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INTRODUCTION 

Phenolic compounds have been shown to have in vitro antioxidant activity which has been 

linked to the prevention of diseases including hypertension, arteriosclerosis and some types of 

cancers (Agboola et al., 2010; Nardini et al., 1995; Tan et al., 2010). Faba beans (Vicia faba 

L.) are found to contain high levels of phenolic compounds (Siah et al., 2008; Amarowicz et 

al. 1996) with the majority being proanthocyanidins or tannins (Helsper et al., 1993). In 

Australia, faba beans are grown as a winter crop and harvested during summer when they are 

fully mature and dry.  

 

Dry faba beans need to be cooked for human consumption. It is known that heat processing 

affects phenolic compounds and thereby the antioxidant activity of the food. In this project, 

three Australian grown faba bean cultivars were cooked by boiling and roasting to determine 

the effect of different cooking methods on antioxidant activities.   

 

MATERIALS AND METHODS 

Samples 

Three faba beans cultivars including Nura (buff), Rossa (red) and TF (white, tannin-free) were 

grown at Wagga Wagga, NSW. Harvested beans were air dried and then stored at -20°C 

before analysis. 

 

Heat processing  

Boiling  

Whole bean samples were soaked in deionised water at a ratio of 1:5 (bean:water, w/v) for 12 

hours at room temperature. Soaking water was discarded and beans were blotted dry using 

tissue papers. Soaked beans were then boiled in deionised water in a ratio of 1:10 for 40 

minutes or until soft. Cooked beans were centrifuged at 4000g for 10 minutes at 5°C and 

excess water was removed. 

 

Dry Roasting 

Roasting was performed at 150°C using dry heat in a fan forced oven for one hour. Roasted 

beans were cooled at room temperature and ground into powder using IKA-Universalmühle 

M20 Grinder (Janke and Kunkel, Staufen, Germany).  

 

Preparation of phenolic extracts 

Phenolic extractions were carried out by dispersing ground flour in aqueous (70%) acetone at 

a solid to solvent ratio of 1:10 and shaking for two hours at room temperature. Supernatant 



was collected after centrifugation at 4000g for five minutes at 5°C. A second extraction was 

performed on the residue and the extracts were pooled, concentrated and then lyophilised. 

Extracts were stored at -20°C until used. Reconstituted extracts were generally filtered 

through 0.45µm Millipore filters before analysis. All extractions and measurements were 

performed at least in triplicate, except extractions from raw bean which were performed in 

duplicate. 

 

Antioxidant activity assays 

Both Diphenylpicrylhydrazyl (DPPH) radical scavenging capacity and Trolox Equivalent 

Antioxidant Capacity (TEAC) assays were performed as described by Michalska et al. (2007) 

while Oxygen Radical Antioxidant Capacity (ORAC) was assayed as described by Prior et al. 

(2003). All of the antioxidant activity results were expressed as TEAC equivalent per gram of 

dry bean sample.  

 

On-line Post Column Derivatisation Assay (PCD) with High Performance Liquid 

Chromatography (HPLC)  

Analysis of the antioxidant activity was carried out online using 2,2'-azino-bis(3-

ethylbenzthiazoline-6-sulphonic acid) (ABTS) as the radical scavenger. The HPLC system 

(ProStar model 410) consisted of Phenomenex Luna 5U C18 column (100A pore size; 150x 

3mm), preceded by a guard column (Phenomenex, 4×3.0 mm), Varian 240I pump and a 

Varian 335 PDA Detector. The mobile phase A was acetic acid-water (99:1) and solvent B 

was methanol-acetonitrile (50:50). An aliquot (8µL) of extract sample (50mg/mL) was 

dissolved in solvent A and injected in a gradient of 100- 52% phase A in 40 minutes at a 

flow-rate of 0.4mL/min. UV spectra were recorded at 280nm. Post column on-line antioxidant 

activity was determined on the HPLC eluent from the system which arrived at a “T” piece and 

reacted with ABTS˙+ that was added at a flow rate of 0.4mL/min. The absorbance of the 

reaction products was measured by a UV-detector at 414nm.  

 

RESULTS  

Antioxidant capacity 

Figure 1 shows that boiling and roasting generally lowered antioxidant activity levels in all 

three faba bean cultivars. However, more antioxidant activity was retained in roasted samples. 

TF had the lowest antioxidant activity among three cultivars in raw, boiled and roasted beans. 

Interestingly, antioxidant activities of boiled and roasted TF are not significantly different 

from raw TF in DPPH and ORAC assays. Figure 1(B) illustrates an increase of antioxidant 

level in TF after roasting in TEAC assay.  



 
Fig. 1. Diphenylpicrylhydrazyl (DPPH) (A) radical scavenging capacity, Trolox Equivalent 

Antioxidant Capacity (TEAC) (B) and Oxygen Radical Antioxidant Capacity (ORAC) (C) of 

three faba bean cultivars. Results are expressed as mM trolox equivalents per gram of dry 

weight of beans. The data marked with the different letters are significantly different (P<0.05) 

using ANOVA and post-hoc analysis.   

 

HPLC-PCD diagrams in figure 4 illustrated that compounds underwent minor but noticeable 

changes in some compounds from raw Nura after boiling and dry roasting. Heat treatments 

also appeared to alter the antioxidant activity of some compounds in responding to ABTS free 

radicals. Two distinctive groups of phenolic compounds were apparent in the hydrophilic and 

hydrophobic regions of raw, boiled and roasted beans.  

 

 
Fig. 4. Online high performance liquid chromatography-post column derivatisation (HPLC-

PCD) of raw (A), boiled (B) and dry roasted (C) faba bean (cv. Nura).  

 

DISCUSSION 

Generally, heat-treated samples showed lower antioxidant activities in all faba bean cultivars 

except TF, which had slightly increased or similar levels after cooking. Antioxidant activities 

of boiled beans were lower than roasted beans possibly due to the loss of active phenolic 

compounds during the soaking, boiling and draining processes. This suggests that some 

phenolic compounds, possibly flavonoids and phenolic acids, were rendered water-soluble 

during the cooking process, which allowed these compounds to leach out. The cultivar TF is 

thought to have little or no tannin content (Moneam, 1990). The results suggested that the 

antioxidant activities in TF result from smaller phenolic compounds such as flavonoids and 

phenolic acids. 

 



HPLC-PCD profiles suggested that cooking may destroy some phenolic compounds. 

Inaddition, the dry roasting process may result in the creation of new active compounds 

through the Maillard reaction (Acar et al., 2009; Nicoli, Anese, & Parpinel, 1999). HPLC 

profiles of roasted and boiled Nura appeared similar but had different PCD profiles. This 

suggests other compounds not detected at 280nm may also be contributing to the antioxidant 

activity. These may be proteins that are linked with phenolic compounds. The decrease in 

antioxidant activity after heating processes could be due to denaturation of these 

proteinaceous compounds.  

 

CONCLUSION 

Heat processing decreases antioxidant activities of faba beans. Dry heat is shown to be a 

better way of preserving antioxidant activities in faba beans compared with boiling.  
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