid conditions and in the presence of ferrous ions! nitriles are 
predominant. Prop-2-enyl isothiocyanate, hut-3-en)] isothiocynate and the 
corresponding hut-3-enenitrilc and pent-4-enenitrile are the most abundant 
breakdown products of glucosinolates in Brussels sprouts and cauliflower. Other 
isothiocyanates and nitriles that were identified are only minor compounds. 

Methylglucosinolate is characteristic for the Capparaceae. Present results 
indicate the presence of this glucosinolate in Brussels sprouts and cauliflower. 

Propyl isothiocyanate was identified based on the similarity of the spectrum of 
the compound in the sample and the spectrum of the reference compound. The 
experimentally determined Kovats retention index of propyl isothiocyanate (869) 
also agreed with the retention index of the unknown. 

Based on the mass spectrum of the reference compounds synthesised, their 
retention indices (I-methylpropyl isothiocyanate: 900. and 2-methylpropyl 
isothiocyanate: 932) and the spectra published by Kjaer el a /  (1963), it was 
concluded that 2-methylpropyl isothiocyanate was present in Brussels sprouts. I t  
was not detected in cauliflower. 

2-Methylbutyl isothiocyanate has not been reported as a head space volatile in 
Brussels sprouts or cauliflower. Identification was based on comparison of the 
spectra with reference compounds and on Kovats indices (2-methglbutyl 
isothiocyanate: 1032). Next lo the  isothiocyanate, the corresponding 3-methyl- 
pcntancnitrile was identified in Brusscls sprouts. (Kovats index for 2- 
mcthylpentanenitrile: 192; 3-methylpentanenitrile: 876). Both 2-methylbutyl 
isotliiocyanaie and 3-niethylpentanenitrile originate from the same precursor, 
2-methylhutylglucosinolate. 

Aldehydes are predominant in cauliflower. Aldehydes show a very specific 
pattern, with high re1:itive amounts ofoc tana l  and nonanal. Nasirullah el a /  (1984) 
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dctcrmincd fatty acid composition ol lipids from ediblc parts of vegetables. Plant 
t01:il lipids content wits 0.18% lor Brussels sprouts and 0.28%' lor cauliflower. 
Both veget:tbles are rich in linolenic acid (58.7% of total fatty acids for Brussels 
sprouts and  48.9%) for cauliflower). Small variations in the fatty acid composition 
from Brussels sprotits and cauliflower cannot explain the dilfercncc in head space 
volatile coinposition. Probably aldehydes are produced by lipoxygeniise activity. 
Pentanal, liepianal, non-2-ena1, methylbutanone and 3-methylpentan-2-one were 
not previously identified as cauliflower volatiles. Hexanal, octanal, hex-2-enal. 
propanone and butanedione have been identified in Brussels sprouts (MacLeod 
and MacLeod 1970; MacLeod and Pikk 1979). All other carbonyl compounds in 
Table 1 were identified for the first time as Brussels sprouts volatiles. 

TABLE 1 
Volatiles identified in Brussels sprouts and cauliflower blanching vapours. 

Relative composition ("A) 

coillp~lu,,ds Brussels .xprours Cairlif(owr 
Lab hld h h  h d  

I .  Organic sulphur compounds 
Carbon disulphide 
Melhanethiol 
Propanelhiol 
Dimethyl sulphide 
Methyl propyl sulphide 
Dimethyl disulphide 
Dimethyl trisulphide 
Dimethyl telrasulphide 

Methyl ITC 
Prowl ITC 

2. lsothiocyanates (ITC) 

2-M.eihylpropyl ITC 
2-Methslbulvl ITC 
~rop-2-iny1 iTC 
But-3-enyl ITC 

Acetonitrile 
3-Methylbutanenitrile 
?-Methylpentanenitrile 
But-3-enenitrile 
Pent-4-enenitrile 
Phenylacetonitrile 

4. Aldehydes 
Elh:in;il 
Propanal 
Pcntanal 
Hexanal 
Heptanal 
Octanal 

3. Nitriles 
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+ 
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I n  conclusion. under blanching conditions alkenyl isothiocydnatcs and alkcnyl 
nitriles are the most abundant glucosinolale degmd;ition products in Brussels 
sprouts and caulillowcr. Small amounts of alkyl isothiocynn:ites and alkyl nitriles 
were also dotcctcd. Results indicate Ihe presence or 2-metliylbutylglucosinolate. 
which has not prcviously been detected in Arussels sprouts. Next to flucosinolate 
breakdown products aldehydes and organic sulphur compounds are important 
head sp:ice volatiles, especially in cauliflower. Although there are minor diflerences 
in composition, there is a good qualitative similarity between the head space 
volatiles sampled in laboratory conditions and in the industrial blanching process. 
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