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Abstract Chinese quince seed proteins were sequentially
extracted based on the modified Osborne method. Investi-
gations showed that albumin and glutelin were the major
fractions. The physicochemical and functional properties of
these two fractions were determined. The results showed
that both albumin and glutelin posed appropriate essential
amino acid composition and met the minimum recom-
mendation (World Health Organization/Food and Agri-
culture Organization) for adult diet, except for methionine.
The hydrophobicity of albumin and glutelin were 1063.56
and 1170.21, respectively. According to differential scan-
ning calorimeter analysis, the denaturation temperature of
albumin and glutelin was 101.44 °C and 108.36 °C
respectively, and the glutelin fraction had a better thermal
stability. The solubility and apparent viscosity of albumin
and glutelin were presented to be greatly influenced by pH
values. The water holding capacity and oil adsorption
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capacity of glutelin were 5.44 g/g and 8.15 g/g, higher than
those of albumin which were 3.76 g/g and 3.71 g/g,
respectively. Circular dichroism determination revealed
albumin and glutelin were mainly composed by o-helix and
random coil structures. Albumin and glutelin presented the
potential as favorable nutrition and functional additive in
food industries.

Keywords Chinese quince seed - Albumin - Glutelin -
Amino acid composition - Functional properties

Introduction

Proteins are necessary for human as they provide us with
essential nutrition and functions. In general, animal-
derived proteins are the first choice as they pose more
appropriate essential amino acid composition and are easier
to be adsorbed by human. Whereas, with the ever-in-
creasing consumption for proteins and the increasing
worries about the safety of animal-based proteins. Gener-
ally, the sources of animal-based protein were fish, shrimp,
poultry meat, egg, and milk. However, with the booming
population, natural cultured way could not meet the
explosive demand of animal-based protein. The large scale
of artificial culture therefore emerged. Whereas, the bad
breeding environment, feed safety problems and abuse of
antibiotic caused consumers worries about the safety of
animal-based proteins. Therefore, the exploration of new
source of plant proteins had drawn growing interests in
recent years.

Plant proteins are abundant and renewable in nature,
therefore they can be a better alternative to replace or
partially replace the expensive animal-derived proteins in
food industries. Besides being directly served as foods,
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plant proteins are also widely used as food additives, such
as thickeners, stabilizers, emulsifiers, gelling agents, as
well as packaging films. The extensive applications of plant
proteins in food products are mainly due to their special
functional properties. There are considerable amounts of
reports investigating the functional characteristics of plant
proteins from different species, while many of them are
undesirable, such as poor solubility of Pisum sativum L.
seed protein isolate (below 30%) (Adebiyi and Aluko
2011), low thermal stability of field pea protein isolate
(mean denaturation temperature was 83.8 °C) (Shevkani
et al. 2015), and weak oil adsorption capacity of Ginger-
bread plum proteins (1.06-2.06 g/g) (Amza et al. 2011).
These disadvantages greatly limit their application in food
industry, and therefore the studies on new plant proteins are
urgent.

Chinese quince (Chaenomeles speciose (Sweet) Nakai)
belongs to the Rosaceae family, and is mainly planted in
China. Previous study had reported the pulps of Chinese
quince posed many outstanding bioactivities, such as
antitumor, antioxidant and immunoregulatory properties.
Thus, Chinese quince fruits are widely served as food and
health products. Chinese quince seed, the main by-product
after pulps processing, is underutilized. Chinese quince and
its plant seeds were presented in Fig. 1. In our previous
study, a high protein content (about 28%) was detected in
Chinese quince seed (dry base) indicating it is a great
source of proteins. However, no references refer to the
usage of Chinese quince seed protein as food or food
additive, and this may due to little research had been car-
ried out about its physicochemical and functional proper-
ties. Plant seeds generally contained different types of
proteins, and their nutrition and functional properties could
be different. These would affect their applications in food
industry. The explorations of Chinese quince seed proteins
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Fig. 1 Chinese quince (Chaenomeles speciose (Sweet) Nakai) and
Chinese quince seeds

nutrition and functionalities could make it to be applied as
food additive in food industries.

Hence, this study aims to investigated proteins extracted
from Chinese quince seed. According to Osborne proce-
dure, proteins can be divided into 4 fractions: albumin,
globulin, prolamin, and glutelin. Lots of works has been
conducted to investigate the various source of plant protein
fractions, such as Akebia trifoliata var. australis seed
protein fractions (Du et al. 2012), rice bran protein frac-
tions (Adebiyi et al. 2010), and grape seed endosperm
protein fractions (Gazzola et al. 2014). Meanwhile, the
content of each fractions in different plant protein varies
greatly. Cowpea was rich in albumin (71.4%) (Ragab et al.
2004), while 61% globulin was detected in tomato seed
(Chen et al. 2018). Prolamin was the major fraction in corn,
however glutelin was the dominant fraction in yellow field
pea seed protein isolate (Adebiyi and Aluko 2011).
Moreover, the physicochemical and functional character-
istics among diverse fractions are also different. The
albumin of African yam bean seed was almost soluble in
water, while the solubility of globulin was below 50%
(Ajibola et al. 2016). The thermal property of albumin and
glutelin in chia seeds were significantly different, as the
denaturation temperature of albumin was 103.6 °C,
whereas was only 91.3 °C of that in glutelin (Sandovalo-
liveros and Paredeslopez 2013). These different characters
greatly influence their applications in food industries.
Whereas, no information related to Chinese quince seed
protein fractions, especially physicochemical and func-
tional properties can be referred to. Given the convenient
availability, high quality and little studies on Chinese
quince seed proteins (CSP), explorations on the CSP are
essential.

Before being applied in certain food system, it is nec-
essary to characterize the physicochemical and functional
properties of CSP. Therefore, in this study, CSP will be
sequentially extracted according to Osborne method.
Physicochemical and functional characteristics of major
protein fractions will be evaluated. These may contribute to
the innovative utilization of Chinese quince seed, still
underutilized, as new protein source to be served as func-
tional ingredients in food industries.

Materials and methods

Materials

The Chinese quince (Chaenomeles speciose (Sweet) Nakai;
family Rosaceae) seeds were produced in Sichuan, China.
Sodium  8-anilino-1-naphthalenesulfonate (ANS) was

bought from TCI Co., Ltd. (Shanghai, China); all other
reagents and chemicals were of analytical grade.
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Protein extraction and fraction

Prior to extraction, the hull of Chinese quince seed was
removed, and then they were grinded into flour. Next, the
dehulled seed was defatted in a Soxhlet unit by petroleum
ether at 45 °C for 12 h and was dried until the solvent was
completely removed.

The extraction procedure referred to a modified
Osborne method (Deng et al. 2011) with some modifi-
cations. Briefly, defatted seed flour was mixed with
distilled water (ratio 1:10, w/v) firstly and the suspension
was stirred for 2 h at room temperature, then the sus-
pension was centrifuged at 8000g for 10 min. The
supernatant was collected and designated as crude albu-
min faction. The pellet was re-dispersed and extracted
with 0.5 M NaCl, after centrifuging the resulting super-
natant was denoted as globulin fraction. The residue was
then dispersed in 70% ethanol and extracted under con-
stant stirring, and this slurry was then centrifuged and
the supernatant was referred as prolamin fraction. The
glutelin fraction was extracted from the residue by 0.1 M
NaOH. Supernatant containing albumin, globulin and
glutelin was precipitated using 1 M HCI or NaOH and
placed at 4 °C for 1 h. After centrifuging at 6000g for
10 min, the precipitate was washed with distilled water
twice and neutralized. After that, the dispersion was
dialyzed against distilled water for 48 h, and each frac-
tion was freeze-dried. To obtain prolamin, the super-
natant was dialyzed against distilled water for 48 h and
freeze-dried.

Physicochemical properties
Chemical composition

The moisture, ash, lipid and protein (%N x 6.25) con-
tents were determined using Association of Official
Analytical Chemists procedures 925.1, 923.03, 920.85 and
920.87 [AOAC (2000). Official methods of analysis of
AOAC international (19th ed.)]. To exam the moisture, a
certain amount of sample was placed in a drying oven at
105 °C for 3 h and the moisture could be obtained by
calculating the loss of weight after drying. To determine
the content of ash, pre-weighted sample was burned in a
muffle at 600 °C for 4 h. The mass of the burned residue
divided the mass of pre-weighted sample was the ash
content. The protein content was analyzed using micro-
kjeldahl method. The total carbohydrate content was
analyzed according to the phenol-sulphuric acid method
(Dubois et al. 1980). Briefly, a gradient of glucose solu-
tion was used to build a standard curve and the total
carbohydrate content was determined using spectropho-
tometry method.

@ Springer

Amino acid composition

The determination of amino acid composition of Chinese
quince seed protein fractions was carried out according to
previous report by Rezig et al. (2013) with slight modifica-
tions. First, 20 mg protein samples were accurately weighted
and placed in dry tubes, then4 mL of 6 M HCl was added into
each tube. Next, the tested tubes were air-exhausted and the
protein samples were hydrolyzed at 110 °C for 24 h. After
that, the hydrolyzed samples were analyzed using an auto-
matic amino acid analyser L-8800 (Hitachi, Tokyo, Japan). In
general, cystine was unstable in direct hydrochloric acid
hydrolysis and this could lead to comparatively low value.
Therefore, protein samples need to be oxidized to retain sta-
bility before hydrochloric acid hydrolysis. In order to deter-
mine the content of cystine, 20 mg of protein sample was
incubated with 2 mL of performic acid solution [containing
formic acid/30% hydrogen peroxide (19:1, v/v)] for 16 h at
room temperature. Subsequently, 0.3 mL HBr was trans-
ferred to the mixture to end the reaction and the mixture was
dried using rotary evaporation method. The resultant sample
was redissolved in 1 mL distilled water, and then it was
evaporated. This procedure was repeated for three times to
remove the residual performic acid. Finally, the obtained
sample was processed with hydrochloric acid hydrolysis as
mentioned above. Tryptophan could be destroyed during the
acid hydrolysis, and therefore sodium hydroxide was used
instead of HCI to hydrolyze the sample. The content of
tryptophan was determined according to a previous report
(Spies 1967). The amino acid contents were expressed as g
amino acid/100 g protein.

Sulfhydryl group (SH) and disulfide bond (SS) contents
determination

The sulthydryl group and disulfide bond were determined
referred to Beveridge et al. (2010) with some modifica-
tions. To determine the free SH, 30 mg protein sample was
dissolved in 10 mL Tris-Gly buffer (0.086 M Tris, 0.09
Gly and 4 mM EDTA, pH 8, denoted as Tris-Gly) con-
taining 8 M urea. Then, 50 puL of Ellman’s reagent (5,5'-
dithio-bis-2-nitrobenzoic acid in Tris-Gly buffer, 4 mg/
mL) was added and dispersion was incubated at 25 °C for
60 min. After centrifuging, the supernatant was collected
and its absorbance at 412 nm was measured, meanwhile
the Tris-Gly buffer containing Ellman’s reagent was used
as a blank. To determine total SH, 15 mg protein sample
was suspended in 10 mL Tris-Gly buffer containing 8 M
urea, and 100 pL of 2-mercaptoethanol was subsequently
added. This dispersion was allowed to incubated for
60 min at 25 °C. After incubation, 10 mL 12% tri-
chloroacetic acid was added and followed by centrifuging
at 8000g for 10 min. The precipitate was twice washed
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with 12% trichloroacetic acid to remove 2-mercap-
toethanol. The precipitated proteins were redissolved in
10 mL Tris-Gly, and 50 pL. Ellman’s reagent was added for
color development. The content of SH and SS was calcu-
lated as Eqgs. (1) and (2),

SH (uM/g) = 73.53 X A41p x D/C (1)
SS (uM/g) = (Total SH value — Free SH value)/2  (2)

where 73.53 is a coefficient derived from 10%/(1.36 x 10%);
1.36 x 10* was the molar absorptivity and 10 was for
conversions from the molar basis to the pmol/mL basis and
from mg protein to g protein; A4y, was the absorbance of
protein dispersion at 412 nm; D was the dilution factor; C
was the protein concentration (mg/mL).

Determination of surface hydrophobicity (Sy)

The surface hydrophobicity was determined based on the
method from Kato and Nakai (1980) using sodium 8-ani-
lino-1-naphthalenesulfonate (ANS) as the hydrophobic
fluorescent probe. Briefly, protein samples were dissolved
in distilled water and stirred for 30 min at room tempera-
ture. After centrifuging, the protein concentration of
supernatant was determined according to Bradford method
(Bradford 1976), then each supernatant was serially diluted
to obtain protein concentration ranging from 50 to 250 pg/
mL. Next, 50 pL of ANS (8.0 mM) was added to 4 mL
solution. The fluorescence intensity (FI) of the sample was
determined at 380 nm (excitation) and 470 nm (emission)
using a LS 55 fluorescence spectrophotometer (Perk-
inElmer, USA). The FI of diluted solutions without probe
and ANS solutions were also measured as controls. Sy was
the initial slope of FI values plot against protein concen-
trations plot as calculated linear regression.

Thermal properties

The thermal characteristics of protein samples were eval-
uated by a differential scanning calorimeter (DSC 8500,
PerkinElmer, USA). First, 15% protein sample dispersion
was prepared in distilled water and allowed to hydrate over
night before analysis. Next, the dispersion was accurately
weighted and hermetically sealed in an aluminium pan.
The sealed pan was scanned by the calorimeter from 30 to
140 °C at 5 °C/min. An empty pan was used as a reference.

Functional properties
Protein solubility (PS)

The solubility of Chinse quince seed protein factions were
determined according to Cepeda et al. (1998) with few

modifications. Briefly, 1% (w/v) protein dispersions were
prepared in distilled water; 10 mL dispersion were taken
and adjusted to desired pH using 1 M HCI or 1 M NaOH.
The dispersion was then centrifuged at 6000g for 10 min
and the protein content was measured using the Bradford
(1976) method, meanwhile the bovine serum albumin was
used as a standard. The Combustion Nitrogen Analysis was
used to determine the total protein content of samples. The
protein solubility was calculated according to Eq. (3).

protein in the supernatant
total protein

Protein solubility = x 100 (3)

Determination of water holding capacity (WHC)

The method to evaluate the WHC was according to
Shchekoldina and Aider (2014) with some modifications.
Briefly, 3 g protein sample was taken and mixed with
25 mL of distilled water in a pre-weighted centrifuge tube.
The tube was vortexed thoroughly for 1 min and stand for
30 min at room temperature. After that, the dispersion was
centrifuged at 6000g for 10 min, and the supernatant was
decanted carefully. The weight of precipitate and cen-
trifuge tube were determined. WHC of the sample was
calculated as Eq. (4),

WHC (g/g) = (W2 —W1)/W, (4)

where W, (g) was the weight of centrifuge tube and pre-
cipitated protein after absorbing water; W, (g) was the
weight of centrifuge tube and protein sample; W, (g) was
the weight of protein.

Measurement of fat absorption capacity (FAC)

The FAC was measured as reported by Beuchat (1977)
with minor modifications. First of all, 1 g protein sample
was taken and mixed with 20 mL commercial corn oil in a
pre-weight centrifuge tube. The mixture was vortexed
thoroughly and stand for 1 h, and then it was centrifuged at
6000g for 10 min. The supernatant oil was discarded, and
the weight of sediment and centrifuge tube were deter-
mined. The FAC was calculated as Eq. (5),

FAC (g/g) = (G2 — G1)/Go (5)

where G, (g) was the weight of centrifuge tube and pre-
cipitated protein after absorbing oil; G, (g) was the weight
of centrifuge tube and protein sample; Gy (g) was the
weight of protein.

Heat coagulability
The method to evaluate the heat coagulability was referred

to Myers et al. (1994). In brief, 5% protein dispersion was
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prepared in 0.1 M phosphate buffer (pH 7.0) with stirring
for 1 h, then the dispersion was centrifuged at 8000g for
20 min. After centrifugation, the protein content of super-
natant was measured using the Biuret method, and mean-
while 15 mL of the supernatant was taken and transferred
into a test tube. The tube contained protein solution was
boiled in a water bath for 30 min, cooled to ambient
temperature and then centrifuged at 8000g for 20 min. The
protein content of the supernatant was determined and the
loss of protein solubility after heating was denoted as heat
coagulability.

Viscosity measurement

The apparent viscosity of protein samples at different shear
rate was determined according to Gao et al. (2018) with
minor modifications. Briefly, 1.5 g protein sample was
dispersed in 10 mL distilled water and pH was adjusted to
7.0. The dispersion was stirred for 1 h and scored at 4 °C
for overnight. Before analysis the dispersion was balanced
at 25 °C for 2 min, and the viscosity of sample dispersion
was determined by a rotational viscometer (Haake Mars,
Thermo Scientific, USA).

Circular dichroism (CD) spectra determination

CD spectroscopy was conducted by using an instrument
J-1500 (Elementar) and a quartz cell with 0.1 mm optical
path length at 25 °C. For determination, protein sample
was dissolved in 0.01 M phosphate buffer to provide
0.2 mg/mL solution. The second structural composition of
sample was measured using the CD spectra from 185 to
245 nm. Each measurement for the samples was repeated
three times. The structural parameters (a-helix, B-Sheet, B-
turn and random coil) were automatically calculated by the
system software.

Statistical analysis

All experiments were conducted at least in triplicate. The
data analyses were performed using Microsoft Excel 2016.
The results were expressed as the mean + standard
deviation.

Results and discussions

Protein fractions

Chinese quince seed protein fractions were extracted
referred to modified Osborne procedure as described above.

Results showed that albumin (water soluble) and glutelin
(NaOH soluble) were the major fractions in Chinese quince
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seed, accounting for 27.31% and 69.53% respectively.
Whereas, only 2.69% globulin (salt soluble) and 0.47%
prolamin (ethanol soluble) were detected. This indicated the
major storage proteins of Chinese quince seed were albumin
and glutelin fraction. Therefore, in the following study, we
will focus on the study of physicochemical and functional
properties of albumin and glutelin in the aim of evaluating
their potential application in food industry.

Physicochemical properties

Chemical composition of Chinese quince seed, albumin
and glutelin

The proximate compositions of whole Chinese quince seed,
Chinese quince seed albumin and Chinese quince seed
glutelin were determined and shown in Table 1. As
observed, the moisture, ash, lipid, total carbohydrate and
protein in whole Chinese quince seed was 6.85%, 2.29%,
29.83, 17.62% and 28.9%, respectively. Except for the
lipid, protein was the major composition of this plant seed.
After husking and defatting, the seed protein content
reached 55.3%, the defatted seed meal was extracted
according to Osborne procedure. Two major protein frac-
tions, albumin and glutelin, were obtained. The moisture,
ash, lipid, total carbohydrate and protein in albumin was
5.12%, 1.83%, 1.13%, 1.76% and 88.1%, respectively.
They were found to be 4.43%, 1.51%, 0.81%, 2.89% and
85.20% in glutelin. The high protein content of both
albumin and glutelin indicated the protein could be easily
obtained for industry. It could be implied that Chinese
quince seed might be a potential new source of plant pro-
tein since it has high contents of proteins.

Surface hydrophobicity (Sp) and sulfhydryl and disulfide
bond contents

S mainly depends on the amounts of exposed hydrophobic
regions on the protein surface. Meanwhile, the hydrophobic
amino acids and pH also influence Sy. In this study, Sg of
albumin and glutelin at neutral condition was evaluated as
1063.56 and 1170.21 respectively. The Sy of albumin and
glutelin was much higher than that of A. trifoliata var.
australis seed protein isolate (319.4) (Du et al. 2012). This
could be due to their high amounts of hydrophobic amino
acids. The markedly high S, values of albumin and glutelin
indicated a substantial existence of unaggregated proteins
in each protein fraction which could diffuse quickly at the
air/liquid interface, and enhance the foaming capacity.
Additionally, high Sy imparts proteins with better surface
activity and can promote their interactions with oil target,
and therefore albumin and glutelin could be used as
emulsifying agent.
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gi)?)tn}espggi;iﬁzegiicise Chemical components Whole seed Albumin Glutelin

g?&:‘;‘i“nseed’ albumin and Moisture (%) 6.85 + 0.26 512+ 0.11 443 £ 0.19
Ash (%) 2.29 £+ 0.07 1.83 £+ 0.08 1.51 £ 0.13
Lipid (%) 29.83 £ 0.61 1.13 £ 0.17 0.81 £ 0.03
Total carbohydrate (%) 17.62 + 0.31 1.76 £ 0.26 2.89 £ 0.18
Protein (%) 28.9 £+ 0.81 88.10 £ 1.33 85.20 £ 1.56
Free sulthydryl group (uM/g) - 3.76 + 0.04 6.08 + 0.17
Total sulthydryl group (uM/g) - 21.93 £ 0.62 39.22 + 0.58
Disulfide bond (uM/g) - 9.09 £+ 0.15 16.57 &+ 0.34

Surface hydrophobicity

- 1063.56 £+ 5.61 1170.21 £ 11.20

Results were presented as the mean =+ standard deviation (n = 3)

The structural stability and rigidity of proteins are
generally corelated to the sulthydryl groups and disulfide
bonds (Hu et al. 2010). In this study, the free sulfhydryl
groups, total sulfhydryl groups and disulfide bonds contents
of albumin and glutelin were determined, and the results
were shown in Table 1. The free SH content of glutelin was
6.08 uM/g, significantly higher (p < 0.05) than that of
albumin (3.76 puM/g). This was probably due to the alkali
extraction solvent (0.1 M NaOH) unfolded the proteins and
more SH were exposed, while albumin was extracted by
distilled water and therefore showed lower SH. The SS
content of albumin and glutelin was 9.09 and 16.57 uM/g
of protein respectively. According to Du et al. (2012), the
proteins in folded conformation can be stabilized by SS and
the conformational entropy will also be reduced, thereby,
promoting the thermal stability. This hinted that Chinese
quince seed proteins might have good thermal performance
due to its higher content of SS in glutelin.

Amino acid composition

The amino acid composition greatly influenced the proteins
biological properties. The amino acid composition of albu-
min and glutelin was showed in Table 2. It can be seen that
albumin and glutelin had very similar amino acid patterns.
Glutamic acid in albumin and glutelin were 25.80 g/100 g
and 24.2 g/100 g respectively, and it was the dominant
amino acid. According to Sandovaloliveros and Pare-
deslopez (2013), the protein contained high levels of glu-
tamic acid exhibited the ability to stimulate the immune and
central nervous systems of humans. In addition, glutamic
acid was credited with good antioxidant capacity as the
existence of excess electrons could interact with the free
radicals. Albumin and glutelin also presented high amounts
of aspartic acid, ie., 11.0g/100 g and 11.3 g/100 g
respectively. Though aspartic acid was non-essential amino
acid, it could be helpful to regulate the hormonal levels and
facilitate the nervous system running properly. Additionally,
higher levels of arginine (8.98-9.48 g/100 g) and lower

lysine (1.78-1.90 g/100 g) in albumin and glutelin could
affect the cells uptake of arginine, which might be helpful in
treating cardiovascular disease (Wells et al. 2005). The
characteristic amino acid patterns of albumin and glutelin
were also summarized in Table 2. Both albumin and glutelin
showed high amounts of acidic amino acid, and it was
similar to the result of Chinese quince seed protein isolate
(Deng et al. 2019). This was a common phenomenon in seed
storage proteins. Moreover, the contents of hydrophobic
acids found in albumin (30.14 g/100 g) and glutelin
(31.13 g/100 g) were much higher than that of tree peony
seed protein (20.87%) (Gao et al. 2018), and this would
impart albumin and glutelin with more stable structures by
forming compact interior core. The steady interior core
reduced the exposure of hydrophobic regions and this could
avoid the aggregation of proteins (Siow and Gan 2014).

In order to better understand the nutritional benefits, the
essential amino acids of albumin and glutelin were com-
pared with those of World Health Organization/Food and
Agriculture Organization (WHO/FAO) recommendations
for adult diet and the result was presented in Table 2. The
unbalanced essential amino acid composition was the
major reason which limited the application of plant pro-
teins in food industries. As observed, both albumin and
glutelin showed desired essential amino acid composition
and the contents were basically exceeded WHO/FAO rec-
ommendations for adults except for methionine. Though
albumin and glutelin showed low contents of methionine,
they were still higher than that of Paeonia suffruticosa
Andr. seed protein (0.48%) (Zhong et al. 2014). Consid-
ering the abundant essential amino acids though less lever
of methionine, albumin and glutelin in Chinese quince seed
still can be important sources of essential amino acids in
food industry, especially for adult diet.

Thermal properties

Heating is a common way during food processing, and can
cause thermal disruptions of proteins. DSC can be used to
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Table 2 The amino acid

. . Amino acid
composition of albumin and

Albumin (g/100 g)

Glutelin (g/100 g) fWHO/FAO (g/100 g)

glutelin fractions of Chinese Adult
quince seed proteins Essential amino acid (EAA)
Histidine (His) 2.06 + 0.05 2.08 + 0.02 1.60
Isoleucine (Ile) 3.18 + 0.12 3.18 £ 0.11 1.30
Leucine (Leu) 5.98 + 0.09 6.22 + 0.16 1.90
Lysine (Lys) 1.78 £+ 0.03 1.90 £+ 0.11 1.60
Methionine (Met) 0.87 £ 0.04 0.64 £ 0.01 1.70
Phenylalanine (Phe) 4.49 + 0.17 4.59 + 0.12
Threonine (Thr) 2.27 + 0.05 2.57 + 0.06 0.90
Valine (Val) 3.67 +£ 0.07 3.80 £ 0.12 1.30
Tryptophan (Trp) 1.13 + 0.03 1.02 £ 0.01 0.50
Non-essential amino acid (NEAA)
Aspartic acid (Asp) 11.0 £ 0.43 11.3 £ 0.29
Glutamic acid (Glu) 25.80 £+ 0.59 242 £ 0.39
Serine (Ser) 3.63 £ 0.11 3.88 £ 0.07
Cystine (Cys2) 0.59 + 0.02 0.30 + 0.01
Glycine (Gly) 4.92 4+ 0.53 5.20 £ 0.04
Tyrosine (Tyr) 2.64 + 0.11 2.73 £+ 0.05
Arginine (Arg) 9.48 + 0.15 8.98 + 0.28
Alanine (Ala) 3.76 + 0.17 4.11 £ 0.03
Proline (Pro) 3.27 + 0.04 3.39 + 0.06
“Acidic 36.80 355
"Hydrophobic 30.14 31.13
“Branched-chain 12.83 13.20
“Basic 13.32 12.96
¢Aromatic 7.13 7.32
Results were presented as the mean + standard deviation (n = 3)
#Acidic amino acids: Glu, Asp
bHydrophobic amino acids: Gly, Ala, Val, Leu, Pro, Met, Phe, Ile
“Branched-chain amino acids: Ile, Leu, Val
9Basic amino acids: Lys, Arg, His
®Aromatic amino acids: Tyr, Phe
WHO/FAO: World Health Organization/Food and Agriculture Organization (WHO/FAO)

recommendations

supply essential information about thermal properties
which can guide the protein processing in industries. The
thermal characteristics of albumin and glutelin were eval-
uated. The peak denaturation temperature (7,;) of albumin
and glutelin was 101.44 °C and 108.36 °C respectively,
and was much higher than that of many plant proteins, such
as albumin (7,= 72.96 °C) and glutelin (7= 69.92 °C)
protein fractions from mulberry leaf (Sun et al. 2016). This
suggests that both albumin and glutelin in Chinese quince
seed have good thermal stability. This could be owed to
their high amounts of hydrophobic amino acid in albumin
and glutelin fraction as strong hydrophobic interactions
generally result in high 7, which is consistent with our
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result that albumin and glutelin contains considerable
hydrophobic amino acid (Chen and Paredes-Lopez 2010).
Moreover, glutelin displayed higher 7, than albumin in this
study and was consistent with the conclusion that the polar
albumin had lower T, as compared with less polar glutelin
(Angel et al. 2003). Overall, high T, of proteins ensured
less loss of natural bioactivity in heating processing. As
denaturation takes place, the internal hydrophobic regions
will be exposed and decrease protein solubility, influencing
the application in industries, and this should be prevented.
The AH is the energy needed for denaturation and can
reflect the extent of undenatured proteins. The AH of
albumin and glutelin was determined as 96.07 J/g and
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207.20 J/g respectively which was superior to other
reported plant proteins, such as, the albumin (AH = 12.60
J/g) and glutelin (AH = 6.2 J/g) from chia seed protein
fractions (Sandovaloliveros and Paredeslopez 2013). Our
results suggested that the natural characteristics of albumin
and glutelin were almost preserved as less denaturation
were generated during extraction and freeze-drying pro-
cedure. Considering the thermostability of albumin and
glutelin found in Chinese quince seeds, they are possible to
be applied in food industries undergoing high-temperature
processing, like cake batters.

Functional properties
Protein solubility (PS)

Solubility was a vital characteristic for proteins as it greatly
affected those functional properties, such as water holding
ability, emulsifying properties and gelling capacity. So,
they will influence their applications. The PS of albumin
and glutelin affected by pH were investigated and the
results were displayed in Fig. 2a.

As observed, pH values greatly affected the PS of
albumin and glutelin. As pH increased from 2 to 4, the PS
of albumin and glutelin decreased sharply, and it reached
minimum values at pH 4.0. This indicated the isoelectric
point of albumin and glutelin was near pH 4.0. The poor PS
around isoelectric point was contributed by the low net
charge of protein molecules which weaken the electrostatic
repulsion among the protein molecules and resulted in
aggregation and precipitation. However, as pH increased
from 5 to 12, the PS of albumin and glutelin increased
gradually and they were most soluble at pH 12.0. Two
major reasons might result in the growing PS, i.e., one
being the increasing net charge of protein molecules
enhanced the electrostatic repulsion, and another being the
interactions between water and proteins were strengthened
as pH increased. Furthermore, albumin showed better PS
than glutelin among the tested pH values. This could be
explained by the higher content of hydrophobic amino acid
in glutelin, meanwhile our result also suggested the higher
hydrophobicity of glutelin. Solubility and hydrophobicity
were opposite characteristics, as solubility was the ten-
dency of protein to interact with water, while hydropho-
bicity was the tendency of protein to interact with protein
molecules becoming insoluble. The PS of albumin was
46.5 at pH 7.0 which was lower than that of Torreya
grandis seed protein isolate (over 80%), whereas it was still
comparatively to that of freeze-dried soy protein isolate
(40.8%) (Yu et al. 2017; Hu et al. 2010). The high PS of
albumin at neutral condition was important for industrial
applications, like beverage.
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Fig. 2 Functional properties of albumin and glutelin: a solubility of
albumin and glutelin affected by pH values; b the apparent viscosity
of albumin and glutelin at different shear rate. Results are expressed
as the mean =+ standard deviation (n = 3). the same index marked
with different letter means significantly different (p < 0.05)

Water holding capacity (WHC) and oil adsorption capacity
(OAC)

WHC is an important functional property of proteins as it
greatly influences the mouthfeel and viscosity of foods, like
soups. It was found that WHC of albumin and glutelin was
3.76 g/g and 5.44 g/g respectively. Glutelin showed sig-
nificantly (p < 0.05) higher WHC than albumin. The sol-
ubility was a possible reason which led to this result.
Eladawy (2000) reported the more soluble protein pre-
sented poorer WHC. The WHC of albumin from Africa
yam bean seed was not reported as it was completely sol-
uble (Ajibola et al. 2016). The WHC of albumin and glu-
telin is unremarkable when compare with that of hemp seed
protein isolate (12.05 g/g) (Malomo and Aluko 2015). But
it was higher than safflower protein isolate (2.22 g/g) and

@ Springer



772

J Food Sci Technol (February 2020) 57(2):764-774

freeze-dried chia seed protein isolate (2.9 g/g) (Ulloa et al.
2011; Timilsena et al. 2016). According to the recom-
mendation from Aletor et al. (2002), the WHC of proteins
ranges from 1.49 to 4.72 g/g can be used in viscous food.
Thus, albumin of Chinese quince seed was also showed to
be possibly used in food industry.

OAC reflects the ability of nonpolar side chains in pro-
teins to bind fat. OAC is an important parameter as it
influences shelf life and flavor retention. OAC can be
affected by protein type, charge, hydrophobicity and oil
applied. The OAC of albumin and glutelin were evaluated
and the OAC of glutelin was 8.15 g/g, while only 3.71 g/g
of that was found in albumin. This was probably due to the
higher content of hydrophobic side chains in glutelin
resulting in stronger protein-lipid interactions. Similar
result was reported by Sun et al. (2016) that the glutelin
from mulberry leaf presented higher OAC than albumin.
Moreover, the OAC of glutelin was higher than previous
reported proteins, such as lablab bean protein (4.9 g/g) and
T. grandis seed protein isolate (3.02-3.03 g/g) (Lawal et al.
2005; Yu et al. 2017). The remarkable OAC of glutelin in
Chinese quince seed imparts its probable application in food
industries where high OAC is desired, such as sausages.

Heat coagulability

Heat coagulability evaluates the susceptibility of proteins
to heating, and reflects the solubility reduction of proteins
under heating treatment. High temperature processing is a
common procedure in industries, and it can induce the
unfolded protein aggregation which greatly influenced the
functional properties of proteins. Many factors affected
protein’s heat coagulability, such as the variety of proteins,
pH, concentration, and ironic strength. Results showed that
glutelin presented lower (25.39%) loss of solubility after
heating treatment. And this also suggested it had better
thermal stability. In contrast, albumin showed higher heat
coagulability, and about 33.65% of its proteins turned to be
insoluble suggesting that albumin was more heat-labile.
This was consistent with our previous result as discussed in
DSC analysis that glutelin posed higher denaturation tem-
perature and AH. Though albumin exhibited a poor
capacity to resist heating in this study, it was better than the
albumin from tepary seeds which lost 49.58% solubility
after heating process (Idouraine et al. 2010). To summary,
glutelin in Chinese quince seed would be more suitable to
be served in certain food systems where high temperature
is inevitable, such as soup and bakery products.

Viscosity analysis

Viscosity can influence the mouthfeel of these foods with
addition of proteins, especially for beverages. The apparent
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viscosity of albumin and glutelin at different shear rate was
evaluated and the result was shown in Fig. 2b.

It was seen that both albumin and glutelin solution were
shear-dependent fluids and exhibited shear-thinning
behavior. The possible reason is that the apparent viscosity
decreased as shear rate increased. The viscosity decreased
as the shear rate increased possibly due to the disentan-
glement of macromolecular chains and the alignment of
microstructure in the shear flow direction. This resulted in
less interaction between adjacent polymer chains. The
apparent viscosity of glutelin solution decreased more
sharply than that of albumin solution. The different vis-
cosity characteristics of various protein solutions could be
attributed to their composition, surface charge, and
molecular size, etc. In this study, the significantly apparent
viscosity reduction was observed in glutelin compared with
that in albumin. This might be due to the higher
hydrophobic amino acid content imparted glutelin mole-
cules with more compact conformations. On the other
hand, as the shear rate increased, protein molecules deform
and disentangle consequently.

Circular dichroism (CD) spectroscopy

CD spectra is generally used to determine proteins sec-
ondary structures. In this study, the secondary structure
composition of albumin and glutelin was tested. The
albumin was composed of 36.6% o-helix, 14.8% [-sheet,
12.2% pB-turn and 36.4% random coil. The CD spectra
revealed that glutelin was composed of 32.0% a-helix,
9.4% B-sheet, 17.9% PB-turn and 40.6% random coil.
Overall, a-helix and random coil were the major compo-
sitions for both albumin and glutelin. However, a remark-
able decrease of o-helix and a significant increase of
random coil was observed in glutelin as compared with
albumin. This was probably due to the extreme alkali
conditions during glutelin preparation which led to an
increase of unordered structures, and a similar result was
reported by Du et al. (2012). Moreover, according to Gao
et al. (2018), the protein with higher content of random coil
will be more easily to be digested in human body. Thus,
glutelin in Chinese quince seed may be more appropriate to
be used as a food additive.

Conclusion

In this study, two major protein fractions, albumin and
glutelin, were obtained from Chinese quince seed. Both
albumin and glutelin showed high nutritional value as they
contained high amount of EAA. They could be candidate
for new source of protein for adult diet. The higher
denaturation temperature (108.36 °C) and better heat
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coagulability (25.39%) were observed in glutelin. There-
fore, glutelin might be preferable for use in food systems
where high temperature treatment was necessary. Glutelin
also exhibited satisfactory water holding capacity (5.44 g/
g) and oil holding capacity (8.15 g/g). These imparted
glutelin the potential to be applied as food additive, such as
sausages, cakes and breads. In addition, both albumin and
glutelin exhibited high hydrophobicity. Proteins with high
hydrophobicity could enhance their interaction with lipid
target of target organs. The possibility of albumin or glu-
telin to be applied in controlled/targeted delivery system
would be conducted in our following work. Meanwhile, the
bioactivities of glutelin and albumin would be conducted in
the next step.
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