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Abstract 

Cruciferous vegetables contain glucosinolates that release bioactive isothiocyanates upon tissue damage 

through myrosinase-catalyzed hydrolysis. This research examined glucosinolate content, myrosinase 

activity, and isothiocyanate formation in broccoli, cabbage, and kale under different processing 

conditions. Experiments conducted at São Paulo Institute of Technology from November 2023 to 

March 2025 quantified glucosinolates by HPLC and isothiocyanates by cyclocondensation assay. 

Results showed broccoli contained the highest total glucosinolates at 42.8 μmol/g dry weight, with 
glucoraphanin comprising 58% of the profile. Myrosinase activity varied 3.4-fold among species, with 

kale showing highest activity at 2.8 units/g fresh weight. Boiling for 10 minutes reduced glucosinolate 

content by 72% and eliminated myrosinase activity, while steaming preserved 84% of glucosinolates 

and 45% of enzyme activity. These findings inform processing recommendations to maximize health-

promoting compound retention. 
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Introduction 

Can the way we cook vegetables determine their cancer-preventive potential? For cruciferous 

vegetables, the answer appears to be yes. These plants contain glucosinolates, sulfur-

containing compounds that serve as precursors to isothiocyanates with documented 

chemopreventive properties. The conversion requires myrosinase, an enzyme released when 

plant tissue is damaged by chopping, chewing, or processing [1]. 

Glucosinolates comprise a glucose moiety linked to an amino acid-derived aglycone 

containing sulfur and nitrogen. Over 130 different glucosinolates have been identified, with 

individual vegetables containing characteristic profiles [2]. Glucoraphanin, the precursor to 

sulforaphane, has received particular attention due to sulforaphane's ability to induce phase II 

detoxification enzymes and inhibit cancer cell proliferation. 

Myrosinase belongs to the thioglucoside glucohydrolase family and is sequestered in 

myrosin cells separate from glucosinolate-containing vacuoles. Tissue disruption brings 

enzyme and substrate together, initiating hydrolysis [3]. The unstable aglycone intermediate 

rearranges to form isothiocyanates under neutral pH conditions or nitriles under acidic 

conditions. 

Food processing profoundly affects both glucosinolate retention and myrosinase survival, 

ultimately determining the bioactive compounds available for absorption. This research 

compared glucosinolate profiles, myrosinase activities, and isothiocyanate yields across 

common cruciferous vegetables and processing methods [4]. 

 

Material and Methods 

Material 

Research was performed at the Department of Food Science, São Paulo Institute of 

Technology, Brazil, from November 2023 to March 2025. Fresh broccoli (Brassica oleracea 

var. italica), green cabbage (B. oleracea var. capitata), and curly kale (B. oleracea var. 

sabellica) were obtained from local organic farms within 24 hours of harvest.  
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Vegetables were stored at 4 °C and analyzed within 48 

hours. Glucosinolate and isothiocyanate standards were 

purchased from specialized suppliers [5]. 

 

Methods 
Glucosinolates were extracted with boiling methanol and 

quantified by HPLC with UV detection at 229 nm after 

desulfation. Myrosinase activity was measured 

spectrophotometrically by monitoring glucose release using 

a coupled enzyme assay. Isothiocyanate formation was 

determined by the cyclocondensation reaction with 1,2-

benzenedithiol. Processing treatments included boiling in 

water, steaming over boiling water, microwave cooking, and 

stir-frying, each for 5 and 10 minutes [6]. 

 

Results 

 

Table 1: Glucosinolate Content and Myrosinase Activity in Raw 

Cruciferous Vegetables 
 

Vegetable 

Total GSL 

(μmol/g 
DW) 

Glucoraphanin 

(%) 

Sinigrin 

(%) 

Myrosinase 

(U/g FW) 

Broccoli 42.8 ± 4.2 58.3 8.2 1.9 ± 0.2 

Cabbage 28.4 ± 3.1 12.4 42.7 0.82 ± 0.09 

Kale 35.6 ± 3.8 21.5 35.8 2.8 ± 0.3 

 

Broccoli contained the highest total glucosinolate 

concentration at 42.8 μmol/g dry weight, with glucoraphanin 

as the predominant compound. Cabbage showed a different 

profile dominated by sinigrin at 42.7% of total 

glucosinolates. Kale exhibited the highest myrosinase 

activity at 2.8 units/g fresh weight, 3.4-fold greater than 

cabbage [7]. 

 

 
 

Fig 1: Glucosinolate retention in broccoli following different cooking treatments expressed as percentage of raw content. 
 

 
 

Fig 2: Relationship between residual myrosinase activity and isothiocyanate yield following different cooking and chopping sequences. 
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Discussion 

The dramatic differences in glucosinolate retention between 

cooking methods reflect the water solubility of these 

compounds and thermal stability of myrosinase [8]. Boiling 

caused severe losses through leaching into cooking water, 

while steaming minimized this by avoiding direct water 

contact. The 72% loss after 10 minutes of boiling represents 

not only leached glucosinolates but also some thermal 

degradation. 

The correlation between residual myrosinase activity and 

isothiocyanate yield confirms the enzyme's essential role in 

bioactive compound formation. Notably, boiled vegetables 

produced some isothiocyanates even with undetectable 

myrosinase activity, likely through gut microbial 

myrosinase activity upon consumption [9]. However, this 

conversion is less efficient than endogenous plant enzyme 

activity. 

The practical implication is that steaming represents the 

optimal cooking method for maximizing health benefits, 

preserving both glucosinolate substrates and myrosinase 

activity. Chopping vegetables before brief steaming could 

further enhance isothiocyanate formation by initiating 

hydrolysis before enzyme inactivation [10]. 

 

Conclusion 
This research demonstrates that cooking method selection 

profoundly affects the health-promoting potential of 

cruciferous vegetables. Broccoli contains the highest 

glucoraphanin levels while kale shows superior myrosinase 

activity. Steaming preserves both glucosinolates and 

myrosinase activity far better than boiling, maintaining 

conditions for optimal isothiocyanate formation. These 

findings support dietary recommendations to consume 

lightly cooked or raw cruciferous vegetables and inform 

food processing strategies to retain bioactive compounds. 

Consumer education regarding optimal preparation methods 

could enhance the cancer-preventive benefits of regular 

cruciferous vegetable consumption. 

 

References 

1. Fahey JW, Zalcmann AT, Talalay P. The chemical 

diversity and distribution of glucosinolates and 

isothiocyanates among plants. Phytochemistry. 

2001;56(1):5–51. 

2. Holst B, Williamson G. A critical review of the 

bioavailability of glucosinolates and related 

compounds. Natural Product Reports. 2004;21(3):425–
447. 

3. Bones AM, Rossiter JT. The enzymic and chemically 

induced decomposition of glucosinolates. 

Phytochemistry. 2006;67(11):1053–1067. 

4. Verkerk R, Schreiner M, Krumbein A, et al. 

Glucosinolates in Brassica vegetables: the influence of 

the food supply chain on intake, bioavailability and 

human health. Molecular Nutrition and Food Research. 

2009;53(S2):S219–S265. 

5. International Organization for Standardization. 

Rapeseed determination of glucosinolates content part 

1: method using high-performance liquid 

chromatography. ISO 9167-1. Geneva: International 

Organization for Standardization; 1992. 

6. Zhang Y, Cho CG, Posner GH, Talalay P. 

Spectroscopic quantitation of organic isothiocyanates 

by cyclocondensation with vicinal dithiols. Analytical 

Biochemistry. 1992;205(1):100–107. 

7. Kushad MM, Brown AF, Kurilich AC, et al. Variation 

of glucosinolates in vegetable crops of Brassica 

oleracea. Journal of Agricultural and Food Chemistry. 

1999;47(4):1541–1548. 

8. Nugrahedi PY, Verkerk R, Widianarko B, Dekker M. A 

mechanistic perspective on process-induced changes in 

glucosinolate content in Brassica vegetables: a review. 

Critical Reviews in Food Science and Nutrition. 

2015;55(6):823–838. 

9. Shapiro TA, Fahey JW, Wade KL, Stephenson KK, 

Talalay P. Human metabolism and excretion of cancer 

chemoprotective glucosinolates and isothiocyanates of 

cruciferous vegetables. Cancer Epidemiology 

Biomarkers and Prevention. 1998;7(12):1091–1100. 

10. Jones RB, Frisina CL, Winkler S, Imsic M, Tomkins 

RB. Cooking method significantly affects glucosinolate 

content and sulforaphane production in broccoli florets. 

Food Chemistry. 2010;123(2):237–242. 

11. Matusheski NV, Juvik JA, Jeffery EH. Heating 

decreases epithiospecifier protein activity and increases 

sulforaphane formation in broccoli. Phytochemistry. 

2004;65(9):1273–1281. 

12. Rungapamestry V, Duncan AJ, Fuller Z, Ratcliffe B. 

Effect of cooking Brassica vegetables on the 

subsequent hydrolysis and metabolic fate of 

glucosinolates. Proceedings of the Nutrition Society. 

2007;66(1):69–81. 

13. Ciska E, Kozlowska H. The effect of cooking on the 

glucosinolates content in white cabbage. European 

Food Research and Technology. 2001;212(5):582–587. 

14. Vallejo F, Tomas-Barberan FA, Garcia-Viguera C. 

Glucosinolates and vitamin C content in edible parts of 

broccoli florets after domestic cooking. European Food 

Research and Technology. 2002;215(4):310–316. 

https://www.biochemjournal.com/

