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A B S T R A C T

Sulforaphane is produced from the hydrol ysis of the gluco sinolate gluco raphanin in the 

presence of the endoge nous enzyme myr osinase. Sulforaphane has been sho wn to pro vide 

cancer pre vention through a number of mechanisms including the upre gulation of detox- 

ification enzymes and epigenetic changes. Optimal temp er ature and pH for sulforaphane 

formation from broccoli was determi ned. Sulf ora phane formation was measured in three 

commerciall y frozen broccoli samples pre- and post-cooking. The results sho w that in 

these products, there was ver y little potential to form sulforaphane prior to cooking and 

essentially none after the recommended cooking method was performe d. Researc h is 

needed to war ds impro ved processing methods.

� 2013 Else vier Ltd. All rights reserv ed.

1. Intro duction 

Fr esh broc coli contains my rosinase , an enzyme whic h, in the 

pre sence of water , con ve rts the glucosi nolate gluco raph anin 

into the bioacti ve compound sulfor aphane . Sulfor aphane 

has been sho wn to be a potent cancer -pr eve ntati ve com- 

pound acting as a str ong inducer of phase II detoxification en- 

zymes (Zhang, Talala y, Cho , & Posner , 1992 ; Jef fery & Ar aya ,

2009). Recent work has also sho wn that br occoli spr outs,

whic h pro duce high concentr ations of sulfor aphane 

upon crushing, can assist in the mana gement of inflam-

mation caused by type 2 dia betes (Mirmir an, Bahador an,

Hosseinp anah, Ke yzad, & Azizi, 2012). Blanc hing is a common 

pra ctice used in fro zen ve geta ble pro cessing, wher e heat in 

the form of wate r or steam, is used to inacti va te de grad ativ e

enzyme s to pro long the shelf life of the pro duct (Andr ess &

Harrison, 2006). The temper atur e and time used can vary ,

but most common ly loss of activ ity of the thermall y sta ble 

enzyme perox idase is used as an indication of blan ching 

thor oughness (USD A, 1975 ). Use of the enzyme per oxidase 

as an indicator enzyme has come under criticism, since it 

does not pla y a dire ct role in de gra dation during fro zen stor -

age (Barr ett & Theer akulkait, 1995 ). Also , when bl anch ing to 

inacti va te perox idase , unnecess ary nutr ient and pro duct deg -

radation ma y occur (Lim, Velasco , Pangborn , & Whitake r,

1989). The broc coli enzyme myr osinase is not thermall y sta- 

bl e, sho wing 90% deg rad ation when held at 60 �C for 10 min 

(Van Eylen, Oe y, Hendr ickx , & Van Loe y, 2007 ). Blanc hing 
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pro tocols follo wing industria l pra ctices can rea ch conditions 

that well exceed this time and temper ature (Lund, 1977 ). Cou- 

pled with the cooking pro cedur es that fro zen br occoli under -

goes, this pro cess far exceeds the re ported temper ature 

sta bility of the br occoli enzyme my rosin ase (activity deter -

mined using sinigrin as substr ate). Ther efor e we hypothe- 

sized that commer cial heat pro cessing for fro zen broc coli 

pro duction would slo w or pre vent the formation of 

sulfor aphane .

2. Ma ter ials and methods 

Thr ee br ands of fro zen br occoli were purc hased fro m a local 

gr ocer y store (Meijer). These were the onl y availab le broc coli 

pro ducts which were not mixed with a seasoning or sauce .

Sample s of each wer e then cooked per the man ufactur er’s

instruc tions in an 1100 Watt micr owave oven (Sharp Carr ou- 

sel). Two fro zen broc coli br ands requ ired that the prod uct be 

in a co vered bo wl; the thir d, that the prod uct be steamed in 

the ba g. For compariso n, samples fro m eac h pro duct were 

heated in a bo wl and sep ara te samples were heated in stea- 

mer ba gs. Follo wing cooking, the broc coli was fro zen in liquid 

nitr oge n, fre eze dried and gro und. In triplicate , gro und broc -

coli (100 mg) was added to 1.5 mL distilled water , vo rtexed,

and left to hydr olyz e in the dark at room temper ature for 

either 20 min or 24 h. The rea ction was then stopped by heat- 

ing the sample at 90 �C for 5 min in a water bath. The mixtur e

was then centrifuged for 8 min at 14,000 g and filtered thro ugh 

a 0.45 lm nylon syringe filter and immedia tely anal yzed for 

sulfor aphane formation .

2.1. Temper atur e and pH dependence of br occoli hydr olysis 

Bro ccoli (Br assica oler acea L. cv . ‘‘Gr een Magic’’) was gro wn at 

the Uni ve rsity of Illinois in 2009, harv ested at commer cial 

maturi ty and transp orted to the la b on ice for fre eze dry ing 

within 2 h. Fr eeze dried broc coli (0.1 g) was hydr olyz ed for 

20 min in 1.5 mL of Mcllva ine’s buffer rang ing in pH (2, 3, 4,

5, 6, 7, 8). The pH at whic h the maxim um sulfor aphane forma- 

tion occurr ed was then used in a series of hydr olys is trials at 

differ ent temper ature s (4, 14, 25, 34, 44, 54 and 64 �C). Sample s

were hydr olyz ed for 20 min at these temper atur es and then 

anal yzed for sulfor aphane formation .

2.2. Sulfor aphane analysis 

An internal standar d of benzyl isothioc ya nate (BITC) was 

added to 0.5 mL broc coli hydr olys is supernat ant and isothio -

cya nates wer e extr acted into 0.5 mL dic hlor omethane (DCM)

for anal ysis by gas chr omatogr aph y. Using an Agilent model 

7683B series auto sampler , 1 lL DCM extr act was injected onto 

an Agilent 6890N gas chroma togr aph y system equipped with 

a single flame ionization detecto r (Agilent Techn ologies,

Santa Clar a, CA). Sample s were sepa rate d using a 30 m ·
0.32 mm J&W HP-5 capillar y colum n (Agilent Tec hnolog ies).

After an initial hold at 40 �C for 2 min, the ove n temper ature 

was incre ased by 10 �C/min to 260 �C and held for 10 min.

Injecto r temper atur e was 200 �C; detector temper atur e was 

280 �C. Helium carrier gas flow rate was 25 mL/min . Using 

Statistica l Anal ysis Softwa re (SAS; Car y NC), data were 

compar ed by ANO VA follo wed by LSD (a = 0.05) wher e differ -

ences were indicate d. All che micals were purc hased from 

Sigma Chemical (St. Louis, MO) unless stated otherw ise.

3. Results and discussion 

The focus of this stud y was on the ab ility of my rosin ase to 

catal yze the formation of sulfor aphane within commer -

cially -a vai lab le frozen br occoli. This was charac terized by first

determinin g the optim um temper atur e and pH at which sul- 

foraph ane was formed ove r a 20 min time period. This period 

was chose n because substr ate wou ld not be limiting and 

there for e the quanti ty of pro duct formed wou ld be de pendent 

on the acti vity of the my rosin ase in the sample . In contr ast, a

sample hydrol yzed for 24 h pro vided excess time for substr ate 

hydr olys is to be completed . This information giv es insight 

into the sta bility of my rosin ase under man y condition s,

including those that might be incurr ed during proce ssing 

and handling – and ther efore might affect the ability of 

myr osinase to form sulfor aphane later . The optim um pH 

and temper atur e at whic h sulfor aphane formation occurs in 

Fig. 1 – Effect of pH on sulfor aphan e forma tion during a

20 min broc coli hydr ol ysis at room temper at ur e (25 �C).

Differ ent letters repr esent significantl y differ ent value s

(p < 0.05), da ta ar e gi ve n as mean ± SD , n = 3.

Fig. 2 – Effect of temper atur e on sulfor aphane forma tion 

dur ing a 20 min hydr ol ysis at pH 5. Differ ent letters 

repr esent significantl y differ ent concentr ations of 

sulfor aphane (p < 0.05), da ta ar e gi ve n as mean ± SD , n = 3.
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