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Brassicaceae family
o Vegetables that are present in the daily diet

o Contains sulfur compounds (glucosinolates)

o Glucosinolates are natural organic compounds (secondary plant

metabolites)

o In plant tissues, the glucosinolates are present at the same time as the

enzyme myrosinase

o Myrosinase is distributed in myrosin cells that do not contain

glucosinolates

Figure 1. Degradation of glucosinolates
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o The isothiocyanates have been repeatedly studied for their
anticancer effects



The experimental part…



Extraction of glucosinolates

 



Identification of glucosinolate present in

various mustards using UHPLC-DAD-MS/MS

Table. GLS contents in various mustard seeds (Sinapis alba, Brassica juncea, and 
Brassica nigra)



White mustard (Sinapis alba L.) Brown mustard (Brassica juncea L.)

Black mustard (Brassica nigra L.)



Obtaining essential oil by microwave-

assisted distillation (MAD)

Fig. Chromatogram of volatile compounds in

essential oil of Tropaeolum majus L. altum seeds

Fig. GC-MS/MS analysisFig. Obtaining essential oil by

microwave-assisted distillation (MAD)

Content of benzyl isothiocyanate in essential oil of T. majus L. seeds = 97.81%



GC-MS analysis of essential oils
from mustards
Brown mustard Black mustard

Fig. Chromatogram of volatile compounds in essential

oil of Brassica juncea L. seeds

Fig. Chromatogram of volatile compounds in essential

oil of Brassica nigra L. seeds

Content of allyl isothiocyanate in B. juncea L. seeds 91.07%

Content of allyl isothiocyanate in B. nigra L. seeds 16.51%



Proteolytic activity of human 

gastric and duodenal juices

Collection of human digestive juices
o Human digestive juices (gastric and duodenal) were aspirated from healthy

volunteers.
o The initial fraction of aspired juice was discarded from each healthy volunteer

and the remaining amount was collected in a sterile tube, which was centrifuged
to remove mucus and cell debris.

o Prior to further analysis, all human gastric and duodenal juices (HGJ and HDJ)
were mixed in order to avoid differences in enzymatic activity.



o The lipase activity present in rabbit
gastric extract (RGE) has already
been well characterized and
compared to that of human gastric
lipase under conditions mimicking
gastric digestion.

o The absorbance of digestive juices was measured spectrophotometrically.



SDS-PAGE ELECTROPHORESIS
For SDS-PAGE analysis, 10 μL of protein sample was

mixed with sample buffer (6X) and denatured at 95°C for

5 min. Samples were analyzed on previously prepared

12% SDS-PAGE gels with pre-stained protein marker VI

(AppliChem) as molecular weight reference. Gels were

immersed in glycine buffer and electrophoresis was

performed at 100 V for 1 hour. The gels were stained

overnight with staining solution (0.5 g Coomassie bb R-

250, 800 mL methanol, 140 mL acetic acid and water up

to 2 L) and destained next day in mQH2O. Gel images

were taken by ChemiDoc MP Imaging System (Bio-Rad)

and analysed with Image Lab software (Bio-Rad).

Figure 1. Quality control by SDS-PAGE analysis of
commercial and human digestive juices: M-Prestained
Protein Marker VI (Applichem); 1-Rabbit gastric fluid
(RGF); 2-Human gastric juice (HGJ); 3-Simulated
intestinal fluid (SIF); 4-Human duodenal juice (HDJ).



In vitro digestion method

Advantage: Although in vivo models give the most accurate results, in 
vitro models are a cheaper and useful alternative to in vivo models! 



GASTRIC DIGESTION

• imitation of pH in the 
stomach of an adult

• pH 2,5 
• Duration of gastric

phase: 30 min

INTESTINAL DIGESTION

• imitation of pH in the
intestines of an adult

• pH 6,5–7 
• Duration of intestinal

phase: 120 min

Bioaccessibility (%) = (sample concentration after digestion / sample concentration before digestion)100% (1)

Samples with commercial digestive juices were prepared 
according to the method described by Brodkorb et al. (2019).

In vitro digestion method of glucosinolates



Desulfatation of glucosinolates

Fig. Prepared columns for extraction of

desulfoglucosinolates



Table. Bioaccessibility of GSLs from various mustard seeds after two-phase in vitro and ex vivo 

digestion methods

1 Glucosinalbin

2 Sinigrin

3 4-Hidroxyglucobrassicin

4-Gluconapin



 
Concentration 

(mg/ml) 

Stability, 

(%) 

Overall stability 

(%)* 

after gastric phase (in vitro) 1.62 97.57 
69.44 

after intestinal phase (in vitro) 1.19 71.17 

after gastric phase (ex vivo) 1.22 73.47 
40.34 

after intestinal phase (ex vivo) 0.91 54.90 

*Overall stability was calculated by multiplying percentages of gastric and intestinal phases. 

 

Table. Stability of benzyl isothiocyanate (BITC) from Tropaeolum majus L. altum

essential oil after in vitro and ex vivo digestion methods

 
Concentration 

(mg/ml) 

Stability, 

(%) 

Overall stability 

(%)* 

after gastric phase (in vitro) 1.41 79.23 
55.75 

after intestinal phase (in vitro) 1.25 70.36 

after gastric phase (ex vivo) 1.29 72.24 
46.74 

after intestinal phase (ex vivo) 1.15 64.70 

*Overall stability was calculated by multiplying percentages of gastric and intestinal phases 

 

Table. Stability of pure benzyl isothiocyanate (BITC) after in vitro and ex vivo digestion methods

In vitro gastrointestinal stability of
isothiocyanates



The content of ITCs that remains after digestion and is available for the

absorption is important due to the various biological activities mentioned above!!!

Concentration of allyl ITC  Stability (%) 

After gastric phase (in vitro) 85.14 

After intestinal phase (in vitro) 54.87 

After gastric phase (ex vivo) 86.27 

After intestinal phase (ex vivo) 30.20 

 1 

Table. Concentration of allyl ITC before and after in vitro and ex vivo digestion methods

ITC isothiocyanate



Conclusion

◦ Understanding the absorption routes of GSLs and their degradation products in
the human body is of great importance, due to the biological properties of their
breakdown products, especially ITCs.

◦ The GSLs and ITCs contents were significantly reduced after the in vitro and ex
vivo intestinal phases compared to the in vitro and ex vivo gastric phases.

◦ In addition, differences in pH and enzyme activity, concentrations of electrolytes,
duration of digestion phases may also considerably alter results.

◦ Although in vivo models give the most accurate results, in vitro models are a
cheaper and useful alternative to in vivo models!



Continuation of experiments…

o In vitro testing of the antiproliferative activity was
performed against two human cancer cell lines:
breast cancer cell line MDA-MB-231 and bladder
cancer cell line TCCSUP

o Cell viability and proliferation was determined by
measuring cellular metabolism via MTT assay

o Antimicrobial activity (bacteria, fungi, yeasts) 



Hippocrates recommends white
mustard for internal use against

gastrointestinal problems and for 
externally, mixed with vinegar to 

extract inflammation!

The End… 

Thank you for your attention!


