
	 359

Czech J. Food Sci.	 Vol. 25, No. 6: 359–364

Enzymatic hydrolysis is one of the methods of 
food proteins modification. The hydrolysates of-
fer better functional properties such as solubility, 
emulsifying capacity, foaming or coagulation prop-
erties than the native proteins (Mahmoud 1994). 
They are used for special and clinical nutrition, 
e.g. for the protein supplementation in the dietary 
management of phenylketonuria, food allergy and 
chronic liver disease (Schmidl et al. 1994; Cle- 
mente 2000). The properties of hydrolysates de-
pend on the size of peptides obtained during pro-
teolysis. High performance liquid chromatography 
in reversed phase (RP-HPLC) and size-exclusion 
mode (SE-HPLC) as well as electrophoretic meth-
ods are commonly used for the investigation of the 

composition of protein hydrolysates (Silvestre 
1997; Wróblewska & Karamać 2003).

Ferulic acid is the major phenolic acid of cereal 
grains such as wheat, triticale, and rye (Weidner 
et al. 1999, 2000, 2002). It can exist as an extract-
able form, as free, esterified, and glycosylated 
phenolic constituents (Weidner et al. 1999) as 
well as an insoluble-bound occurring in the outer 
layers of wheat grains (Kim et al. 2006). Alkaline 
hydrolysis is reported to release ferulic acid from 
the insoluble form (Kim et al. 2006; Steinhart 
& Renger 2000). Also, enzyme preparations are 
used for the same purpose (Moore et al. 2006). 
There are numerous reports on antiradical, oxi-
dase inhibitory, antiinflammatory, antimicrobial, 
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anticancer activities of ferulic acid and its deriva-
tives in the literature data (Ou & Kwok 2004; 
Hirata et al. 2005; Wang et al. 2007). Ferulic 
acid and its derivatives are also responsible for the 
antioxidant properties of cereal grains (Yang et 
al. 2001; Kim et al. 2006). Those compounds are 
proven to play a significant role in the dormancy 
of cereal caryopses. Some studies have shown that 
phenolic acids can act as germination inhibitors 
(Weidner et al. 1993, 1999).

The aim of the present study was to investigate 
the presence of ferulic acid in protein fractions of 
wheat and their enzymatic hydrolysates, as well 
as to check up how ferulic acid interferes with the 
detection of peptides during chromatographic 
separation using HPLC methods.

MATERIALS AND METHODS

Materials. Winter bread wheat (Triticum aesti-
vum L.) cultivar Axis was obtained from cultiva-
tion in Dolná Malanta (Slovak Republic) in 2005. 
Grains were used for analysis after four months 
storage. Hydrolysis was carried out using com-
mercial enzymes: trypsin (Fluka), protease from 
Bacillus subtilis (Fluka) and Subtilisin Carlsberg 
(Sigma-Aldrich Co.).

Extraction of proteins. Ground wheat grains 
(10 g) were suspended in 100 ml 10% NaCl, stirred 
for 45 min and centrifuged at 5000 g for 10 min 
(Maruyama et al. 1998). The extraction was 
repeated twice more. Combined supernatants 
were adjusted with ammonium sulphate to 75% sa- 
turation and the precipitate was collected by 
centrifugation at 5000 g for 15 minutes. Albumins 
and globulins present in the pellet were dialysed 
and lyophilised. The pellet remaining after the 
NaCl treatment was extracted with 100 ml 70% 
(v/v) ethanol to separate gliadins. The extraction 
was carried out three times for 45 min and the 
mixture obtained was centrifuged at 5000 g for 
10 minutes. The supernatants were combined, 
ethanol was evaporated under vacuum at 45°C 
and the aqueous residue was lyophilised. The 
pellet remaining after the extraction of gliadins 
was treated with 100 ml 0.2% NaOH, stirred for 
45 min and centrifuged. Alkaline extraction was 
repeated three times. The combined superna-
tants were lyophilised in order to obtain the 
glutenin fraction. The protein content of every 
fraction was determined by Kjeldahl method 
(AOAC 1990).

Enzymatic hydrolysis of wheat proteins. Hy-
drolysis of albumin-globulin, gliadin, and glutenin 
fractions was carried out at 50°C, pH 8.0, at the initial 
protein concentration of 5% and enzyme/substrate 
ratio of 15 mAU/g of protein (Karamać et al. 
2002). Each protein fraction was hydrolysed with 
trypsin, protease from Bacillus subtilis, and Sub-
tilisin Carlsberg in separate treatments. Constant 
pH value of 8.0 during hydrolysis was maintained 
through titration with 0.2M NaOH and the process 
was controlled by pH-stat method (Adler-Nissen 
1984). After 120 min reaction was terminated by 
heating at 100°C for 5 minutes. Then the samples 
were lyophilised.

RP-HPLC method. The protein fractions and 
their hydrolysates were dissolved in 80% acetonitrile 
(2 mg/ml) and analysed using a Shimadzu HPLC  
system consisting of LC-10ADVp pumps, UV-VIS 
SPD-M10AVp photo-diode array detector, SCL-10AVp 
system controller. The samples were injected into 
the Bakerbond BDC (5 µm, 4.6 × 250 mm, Hyper-
sil) column. The elution was carried out with the 
gradient of 0% to 80% acetonitrile (with 0.1% tri- 
fluoroacetic acid, TFA) for 50 min. The flow rate 
was 1 ml/min, the injection volume was 20 µl. 

SE-HPLC method. The same HPLC system was 
used to conduct size exclusion chromatography. 
The samples were dissolved in 45% acetonitrile 
(2 mg/ml). 20 µl of the sample dilution was in-
jected into TSK Gel G2000SWXL (5 µm, 7.86 × 
300 mm, TosoHaas) column and eluted with 45% 
acetonitrile containing 0.1% TFA, with flow rate of 
1 ml/min. Additionally, the ferulic acid standard 
(Fluka) was separated. The contents of ferulic acid 
in the glutenin fraction and its hydrolysates were 
calculated on the basis of the calibration curve 
determined for the concentrations in the range 
of 0.028–0.14 μg of the standard injected on the 
column. The limit of detection of the method was 
0.2 μg of ferulic acid per ml and the coefficient 
of variation (CV) for six determinations was less 
than 3%.

RESUTS AND DISCUSSION

The results of RP-HPLC analysis show the pres-
ence of two compounds (1) and (2) in glutenins 
and in the hydrolysate obtained from this fraction 
using protease from Bacillus subtilis. Both com-
pounds gave sharp and well separated peaks with 
the retention times of 20.5 min (1) and 21.8 min 
(2), respectively (Figure 1). The UV spectrum of 
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compound (1) was characterised by a maximum 
at 320 nm and a shoulder at 279 nm. Maxima at 
284 nm and 323 nm were recorded for the spectrum 
of compound (2) (Figure 2). The peaks originated 
from constituents (1) and (2) were observed on the 
chromatograms of trypsin and microbial proteases 
hydrolysates of glutenins, while they did not appear 
in albumin-globulin and gliadin fractions and in 
their hydrolysates (data not shown).

Figure 3 depicts a separation of wheat glutenins 
(A, C, E) and their Bacillus protease hydrolysates (B, 
D, F) using SE-HPLC method. The chromatograms 
were recorded at 220 nm (A, B), 280 nm (C, D), 
and 320 nm (E, F). Those wavelengths are typical 
for the peptide bonds, aromatic amino acids, and 
phenolic acids, respectively. The results obtained 
confirmed the presence of two low molecular weight 
compounds (3) and (4) in glutenin fraction and its 
hydrolysates. The UV spectra of compounds (3) 
and (4) separated using SE-HPLC were the same 
as those of (2) and (1) separated by RP-HPLC pre-
sented in Figure 2. Ferulic acid injected into TSK Gel 
G2000SWXL column gave a peak with the retention 
time of 11.6 min (Figure 4). The above mentioned 
retention time and UV spectrum enable to recognise 
compound (4) as ferulic acid. 

The presence of ferulic acid in glutenin frac-
tion could be explicated when the procedure of 
wheat proteins separation is considered. Due to 
the use of 70% ethanol for the gliadin separation, 
which is an excellent solvent also for the extrac-
tion of phenolic compounds, the soluble form of 
phenolic acids would be present in the gliadin 
fraction. The alkaline conditions during glutenins 
extraction give rise to the liberation of insoluble-
bound ferulic acid (Steinhart & Renger 2000; 
Kim et al. 2006). The absence of peaks originated 
from ferulic acid in gliadins can be explained by 
its low content, below the detection level. Weid-
ner et al. (1999) determined the soluble forms of 
phenolic acids in wheat caryopses and noted that 
the amounts of free, esterified, and glycosylated 
ferulic acid were 2.0, 25.0 and 3.5 µg/g dry matter, 
respectively. In our study, the content of ferulic 
acid in the glutenin fraction was 1.12 mg/g, i.e. 
106.6 µg/g of wheat grains. This concentration is 
considerably higher than those results reported 
by Weidner et al. (1999), which suggests that in-
soluble-bound ferulic acid liberated under alkaline 
conditions was determined in the present work. 
Most of insoluble-bound phenolic acids occur in 
the outer layers of cereal grains, which constitute 

Figure 2. UV spectra of com-
pounds (1) and (2) separated 
by RP-HPLC (see Figure 1)

Figure 1. RP-HPLC chromatograms of glutenin fraction (A) and its hydrolysate obtained using Bacillus subtilis pro-
tease (B)
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the bran. Kim et al. (2006) reported that alkaline 
hydrolysis of wheat bran liberated 1.36–1.93 mg 
of ferulic acid per gramme. Furthermore, the au-
thors revealed that ferulic acid is the dominant 
phenolic acid liberated after alkaline hydrolysis 
and its content is at least 50 times higher than 
those of other acids identified.

The similarity between the spectra of ferulic 
acid and compound (3) in Figure 3 supported the 
explanation that this compound is a derivative of 
ferulic acid. On the other hand, due to the strong 

absorption band at 280 nm we can suggest that 
compound (3) is a complex of ferulic acid and 
peptides. Rawel and co-workers (Rawel et al. 
2001, 2002; Kroll et al. 2003) observed in model 
studies that phenolic acids can react with proteins 
and peptides at alkaline pH. Their studies were 
conducted on standards as well as soy and whey 
proteins. The presence of phenolic compounds in 
2S and 12S fractions of rapeseed proteins was also 
observed (Amarowicz et al. 2003; Karamać et 
al. 2004; Kosińska et al. 2006).

Figure 3. SE-HPLC chromatograms of glutenin fractions (A, C, E) and their hydrolysates (B, D, F) obtained using 
Bacillus subtilis protease
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The presence of ferulic acid and its derivatives 
in the glutenin fraction and hydrolysates causes an 
analytical problem with the interpretation of HPLC 
chromatograms. Some peaks recorded at 280 nm re-
sulted from phenolic compounds, not from aromatic 
peptides. The products of enzymatic hydrolysis can 
be determined only when the short wavelength of 
220 nm is applied for the detection.

CONCLUSIONS

Ferulic acid and ferulic acid derivative/complex 
were detected in the glutenin fraction of wheat and 
its enzymatic hydrolysates. The peptide products 
of glutenins hydrolysis should be recorded at a 
shorter wavelength, i.e. 220 nm, if HPLC methods 
are applied, because the peaks of peptides recorded 
at 280 nm can be overlapped by the peaks of ferulic 
acid and its derivatives.

Acknowledgement. Eva Sendrejová wished to thank the 
Ministry of Education of the Slovak Republic for funding the 
research stay at the Polish Academy of Science which was 
accomplished within the “National scholarship programme 
for the support of mobility of undergraduates, PhD. students, 
university teachers and researchers”, which was approved by 
the Government of the Slovak Republic under the name of 
“MINERVA Programme”.

R e f e r e n c e s

Adler-Nissen J. (1984): Control of proteolytic reaction 
and of the level of bitterness in protein hydrolysis proc-
esses. Journal of Chemical Technology and Biotechnol-
ogy, 34B: 215–222.

Amarowicz R., Panasiuk R., Pari L. (2003): Separa-
tion of low molecular rapeseed proteins by capillary 
electrophoresis. Polish Journal of Food and Nutrition 
Sciences, 12/53(SI 1): 7–9.

AOAC (1990): Official Methods of Analysis. 15th Ed. As-
sociation of Official Analytical Chemists, Arlington.

Clemente A. (2000): Enzymatic protein hydrolysates in 
human nutrition. Trends in Food Science and Technol-
ogy, 11: 254–262.

Hirata A., Murakami Y., Atsumi T., Shoji M., Ogi-
wara T., Shibuya K., Ito S., Yokoe I., Fujisawa 
S. (2005): Ferulic acid dimer inhibits lipopolysac-
charide-stimulated cyclooxygenase-2 expression in 
macrophages. In Vivo, 19: 849–853.

Karamać M., Amarowicz R., Kostyra H., Sijtsma 
L. (2002): Effect of temperature and enzyme/substrate 
ratio on the hydrolysis of pea protein isolates by trypsin. 
Czech Journal of Food Sciences, 20: 1–6.

Karamać M., Maryniak A., Amarowicz R. (2004): Ap-
plication of HPLC-DAD for determination of phenolic 
compounds bound to rapeseed 12S globulin – a short 
report. Polish Journal of Food and Nutrition Sciences, 
13/54: 233–236.

Kim K.H., Tsao R., Yang R., Cui S.W. (2006): Phenolic 
acid profiles and antioxidant activities of wheat bran 
extracts and the effect of hydrolysis conditions. Food 
Chemistry, 95: 466–473.

Kosińska A., Chavan U.D., Amarowicz R. (2006): 
Separation of low molecular weight rapeseed proteins 
by RP-HPLC-DAD – a short report. Czech Journal of 
Food Sciences, 24: 41–44.

Kroll J., Rawel H.M., Rohn S. (2003): Reactions of 
plant phenolics with food proteins and enzymes under 
special consideration of covalent bonds. Food Science 
and Technology Research, 9: 205–218.

Figure 4. SE-HPLC chromatogram of ferulic 
acid and its UV spectrum

A
bs

or
ba

nc
e 

at
 3

20
 n

m
 (

m
A

U
)



364	

Vol. 25, No. 6: 359–364	 Czech J. Food Sci.

Mahmoud M.I. (1994): Physicochemical and functional 
properties of protein hydrolysates in nutritional prod-
ucts. Food Technology, 10: 89–94.

Maruyama N., Ichise K., Katsube T., Kishimoto T., 
Kawase S., Matsumura Y., Takeuchi Y., Sawada T., 
Utsumi S. (1998): Identification of major wheat allergens 
by means of the Escherichia coli expression system. 
European Journal of Biochemistry, 255: 739–745.

Moore J., Cheng Z.H., Su L., Yu L.L.L. (2006): Effects 
of solid-state enzymatic treatments on the antioxidant 
properties of wheat bran. Journal of Agriculture and 
Food Chemistry, 54: 9032–9045.

Ou S.Y., Kwok K.C. (2004): Ferulic acid: pharmaceuti-
cal functions, preparation and applications in foods. 
Journal of the Science of Food and Agriculture, 84: 
1261–1269.

Rawel H.M., Kroll J., Hohl U.C. (2001): Model stud-
ies on reactions of plant phenols with whey proteins. 
Nahrung, 45: 72–81.

Rawel H.M., Czajka D., Rohn S., Kroll J. (2002): 
Interactions of different phenolic acids and flavonoids 
with soy proteins. International Journal of Biological 
Macromolecules, 30: 137–150.

Schmidl M.K., Taylor S.L., Nordlee J. (1994): Use of 
hydrolysate-based products in special medical diets. 
Food Technology, 10: 77–80, 85.

Silvestre M.P.C. (1997): Review of methods for the 
analysis of protein hydrolysates. Food Chemistry, 60: 
261–271.

Steinhart H., Renger A. (2000): Influence of techno-
logical processes on the chemical structure of cereal 
dietary fiber. Czech Journal of Food Sciences, 8 (Special 
Issue): 22–24.

Wang F., Yang L.X., Huang K.X., Li X.K., Hao X.J., 
Stockigt J., Zhao Y. (2007): Preparation of ferulic 

acid derivatives and evaluation of their xanthine oxi-
dase inhibition activity. Natural Product Research, 21: 
196–202.

Weidner S., Paprocka J., Kamieniecki B., Zader-
wowski R. (1993): The role of phenolic acids in dor-
mancy of barley caryopses. In: Walker-Simmons 
M.K., Ried J.L. (eds): Pre-harvest Sprouting in Cereals. 
American Association of Cereal Chemistry, St. Paul: 
200–211.

Weidner S., Amarowicz R., Karamać M., Dąbrowski 
G. (1999): Phenolic acids in caryopses of two cultivars of 
wheat, rye and triticale that display different resistance 
to pre-harvest sprouting. European Food Research and 
Technology, 210: 109–113.

Weidner S., Amarowicz R., Karamać M., Frączek E. 
(2000): Changes in endogenous phenolic acids during 
development of Secale cereale caryopses and after dehy-
dration treatment of unripe rye grains. Plant Physiology 
and Biochemistry, 38: 595–602.

Weidner S., Krupa U., Amarowicz R., Karamać M., 
Abe S. (2002): Phenolic compounds in embryos of 
triticale caryopses at different stages of development 
and maturation in normal environment and after de-
hydration treatment. Euphytica, 126: 115–122.

Wróblewska B., Karamać M. (2003): Analytical methods 
for estimating protein hydrolysates quality – a review. 
Acta Alimentaria, 32: 193–204.

Yang F., Basu T.K., Ooraikul B. (2001): Studies on 
germination conditions and antioxidant contents of 
wheat grain. International Journal of Food Sciences 
and Nutrition, 52: 319–330.

Received for publication January 29, 2007
Accepted after corrections June 18, 2007

Corresponding author:

Dr. Magdalena Karamać, Institute of Animal Reproduction and Food Research of the Polish Academy of Sciences 
in Olsztyn, Division of Food Science, Tuwima 10, 10-747 Olsztyn, Poland
tel.: + 48 895 234 627, fax: + 48 895 240 124, e-mail: magda@pan.olsztyn.pl


