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Stability and Emulsion-Forming Ability of Water-Soluble Fish
Myofibrillar Protein Prepared by Conjugation with Alginate
Oligosaccharide
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Carp myofibrillar protein (Mf) was conjugated with alginate oligosaccharide (AO) through the Maillard
reaction under low relative humidity, and the functional properties of the Mf—AO conjugate were
investigated under different NaCl concentrations and pH levels. Mf became highly solubilized at lower
NaCl concentrations by conjugation with AO, with a slight loss of available lysine. The thermal stability
of Mf was effectively improved by conjugation with AO. Heat treatment at 80 °C for 2 h had no effect
on the solubility of the Mf—AO conjugate attached to 227 ug/mg of AO regardless of the NaCl
concentration and pH. Furthermore, the Mf—AO conjugate showed excellent emulsion-forming ability
regardless of NaCl concentration. The improved functionalities of Mf by conjugation with AO remained
even at a nearly isoelectric point. These results indicate that conjugation with AO through the Maillard
reaction is an effective way to prepare high-functional food material from fish muscle protein.

KEYWORDS: Fish; myofibrillar protein; alginate oligosaccharide; neoglycoprotein; glycosylation; Maillard
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INTRODUCTION through the Maillard reaction to obtain new food functionalities.

dThe obtained neoglycoproteins are superior to native proteins

in terms of food functionality, for example, emulsion-forming

ability, antioxidant effect, and antimicrobial action. Character-

istics of fish Mf have also been improved by glycosylation using
he Maillard reaction. That is, fish Mf became water-soluble
y reaction with monosaccharides such as glucd€y and

Fish meat is an abundant protein source and is widely use
as a material for processed seafood. Fish myofibrillar protein
(Mf) has excellent functional properties such as emulsion-
forming ability, water-holding activity, and gel-forming ability.
Various kinds of processed seafood are manufactured using th

food functionality of fish myofibrillar protein. However, fish b 11 d the th | bili d lsion-formi
Mf is thermally and chemically unstable compared with that of rivose ( )’. and the thermal stability and emulsion-forming
ability were improved effectively by conjugation with polysac-

other vertebrates (1), and the food functionality is impaired haride (12). H h | reivntheti ;
easily as protein denaturation progresses. Therefore, the sups aride (12). However, the neoglycoprotesynthetic system

pression of protein denaturation during storage of materials and'Mpairs the nutritional valu.e of protein becayse th? reducing
food processing is important to the manufacture of high-quality sugars are attached teamino groups Of. lysine reIS|dues.of

processed seafood. Processing technologies such as a lowRrotein. On _the other hand, V\_/hen anlugat?d with a_llgl_nate
temperature storage to keep fish flesh at a temperature close té)llgosacchan_d (AQ), the solub|l_|ty of fish Mf In-a lOV.V lonic

freezing (partial freezing®j, mixing with edible cryoprotectants strength m(_ed|um was marKedIy improved W'thou.t a S|gn|f|cgnt
(3), and rapid neutralization of meat by washing with alkaline lO.SS of available Iy§|ne, which was nqt the case in the reac.tlon
solution @) have been developed for the suppression of protein with monosaccharldes (13): This f|n(_j|ng suggests that AQ IS a
denaturation during processing. These findings are significantgOOd material to prepare high-functional fish neoglycoprotein

for utilizing the functional properties of fish myofibrillar protein -

using the Maillard reaction.
at an intrinsic level, and they have contributed to the quality | N€ ObIective of this study is to investigate the stability of
control of processed seafood.

characteristics of fish Mf conjugated with AO. Water-soluble
Recently, the neoglycoproteiisynthetic system using the f'Sh. myofl_brlllar protgln was _prepared by c_o_njugatlon W'Fh
Maillard reaction has been focused on an effective method to aIgm_ate oh_g_osaccharlde, gnd its therm_al stability and emulsion-
improve the functional property of food protein. The system forming ability were examined under different NaCl concentra-
requires no chemical reagent, and food proteins such as

tions and pH levels.
ovalbumin (5, g-lactoglobulin @), phosvitin (3, lysozyme (8,
and protamine (9) are conjugated with various reducing sugars'\/lATER'ALS AND METHODS
Materials. A cultured live carp Cyprinus carpio) was obtained at
* Author to whom correspondence should be addressed (e-mail & local fish market. Sodium alginate from brown algae was purchased

saeki@fish.hokudai.ac.jp; fak81-138-40-5515). from Kanto Chemicals Co., Inc. (Tokyo, Japan). Bovine serum albumin
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Figure 1. Monitoring of reaction between Mf and AO. Browning intensity (®)
investigated during the Maillard reaction at 50 °C and 35% relative humidity.

(fraction V) was obtained from Merck Co. Ltd. (Darmstadt, Germany).
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, available lysine content (a), and amount of AO bound to Mf (O) were

homogenizer (Ultra-turrax T25/N-8G, IKA-Laboatechnik, Staufen,

All other chemicals (reagent grade) were purchased from Wako Pure Germany) operating at 13500 rpm for 60 s. Samples were immediately

Chemical Industries, Ltd. (Osaka, Japan).

Preparation of Myofibrillar Protein and Alginate Oligosaccha-
ride. Carp Mf was prepared from ordinary muscle of a cultured live
carp according to the method of Saek#] and suspended in 50 mM

centrifuged at 15000¢por 30 min at 4°C. The supernatant and the
total protein solution before centrifugation were mixed with an equal
volume of 2.0 M NaOH, and their protein concentrations were
determined according to the Bradford meth&8)(using bovine serum

NaCl. The protein concentration was measured by the biuret method albumin as a standard. The solubility was expressed as the ratio (percent)
(15) using bovine serum albumin as a standard. As previously described,of protein in the supernatant to that of the total protein solution. In the

AO was prepared by degrading sodium alginate using alginate lyase
which was purified from the culture medium &seudoalteromonas
elyakovii (IAM 14594) (16). The average degree of polymerization of
AO was 6.1.

Glycosylation of Myofibrillar Protein with Alginate Oligosac-
charide. Mf was conjugated with AO using the Maillard reaction
between the--amino group of the lysine residue in Mf and the end-
carbonyl group of AO. Mf suspended in a 50 mM NacCl solution
containing 0.6 M sorbitol was mixed with AO. The final concentrations
of Mf and AO were 6 and 54 mg/mL, respectively. Five milliliters of
the mixture was placed in a test tube (diametet6 mm), frozen at
—40°C for 1 h, and immediately lyophilized using a freeze-dryer (FDU-
506, Tokyo Rika Co. Ltd., Tokyo, Japan). The lyophilized Mf and AO
mixture was incubated at 5@ and 35% relative humidity for-0120
h. A humidity cabinet (model PR-1G, Tabai Espec Corp., Tokyo, Japan)
was used to control the temperature and the relative humidity. The Mf
conjugated with AO (Mf—AO conjugate) thus obtained was im-
mediately dissolved in various solutions by the following process.

Browning Intensity. Browning intensity is a simple indicator of
the progress of the Maillard reaction. The browning intensity of the

»preliminary experiment, we confirmed that unreacted AO and sorbitol

have no effect on the solubility of the MAO conjugate.

Isoelectric Point. The isoelectric points (p of carp myosin and
actin, the main protein components of Mf, were estimated with DNA/
protein analytical software (DNAsis, version 3.5, Hitachi Software Co.
Ltd., Tokyo, Japan). The primary structure of carp myog&)(and
actin (21) was used to estimate thiegh the proteins.

Thermal Stability. The thermal stability of the MfAO conjugate
was examined by monitoring the solubility change by heat treatment.
After the removal of unreacted AO and sorbitol by the ammonium
sulfate fractionation, the MfAO conjugate (2.0 mg/mL) was dissolved
in 0.05 and 0.5 M NaCl solutions containing 40 mM TFrimaleate—
NaOH (pH 5.5) or 40 mM Trismaleate (pH 7.5) and immediately
heated at 50—80C for 2 h with a water bath. After being cooled in
ice—water, each soluble fraction was obtained by centrifugation at
15000gfor 30 min at 4°C. The solubility was expressed as the ratio
(percent) of protein concentration before and after heating. The protein
concentration was determined according to the Lowry method (22).

Emulsion-Forming Ability. The emulsion-forming ability of the

Mf—AO conjugate was determined by measuring the absorbance at ;g conjugate was determined according to the method of Pearce

420 nm. The samples were dissolved in 10% (w/w) sodium dodecyl
sulfate (SDS) at 5 mg/mL of the final protein. This concentration
reduced scattering due to protein aggregates.

Available Lysine Content. The Mf—AO conjugate was dissolved
in 0.5 M NaCl containing 40 mM Tris-HCI (pH 7.5), and available
lysine content in the protein was determined by spectrophotometric
analysis using-phthalaldehyde and-acetylt-cysteine (17). Before
the analysis of available lysine, the protein was precipitated with 7.5%
trichloroacetic acid (at the final concentration) to remove the Tris buffer
and was redissolved in 50 mM phosphate buffer (pH 9.5) containing
2% SDS.

Amount of AO Bound to Mf. Sixty percent of saturated ammonium
sulfate at the final concentration was added to the-®M® conjugate
dissolved in 0.5 M NaCl containing 40 mM Tris-HCI (pH 7.5) at
2 °C. The Mf—AO conjugate was collected as a precipitate by
centrifugation and redissolved in 0.5 M NaCl (pH 7.5) three times to
remove unreacted AO. The amount of AO bound to Mf was determined
according to the phenol—sulfuric acid method (18).

Solubility. The Mf—AO conjugate was dissolived in 0.68.5 M
NaCl containing 40 mM glycineHCI (pH 2.5), 40 mM citrate-NaOH
(pH 3.5-5.0), 40 mM Tris-maleate-NaOH (pH 5.5-6.5), and 40 mM
Tris—HCI (pH 7.5) at 1.0 mg/mL of the final protein with a

and Kinsella 23). The protein concentration of the MAO conjugate
dissolved in 0.05 and 0.5 M NaCl (pH 5.5 or 7.5) was adjusted to 3.0
mg/mL. A total of 2.1 mL of the protein solution was added to 0.7 mL
of corn ail in a test tube (diameter 10.5 mm), and an oil-in-water
emulsion was prepared by using a homogenizer (Ultra-turrax T25/N/
8G) operating at 13500 rpm for 1 min in ice—water. After 1 min of
standing, 0.15 mL of the emulsion was taken from the bottom of the
test tube and diluted with 2.85 mL of 0.1% SDS at°25 The turbidity

of the diluted emulsion was immediately measured at 500 nm in a 1
cm path cuvette. The emulsifying activity was expressed by the turbidity
of the diluted emulsion after 1 min of standing. Additionally, the
stability of the Mf—AO/oil emulsion was investigated by measuring
the turbidity decrease of the emulsion atf@. The diluted turbidity
was measured at 5, 10, 15, 30, and 45 min and further half-hourly.
The measurement was stopped when the absorbance of the turbidity
decreased to below 50% of the initial one. The half-life of the initial
value of the turbidity of the diluted emulsion was measured and
expressed as the emulsion stability. The-MO conjugate heated at
80°C for 2 h was also examined to investigate the effect of heating on
emulsion-forming ability. The significance of differences among
samples was determined by Tukey’s multiple-range test (24).
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the reaction at 50 °C and 35% relative humidity for 3 h () and 48 h S
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Table 1. Changes in pl of Carp Myosin and Actin during Reaction with g o
Ao o | IV S T I NN N R |
reaction lysine reacted pl estimated ¢ 3 4 5 6 7 8
time? (h) with AO (%) myosin actin pH before dialysis
0 0 552 5.10 Figure 5. Effect of pH shift to 7.5 on the solubility of acid-treated Mf-AO
05 4 5.3 5.03 conjugate. Acidic-treated Mf and Mf—AO conjugate were dialyzed against
3 17 5.04 4.89 ;
48 6 459 462 0.5 M NaCl (pH 7.5) to change the pH. Symbols are the same as in

Figure 3.

decreased to 53% of the initial value, the amount of the binding
AO reached the maximum (23%9/mg). This result indicates
RESULTS AND DISCUSSION that ~50% of the total lysine residues in Mf could react with
Conjugation of Mf with AO through the Maillard Reac- AO in the reaction system. These lysine residues probably
tion. When the lyophilized mixture of Mf and AO was incubated existed at the surface of the protein.
at 50 °C and 35% relative humidity, the browning intensity Improvement of Solubility of Mf by Conjugation with AO.
increased gradually with the progress of the reaction time as The solubility of Mf in a low ionic strength medium significantly
shown inFigure 1a. In addition, a decrease in available lysine increased with the progress of the conjugation with &A@(re
and an increase in AO bound to Mf were observed simulta- 2). The solubility in 0.05 M NaCl was greatly improved with
neously as presentedfigure 1b. These results clearly indicate  an increase in the amount of AO bound to Mf. The solubility
that Mf was conjugated with AO through the Maillard reaction in 0.05 M NaCl reached 76% when the amount of bound AO
between the-amino group of the lysine residue in Mf and the was 38ug/mg and the amount of available lysine residues
end-carbonyl group of AO. When the available lysine content reacted was 4% (reaction time of 0.5 h). When the amount of

@50 °C and 35% relative humidity.
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0.05 M NaCl at pH 7.5 0.5 M NaCl at pH 7.5 AO. These results demonstrate clearly that attaching a small
amount of AO to Mf improved the solubility of Mf in low NaCl
100 BowB—f—Oyy o[ B-0—0—0—p A concentration media without a significant loss of the available
s L \\ L ‘\\ ] lysine.
;\3 Figure 3 shows the NaCl concentration dependency of the
‘; 60 F 4+ . solubility of Mf—AO conjugates. Mf was solubilized in lower
= 0\0__0\0 NaCl solutions (pH 7.5) by the conjugation with AO. In the
L 40r 1t - case of native Mf, the solubility increased gradually with the
° rise of NaCl concentration in the range of 0425 M and
D 20 1t . reached the maximum value at 0.5 M NaCl. On the other hand,
L L the solubility of the Mf~AO conjugate in 0.05 M NaCl reached
0 aetore 50 60 70 80 Before €0 60 70 80 90% and the NaCl concentration dependency disappeared when
heating heating 102 ug/mg of AO was bound to Mf (the reaction at 8CG and
0.05MNaClat pH 5.5 || 0.5MNaClat pH 5.5 35% relative humidity was 3 h). . .
100F B AL B--g—o | Itis known that humidity affects the Maillard reaction, and
\\* 0—O——p . Oy the reaction proceeds quickly under-480 °C and 60—80%
8o b \ dL N\ B relative humidity 5, 26). However, our previous study showed
:\g \A that protein heat denaturation occurred under these conditions
‘; s0 4 . and the improved high solubility of the MAO conjugate was
= rapidly impaired with the progress of protein denaturatitd) (
'.g 40 F I — On the other hand, we confirmed in the preliminary experiment
B that a significantly lower relative humidity<40%) effectively
Y 20 1r . suppressed the protein denaturation during reaction with AO.
| Indeed, as shown ifigure 3, the improved solubility of the
0 —— bt L — o Mf—AO conjugate prepared at 3C€ and 35% relative humidity
heating 0 60 70 80 heating 20 60 70 80 remained unchanged even after reaction for 48 h (2@2ng
Heating temperature (°C) of AO was attached to Mf). These results indicate that the

Maillard reaction at low relative humidity is appropriate for the

Figure 6. Effect of heating at different NaCl concentrations and pH levels preparation of a neoglycoprotein with high solubility from fish

on the solubility of the Mf—AO conjugate. Native Mf (O) and Mf-AO

containing 120 (A) and 227 (O) ug/mg of AO were dissolved in 0.05 or MI. . .
0.5 M NaCl (pH 5.5 and 7.5 in both cases) and heated at 50-80 °C for _Effect of pH on Solubility of the Mf_AQ, Conjugz_ﬂe.
2 h. Figure 4 shows the effect of pH on the solubility of native Mf

and Mf—AO conjugates in 0.05 and 0.5 M NacCl. The solubility
AO bound to Mf was 102«g/mg (reaction time of 3 h), the  of native Mf decreased greatly in the pH range of-5605 in
solubility of the Mf—AO conjugate in 0.05 M NaCl reached 0.5 M NaCl. The pivalues of carp myosin and actin estimated
90% and equaled the solubility in 0.5 M NacCl. In this conjugate, from the amino acid composition were pH 5.52 and 5.10,
17% of available lysine residues in the Mf were reacted with respectively Table 1). Therefore, it is apparent that the loss of

pH7.5 pH 7.5
Native Mf in 0.05 M NaClf- No emulsion No emulsion

Mf-AQ in 0.05 M NaCl

Heated Mf-AO in 0.05 M NaCli

Native Mf in 0.5 M Na(l
Mf-AQ in 0.5 M NaCl
Heated Mf-AQ in 0.5 M NaCl

0 0.5 1.0 1.5 20 O 100 200 300 400

pH 5.5 pH 5.5
Native Mf in 0.05 M NaCl | No emulsion No emulsion
Mf-AO in 0.05 M NaCl ha
Heated Mf-AQ in 0.05 M NaCl ha

Native Mf in 0.5 M NaCl Je

MFf-AO in 0.5 M NaCl H ad
Heated Mf-AQ in 0.5 M NaCl }d
1 5 1 i 1 i 1 1 " 1 1 L
0 0.5 1.0 1.5 20 O 100 200 300 400
Emulsifying activity Emulsion stability
(absorbance at 500 nm) (min)

Figure 7. Emulsion-forming ability of the Mf—AO conjugate under different NaCl concentrations and pH levels. Native Mf and Mf—AO containing 227
uglmg of AO were dissolved in 0.05 and 0.5 M NaCl (pH 5.5 and 7.5 in both cases), and the emulsion-forming ability was investigated by measuring
the emulsifying activity and the emulsion stability. Samples heated at 80 °C for 2 h were also examined under the same condition. Data are means +
SD, and the same italic letter shows no significant difference (n = 3, p < 0.01).
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net charge of proteins at nearly theip closely related to the  concentration and pH level. No emulsion was formed in 0.05
solubility decrease of native Mf. On the other hand,~WO M NaCl (pH 5.5/7.5), and the emulsifying activity in 0.5 M
conjugates showed high solubility at the range of pH-&.(5, NaCl (pH 7.5) became weak when the pH of the emulsion was
regardless of NaCl concentration. Furthermore, the solubility nearly the plof the proteins (pH 5.5). On the other hand, the
of the Mf—AO conjugate containing 2223/mg of AO remained NaCl concentration and pH had no effect on the emulsifying
at ~50% even at pH 4.5. Thel @f myosin and actin in Mf activity of the Mf—AO conjugate. The emulsifying activity of
AO conjugates seemed to shift to the acidic side because thethe Mf—AO conjugate was significantly higher than that of
positively charged lysine reacted with AO. Indeed, when the native Mf in pH 7.5 and particularly in pH 5.5. In addition, the
total available lysine loss reached 17% (the reaction period wasemulsion stability of Mf was significantly improved by conjuga-
3 h) and 46% (48 h), thelwalues of myosin/actin in Mf—AO tion with AO. The emulsion stability of the MfAO conjugate
conjugates were estimated to be 5.04/4.89 and to 4.59/4.62,showed the highest value in 0.05 M NacCl (pH 7.5), in which
respectively, as listed ifable 1. Thus, the result shown in  native Mf had no emulsion-forming ability. Although the
Figure 4 indicates that the MfAO conjugate was soluble at  emulsion stability of the MfAO conjugate decreased with an
more acidic pH than the native Mf. increase in NaCl concentration, it remained at a relatively high
It is known that fish Mf denatures easily and loses its salt level even at pH 5.5. Furthermore, it was confirmed that the
solubility in acidic conditions Z7). Therefore, the structural — emulsion-forming ability of the Mf—AO conjugate was ther-
change of Mf-AO conjugates in acidic conditions seems to mally stable as shown ifrigure 7. The improved emulsion-
differ from that of native Mf. To investigate the relationship forming ability described above was unchanged even after
between acid denaturation and solubility loss, the pH of native heating at 80C for 2 h, regardless of NaCl concentration and
Mf and Mf—AO conjugates shown ifigure 3 was shifted to pH. These results clearly indicate that conjugation with AO is
neutral by dialyzing against 0.5 M NaCl (pH 7.5), and an effective way to improve the emulsion-forming ability of
restoration of the solubility was observed. As presented in Mf.
Figure 5, the solubility of native Mf impaired in acidic solutions Conclusion. Conjugation with AO was an effective way to
was unchanged after the pH was shifted to 7.5. This result improve the functional properties of fish Mf, such as solubility
indicates that the significant structural change would have in low NaCl solutions, thermal stability, and emulsion-forming
occurred with a decrease in the net charge of the proteins inability. The Mf—AO conjugate was solubilized in wide range
acidic conditions. On the contrary, the low solubility of Mf  of NaCl concentrations and pH levels with high stability and
AO conjugates at pH 2:54.5 was effectively recovered by  with excellent emulsion-forming ability. The result of this work
adjusting the pH to 7.5. In particular, the solubility of the-Mf  can contribute to the high utilization of marine bioresources as
AO conjugate containing 222g/mg of AO recovered com-  functional food materials.
pletely regardless of the pH before dialysis. The result shown
in Figure 5 suggests that the conjugation with AO suppressed
the structural change of the proteins under acidic conditions.
The loss of the net charge could be mainly responsible for the (1) yamashita, K.; Arai, K.; Nishita, K. Thermo-stabilities of
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