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Abstract

Protein fractions (albumin, globulin, prolamin and glutelin) were extracted from defatted tartary buckwheat flour. The in vitro pepsin
digestibilities of the four protein fractions were different, and albumin was more susceptible to pepsin hydrolysis. The native structure of
the four protein fractions may be destroyed by heat treatment, and the digestibilities were all improved significantly (P < 0.05). Adding
rutin to the digestion mixture of the four fractions did not cause a decrease in pepsin digestibility, although it did cause a significant
increase in certain instances (P < 0.05). Treatment with b-mercaptoethanol (2-ME) only caused a higher initial proteolysis rate and
did not increase the final digestibility distinctly except for prolamin. After pepsin digestion, the remaining proteins of unhydrolyzed albu-
min, globulin, prolamin and glutelin (untreated) shared some similarities. They also exhibited a minor band at 20,000 Da and a broad
band at 10,000–14,000 Da.
� 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

The genus Fagopyrum has about 15 species distributed
in different parts of the world (Tahir & Farooq, 1988).
Among these species, only two types of buckwheat are used
as food around the world: common buckwheat (Fagopyrum

esculentum) and tartary buckwheat (Fagopyrum tataricum)
(Bonafaccia, Gambelli, Fabjan, & Kreft, 2003). Recently,
the physiological properties of common buckwheat protein
have also been studied. Rat feeding experiments, have
proved that common buckwheat protein has hypocholeste-
rolemic effects (Kayashita, Shimaoka, Nakajoh, Yamazaki,
& Kato, 1997), anticonstipation activity (Kayashita, Shi-
maoka, Yamazaki, & Kato, 1995), and suppression activity
in mammary carcinogenesis (Kayashita, Shimaoka, Nak-
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ajoh, Kishida, & Kato, 1999) and colon carcinogenesis
(Liu et al., 2001).

Plant foods are critical for global human nutrition, sup-
plying about 65% of food protein. Food protein quality
evaluation takes into account three important parameters:
(a) essential amino acid composition, (b) protein digestibil-
ity and (c) the ability to supply essential amino acids in the
amounts required by humans (Henley & Kuster, 1994).

Buckwheat protein has a high biological value, but its
digestibility is relatively low (Ikeda & Kishida, 1993). The
factors that contribute to the protein digestibility may be
divided into two broad categories: exogenous factors and
endogenous factors. Exogenous factors include the protein
interactions with polyphenols, phytates, carbohydrates, lip-
ids and protease inhibitors (Duodu, Taylor, Belton, &
Hamaker, 2003; Ikeda, Oku, Kusano, & Yasumoto,
1986). Endogenous factors refer to the protein structural
characteristics, such as the tertiary and quarternary struc-
ture, and the structure may be partly destroyed by heat
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and reduction treatment (Deshpande & Damodaran,
1989a; Ikeda, Sakaguchi, Kusano, & Yasumoto, 1991;
Vaintraub, Seliger, & Shutov, 1979). The effects of dietary
fibre, tannin, phytate and protease inhibitor on the in vitro

pepsin–pancreatin digestibility of common buckwheat pro-
tein has been studied (Ikeda et al., 1986).

Tartary buckwheat is commonly taken as a diet in east-
ern Asian countries (Kawakmi, Kayahara, & Ujihara,
1995). In China, tartary buckwheat is mainly grown in
some mountainous regions, such as the Liang Shan Yi
Autonomous region in Sichuan province and Jing Zhou
in Gui Zhou province (Li & Zhang, 2001). It is well known
that tartary buckwheat has a high rutin content, a flavonol
glycoside compound (Ujihara, 1994). Our previous study
showed that in vitro pepsin digestibility of tartary buck-
wheat protein was lower than that of other edible proteins,
such as soybean and wheat germ proteins (Guo & Yao,
2006). The main purpose of the present investigation was
to determine the effects of rutin, heat treatment and break-
age of disulfide bonds on in vitro pepsin digestibility of tar-
tary buckwheat protein fractions.

2. Materials and methods

2.1. Materials

Tartary buckwheat flour was obtained from the milling
factory for minor crops in the Liang Shan region in Sich-
uan province. Flour was defatted for 24 h with n-hexane
under continuous stirring, air-dried at room temperature,
and stored at 4 �C until used. The electrophoretic chemicals
were purchased from Sigma Chemical Co (St. Louis,
USA). Molecular weight markers were purchased from
Shanghai Institute of Biochemistry (Shanghai, China).
Pepsin (1:3000, from porcine stomach mucosa) was pur-
chased from Deyang Biochemical Company (Deyang,
China). All other chemicals used were of analytical grade.

2.2. Extraction and fractionation of tartary buckwheat flour

protein

Albumin, globulin, prolamin and glutelin were sequen-
tially extracted with distilled water, 1 M NaCl, 55% 1-pro-
panol and 0.05 M NaOH. The protein content of the
fractions was determined by the Kjeldahl method
(N · 6.25).

2.3. In vitro pepsin digestibility

In vitro pepsin digestibility was determined according to
the method of Rick and Fritsch (1974), but with a slight
modification.

For heat treatment, 0.1 g samples were heated prior to
the addition of pepsin in a 100 ml Erlenmeyer flask con-
taining 5 ml of water, for 30 min in a boiling water bath.

For reductive cleavage of disulfide bonds, 0.1 g samples
were heated prior to the addition of enzyme in a 100 ml
Erlenmeyer flask containing 5 ml of 5% (v/v) b-mercap-
toethanol (2-ME) for 30 min in a boiling water bath.

A suitable amount of rutin was suspended in 20 ml of
pH 1.0 HCl, prior to the addition of enzyme, and incubated
for 20 min in a shaking water bath at 37 �C.

Final digestion conditions: the pH values of the samples
(treated or untreated) were adjusted to 1.0 and the total
volume made up to 20 ml, 10 mg of pepsin were added to
the sample, and the flask was incubated in a shaking water
bath at 37 �C for 3 h. One hundred microliter aliquots of
digestion samples were taken in triplicate at appropriate
time intervals, and were added to 100 ll of trichloroacetic
acid (10%, w/v). The solution was allowed to stand for
10 min, and centrifuged at 4000g for 20 min. A blank was
prepared by the same method, using 10 mg of pepsin with-
out substrate. The supernatant obtained was assayed for
peptide.

Digestibility was calculated on the basis of the measure-
ment of a-amino nitrogen in the supernatant by the ninhy-
drin method (Troll & Cannan, 1953). Leucine was used as
the standard.

2.4. Sodium dodecyl sulfate–polyacrylamide gel

electrophoresis

After pepsin digestion, the undigested protein of sam-
ples (untreated) was precipitated by trichloroacetic acid
(final concentration 10%), washed three times with acetone,
and then used for sodium dodecyl sulfate–polyacrylamide
gel electrophoresis.

Sodium dodecyl sulfate–polyacrylamide gel electropho-
resis (SDS–PAGE) was carried out using the discontinu-
ous system (15% separating/4% stacking gel) with
reduction of the protein by 2-ME. The following buffer
systems were used: pH 8.8 Tris–HCl, 0.1% (w/v) SDS
for the separating gel, pH 6.7 Tris–HCl, 0.1% (w/v)
SDS for the stacking gel, 0.025 M Tris–HCl, 0.192 M gly-
cine, 0.1% (w/v) SDS (pH 8.3) for the running buffer, and
pH 6.7 Tris–HCl, 20% (v/v) glycerol, 1% (w/v) SDS, 5%
(v/v) 2-ME and 0.05% bromophenol blue as sample buf-
fer. All samples were heated at 100 �C for 3 min, centri-
fuged at 4000g for 10 min, and the supernatants were
used to load the gels. Electrophoresis was conducted at
a constant current of 20 mA for about 3 h. The gels were
stained in Coomassie brilliant blue R-250. Molecular
weights of protein subunits were calculated using the fol-
lowing markers: phosphorylase (97,400), bovine serum
albumin (66,200), rabbit actin (43,000), bovine carbonic
anhydrase (31,000), trypsin inhibitor (20,100), and hen
egg white lysozyme (14,400).

2.5. Statistical analysis

Statistical analyses were performed using the SPSS 11.5
software package. Results were given as means ± SD and
were compared with one-way analysis of variance
(ANOVA) with a 95% confidence interval.
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3. Results and discussion

3.1. Digestibility of tartary buckwheat protein fractions

3.1.1. Digestibility of albumin (untreated or treated)

As shown in Fig. 1, heat treatment significantly
improved the pepsin digestibility of albumin from 82.6 to
132 mg Leu/g protein (P < 0.05). During heating, the ter-
tiary and quarternary structures of albumin may be partly
destroyed, which made it more susceptible to pepsin hydro-
lysis. Adding rutin to the digestion mixture also increased
the digestibility to 129 mg Leu/g protein (P < 0.05)
(Fig. 1). Flavonoids and phenolic acids contain hydroxyl
groups and may interact with proteins which negatively
affect protein digestibility. However, there are conflicting
views that such interactions cause a decrease in protein
digestibility (Elkin, Freed, Hamaker, Zhang, & Parsons,
1996; Sathe & Sze-tao, 1997; Venkatachalam & Sathe,
2003). Venkatachalam and Sathe (2003) have reported that
none of the tested phenolic compounds adversely affected
phaseolin hydrolysis by pepsin. The protein digestibilities
of sorghum cultivars with similar tannin contents may
show great variability (Elkin et al., 1996). Our data showed
that rutin addition increased the in vitro digestibility of
albumin, which is consistent with the previous finding
(Neucere, Jacks, & Sumrell, 1978). The investigation
showed that, when arachin was exposed to catechol or
pyrogallol, it was more susceptible to pepsin hydrolysis
in vitro. Treatment with 2-ME improved the pepsin digest-
ibility of albumin from 60.3 to 74.7 mg Leu/g protein after
2 h of digestion time. However, the final digestibility was
85.9 mg Leu/g protein which was only a little higher than
that of untreated albumin (82.6 mg Leu/g protein). Disul-
fide bonds play an important role in stabilizing the tertiary
structure of the proteins (Kowalski et al., 1974). Disulfide
bond breakage with reducing agents disrupted the tertiary
structure and increased the digestibility of chickpea albu-
mins (Alfonso et al., 2000). Hamaker et al. (1987) reported
that cooking sorghum flour in water containing a reducing
agent increased in vitro pepsin digestibility and attributed
Fig. 1. Digestibility (mg of Leu/g of protein) of albumin (untreated or
treated). Each value is expressed as means ± SD (n = 3).
this to the formation of disulfide bonds which resulted in
toughening at the surface and interior of the protein
bodies. Our results showed that treatment with 2-ME only
caused a higher initial proteolysis rate which could be
explained by the location of disulfide bonds. Scanning elec-
tron microscopy showed that albumin was digested by pit-
ting from the outer surface to the inner part (Guo et al.,
accepted), so we concluded that disulfide bonds were
mainly located at the outer surface of albumin.

3.1.2. Digestibility of globulin (untreated or treated)

Heat treatment clearly improved the pepsin digestibility
of globulin from 35.8 to 62.7 mg Leu/g protein (P < 0.05)
(Fig. 2). Adding rutin to the digestion solution increased
the digestibility to 33.2 mg Leu/g protein after 1 h of diges-
tion time, and this value approximated the final digestibil-
ity of globulin (untreated) which showed that adding rutin
caused an increase in the initial proteolysis rate. It is appar-
ent that rutin addition should not adversely affect the
digestibility of globulin. This is in disagreement with the
earlier report, which concluded that tannic acid and cate-
chin exhibited a significant inhibitory effect on the in vitro
peptic and pancreatic digestion of common buckwheat
globulin (Ikeda et al., 1986). Treatment with 2-ME had
no effect on in vitro pepsin digestibility of globulin
(Fig. 2), which indicated that globulin had lower levels of
disulfide bonds.

3.1.3. Digestibility of prolamin (untreated or treated)

The effect of heat treatment on the digestibility of prola-
min was significant (P < 0.05), and the digestibility was
increased from 26.9 to 68.2 mg Leu/g protein (Fig. 3). Add-
ing rutin to the digestion solution also increased the digest-
ibility to 40.5 mg Leu/g protein (P < 0.05). Treatment with
2-ME improved the digestibility to 36.1 mg Leu/g protein
(P < 0.05), which was a significantly greater increase than
those of albumin and globulin. This suggested that the
reduction of inter- and intramolecular disulphide bonds
of prolamin caused the structure disruption and enhanced
the accessibility of sites susceptible to digestion. Boonvisut
Fig. 2. Digestibility (mg Leu/g protein) of globulin (untreated or treated).
Each value is expressed as means ± SD (n = 3).



Fig. 3. Digestibility (mg Leu/g protein) of prolamin (untreated or
treated). Each value is expressed as means ± SD (n = 3).

Fig. 5. SDS–PAGE of residual protein fractions (untreated) under
reductive conditions: a, albumin; b, globulin; c, prolamin; d, glutelin; s,
molecular weight marker.
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and Whitaker (1976) reported that cleavage of disulfide
bonds increased the in vitro digestibility of the soybean pro-
teins. Compared with albumin and globulin (untreated),
the digestibility of prolamin (untreated) was lower. The
lower digestibility of prolamin may be related to the com-
pact structure and native conformation which hinder the
susceptibility to proteolysis. On the other hand, prolamin
is a hydrophobic protein, while enzymes function in an
aqueous environment. Therefore prolamin may be less
accessible to the enzyme and less digestible than albumin
and globulin.

3.1.4. Digestibility of glutelin (untreated or treated)

Heat treatment with glutelin clearly improved the pepsin
digestibility from 31.2 to 75.8 mg Leu/g protein (P < 0.05)
(Fig. 4). Although the in vitro pepsin digestibilities of the
four protein fractions were significantly increased by heat
treatment, their final digestibilities were different. This
may be related to the sequence of the protein, amino acid
composition, molecular size and steric impediment. Adding
rutin to the digestion solution also increased the digestibil-
ity to 41.8 mg Leu/g protein (P < 0.05) (Fig. 4). The
increased digestibility found in assayed protein fractions
Fig. 4. Digestibility (mg Leu/g protein) of glutelin (untreated or treated).
Each value is expressed as means ± SD (n = 3).
may be due to a change in their tertiary structure that
enhances further pepsin hydrolysis (Martinez & Moyano,
2003). Treatment with 2-ME improved the pepsin digest-
ibility of glutelin from 19.8 to 26.9 mg Leu/g protein after
1 h of digestion time, and the final digestibility was
increased to 33.9 mg Leu/g protein after 3 h. The result
showed that treatment with 2-ME caused a higher initial
proteolysis rate and slight improvement in the final digest-
ibility of glutelin. The effect of disulfide bond breakage on
the digestibility of glutelin was similar to that of albumin,
which indicated that the disulfide bonds of glutelin were
mainly located at the surface of the protein bodies.

3.2. SDS–PAGE of residual protein fractions

Under reductive electrophoretic conditions, the remain-
ing proteins of unhydrolyzed albumin, globulin, prolamin
and glutelin (untreated) shared some similarities (Fig. 5).
After pepsin digestion, the residual protein of four frac-
tions showed diffused electrophoretic bands. They also
exhibited a minor band at 20,000 Da and a broad band
at 10,000–14,000 Da. In addition, globulin shared a band
at 9000 Da.

4. Conclusions

The present study showed that the in vitro pepsin digest-
ibilities of the four protein fractions were different. The
native structure of the four protein fractions may be
destroyed by heat treatment, and the digestibilities were
all improved significantly. Adding rutin to the digestion
mixture of the four fractions caused a significant increase
in pepsin digestibility, except for globulin, which suggested
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that rutin addition did not adversely affect protein hydroly-
sis. Treatment with 2-ME only caused a higher initial pro-
teolysis rate and did not increase the final digestibility
clearly except for prolamin, which may be related to the
location of disulfide bonds and their content. After pepsin
digestion, the remaining proteins of unhydrolyzed albumin,
globulin, prolamin and glutelin (untreated) shared some
similarities. They also exhibited a minor band at
20,000 Da and a broad band at 10,000–14,000 Da.
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