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Abstract:  In this study, sodium alginate (SA), locust bean gum (LBG) and mung bean starch (MBS) were 
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used as raw materials. Dynamic rheometer, texture analyzer, differential scanning calorimeter, X-ray 

diffractometer and low-field nuclear magnetic resonance were used to explore the effects of SA, LBG and 

SA-LBG mixtures with different compounding ratios on MBS aging and their influence mechanisms. The 

results showed that adding SA, LBG and SA-LBG mixture can reduce the hardness, aging enthalpy value, 

recrystallization rate constant (k), relative crystallinity and water mobility of aged MBS gel, and increase its 

loss factor. Low-field NMR results found that the SA-LBG mixture increased the T2 of MBS gel. The results 

show that SA, LBG and SA-LBG mixture can delay the aging of MBS gel, among which the anti-aging effect 

of SA-LBG mixture is more significant. SA-LBG mixture at mass ratio of 1:1 exhibited a strongest 

synergistic effect on inhibiting MBS gel retrogradation. This may be due to that the synergistic effects 

between SA and LBG, as well as hydrogen binding among SA, LBG and starch, which could prevent 

interactions between starch molecules and inhibit starch recrystallization. These findings might provide 

useful information for improving MBS-based products’ shelf-life with introduction of SA-LBG. 

Key words: mung bean starch; retrogradation; sodium alginate; locust bean gum; synergistic effects 
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Fig.1  Time sweep rheograms of MBS with  
different ratios between SA and LBG 

 

2.2  �
6#-™�Ó�3�½ 

�¯�+ 2 �m.gU‘�m�6�d	î�
6#-™�ÓK¼�Õ�…�#K!

+±�#J¬	u�tP�B¸�ì�! Hu 0v[14]�Œ�þ(Ý�T1 "í1¶�
6#

-™�Ó�61¨�i+±	��CB¸�ìU‘E�	�6*�\,!J+"í1¶	¹�\

J+"í1¶Fú4��£�•�=�6�¼4��±�m7! [15]�!,%	9�Õ�…�#

K!�8U‘#(�Í SA� LBG �C SA-LBG 6*Kz�{ MBS �


6#-™�ÓU‘=•�;#(�Í�G2�6*�¬ MBS �
6#�g�Ó	��^U‘

�£�¾�c MBS 5.�C�!�U 4 ℃�Õ�…3 d 	;U‘ MBS-A2� 

MBS-L2 	¹ MBS-A1L1 �
6#-™�Ó!� MBS �3�X�{�³

20%� 9%	¹ 35%U‘E��-4��É�;�x�z-A/£�þ(Ý+±Sñ

�Ì6#Kz�{5.�C�T1 "í1¶�
6#-™�Ó+±4��É�\�-7!+±
[16]�!E�	�6*�\�G2�D°�g+±�ß!a�T6*�¾�c"í1¶�3�}

+±#ã5íU‘Kh-º"í1¶�
6#4~4	+±�•�= [17]�! MBS-A2

�
6#-™�Ó�k9„�{�» MBS-L2U‘A!�;�; LBG ,%!�U‘

SA �¾�c MBS �
6#5.�C�‰*U�!�g�!E�	�6*�\ SA

+±4Ô
'�ž	ú"í1¶+±�
�Ç�¸�g	¹4��£�gU‘�)7!"í1¶

J++±?�.è[9]�!E��; Chen0v[9]+±-A/£4��É�\�-7!�!

#(�Í SA-LBG #$	5'–+± MBS �
6#-™�Ó�t�{�»#(

�Í�‚�-�G2�+± MBSU‘A!�; SA �; LBG +±�|	9�‰*U

6*Kz�{5.�C MBS �
6#+±-™�Ó�!,%	9�Õ�…�#K!U‘

MBS-A1-L1 �
6#�¤�6�-�{+±-™�ÓU‘�Õ�… 7 d 	;U‘

MBS-A1-L1 -™�Ó!� MBS �{ 362 gU‘E�=•�; SA �;

LBG +±�:Fz!��¸�g 1�D1 �#U‘�…�U�-�g+±�|	9�‰

*UU‘6*Kh-º MBS �
6#+±J¬�L5.�C�! E�	�6*�\ LBG

+±L‹�3�\�C�v#þ�g
�6*�; SA +±�ù<ç�ø4��±4�	5U‘

59LBG +±�3�\�g
��U�3�}K!B¤�Ñ5•�‰*U [18]�!Zhang

0v[4]�þ(Ý#(�Í�:Fz!��¸�g 1�D4+±�†F•�C���¹F¥�¹

"í1¶	¹*]8î6##$	5'–�#U‘�<SÓ"í1¶�¤�6�-�{+±�


6#-™�Ó�!�
 ‘U‘�€ LBG �; SA �� 1�D1 !��¸�:	5

	���
Ë�Í�¹52+±�Ñ5•�z%æU‘ ‘�# SA �; LBG +±!O

J[�‰*U�-�gU‘ SA-LBG #$	5'–+±	e!a6*�È�-�gU‘

6*�6�u�;"í1¶�3�}0��¶	��V*U!aU‘Kh •"í1¶�3�}  
 

 
 

" �UŸ�<�Æ�„ ú� : 	9=•.g,%	9�Õ�…�#K!�² � : 	9�d	 î � � � / �k

9„U �T�Æ�„ ú�:	9=•.g,%	9�d	î�:	9B[�…�#K!���/�k9„�!  

Note: Different lowercase letters indicate significant differences 
between different samples during the same storSAe time; Different 
capital letters indicate significant difference in storSAe time of the 
same sample. 

�+ 2  �:	9�Õ�…�#K!+± MBS �÷ MBS-�G2�+±�
6#-™�Ó 

Fig.2  Firmness of MBS or MBS-polysaccharide  
at different storSAe time 
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�xK!+±Fú4��£ [19]�!  

2.3  &�'¦�T�3�½  

ΔHg �\�41÷�CDô/8�Z"í1¶4��£&Á<º	¹ /�C�‚�-

"í1¶�ÔJ+EGDô!OJ[�•�=+±�ù<ç�ø�‚�mL-+±6*Fü�!

�¯�+ 3A 	¹=• 2 �m.gU‘�m�6�d	î�U3Ó 70 ���1F*>ï

���]�-�W�T+±1÷�C	e&����!#(�Í�G2�6*�k9„Kz�{

MBS +± ΔHgU‘�A#(�Í�Q.ú�G2� MBS +± ΔHg �{�»

#(�Í�‚�-�G2� MBSU‘A!�; LBG �; SA +±�|	9�‰*U

6*�¾�c MBS 1÷�C�!�£�ZU‘ MBS-A1-L1 �¤�6�-�{+±

ΔHgU‘=•�;�€ LBG �; SA +±!��¸�g 1�D1 �#�¤�6�-

� +±�|	9�‰*UU‘�!�6�u�¾�c MBS +±1÷�C�!E�	�6*

�\ LBG �; SA �xK!D°�g+±�|	9�‰*U�ü�>�³"í1¶1÷

�CDô/8�Z	�*U!a+±	XFü[20]�!�G2��;"í1¶+±,%�¿�‰

*U�f	��³�£�€	¹L‹�£�€BU�]�xK!+±5S	5�È [21]�!  

5.�C&@�iU•ΔHrUŽ�\�4�Õ�…Dô/8�Z&Á<º�\J+"í

1¶�•�=+±4��£�C�ù<ç�ø�mL->®+±6*Fü�!�¯�+ 3B� 

C 	¹ D �m.g�!�U 4 ���Õ�…�:	9�#K!+±�m�6�d	î�U

60 �����8F*�6�-�W5.�C	e&���U‘ 5.�C���i#V�Ó>®

�k9„�{�»1÷�C#V�ÓU‘E�=•�;�U5.�C"í1¶�d	î�Z�•

�=�³�:�¹4»4��£�€ [22]�!�¯=• 2 �m.gU‘�m�6�d	î+±

ΔHr K¼�Õ�…�#K!�#J¬59
Ë�TU‘=•�;�U�Õ�…Dô/8�Z

"í1¶�
6#5.�C/8�Ó�Í#��! E��; Chen0v[9]-A/£4��É  
 

 
 

"�UŸAUŸ1÷�CU BUŸ4 ���Õ�… 1 dU CUŸ4 ���Õ�… 3 dU DUŸ4 ���Õ�… 7 d�!  

Note: A: gelatinized; B: stored at 4 ��  for 1 d; C: stored at 4 ��  for 3 d; D: stored at 4 ��  for 7 d. 

�+ 3  MBS �÷ MBS-�G2�#$	5'–+±&��È�“��3ì  

Fig.3  Thermodynamic curves of MBS and MBS-polysaccharide mixtures 
 

=• 2  MBS �÷ MBS-�G2�#$	5'–1÷�C&@�i� 5.�C&@�i	¹ Avrami �ï�•  

Table 2  Gelatinization enthalpy, retrogradation enthalpy and Avrami parameters for MBS and MBS-polysaccharide gels 

ΔHr/(J/g) Avrami�ï�• (0<t≤7) 
�d	î  ΔHg/(J/g) 

1 d 3 d 7 d R2 n k 

MBS 8.98±0.25a 5.60±0.46a 6.08±0.07a 6.81±0.04a 0.960 0.189 0.959 

MBS-A2 8.00±0.10b 4.28±0.11b 5.38±0.10b 6.00±0.02b 0.994 0.307 0.778 

MBS-A1.5-L0.5 7.66±0.18c 3.38±0.10c 4.46±0.15c 5.26±0.41c 0.999 0.355 0.590 

MBS-A1-L1 6.68±0.08d 2.96±0.07d 3.84±0.08d 4.68±0.05d 0.993 0.388 0.574 

MBS-A0.5-L1.5 7.36±0.01c 3.26±0.16c 4.22±0.04c 5.18±0.11c 0.997 0.375 0.579 

MBS-L2 7.87±0.06b 3.97±0.04c 4.38±0.28c 5.31±0.14c 0.920 0.236 0.679 

"�UŸ	9�-�D+±�:	9�„ ú=•.g�d	îK!+±�k9„�T���/U• P<0.05UŽ�!  

Note: Different letters in the same column indicate significant differences between samples (P<0.05). 



0Y32 �¤  2024�¡  0Y4 �L   N�	î�Í��  

 

 117  

�-7!�!E�	�6*�\,!J+"í1¶�ÔJ+EGDô!OJ[�•�=�ù<ç

�ø4��±�m7!�!,%	9�Õ�…�#K!�8U‘#(�Í SA �C LBG

�t6*Kz�{ MBS +±ΔHrU‘=•�;#(�Í�G2�6*�¾�c MBS

Fú4��£�! ‘�CU‘#(�Í SA-LBG #$	5'–+± MBS +±ΔHr

�{�»�ò#(�Í SA �C LBG +±MBSU‘�£�Z MBS-A1-L1

�6�-�{+± ΔHr�!�¸�¯U‘�Õ�… 7 d 	;U‘ MBS-A1-L1 +±

ΔHr !� MBS	¹ MBS-A2�3�X�{ 2.13 J/g	¹ 1.32 J/g�!

�
 ‘U‘�€ SA �; LBG �:Fz!��¸�g 1�D1 �#U‘�g�|

	9�‰*U6*�-�6�u�¾�c MBS J¬�L5.�C�!  

2.4  5.�C�Õ�È�“  

�¯=• 2 �m.gU‘5.�C�d	î+± R280�!�\ 0.92~0.99U‘

=•�;�d	î ΔHr 7œ�ª��	5�³ Avrami �æ/8�! n �i	��à

�»�£�€�=�e�æ�<	¹�£�€�g�%U‘ n<1 	¹ 1<n<2 �3�X

=•.g,ÙK!�=�e	¹E�4��=�e�! k �i	��à�»�£�€*LJ¬

	¹�£�€�=�e�e�•U‘ k �iB·�<U‘ �£�€*LJ¬EL(´B·�{ [19]�!

�m�6�d	î n �i�t�<�» 1U‘=•�;�m�6�d	î�=�e�æ�<

�g,Ù�#�=�e�g�c�!#(�Í�G2�6*Kz�{ MBS +±k �iU‘

= • � ; � G 2 � 6 * � ü 4 @ " í 1 ¶ 5 . � C E L ( ´ � !  ‘ � C U ‘ 	 X � 6

SA-LBG #$	5'–+± MBS +± k �i�<�»#(�Í SA �C

LBG +±MBS �
6#U‘=•�; LBG �; SA �xK!�|	9�‰

*U�6�u�¾�c MBS J¬�L5.�C�! MBS-A1-L1 +±k �i�-

�<�g 0.574U‘=•�; SA �; LBG �:Fz!��¸�g 1:1 �#�¤

�6�-�g+±�|	9�‰*UU‘�¾�c MBS 5.�C6*�È�-�g�!E�

	�6*�\�G2��3�•�U"í1¶�3�}�ZKh-º�³"í1¶�3�}�x

K!+±�Ñ5•U‘�¾�c"í1¶Fú4��£ [9]�!�Œ	�6*�\ LBG �;

SA �xK!D°�g+±!OJ[	¹L†*b,%�¿�‰*UU‘-a�|�³"í1¶

J+�xK!+±!OJ[U‘�#4@"í1¶5.�C[23]�!  

2.5  X �13ì=z�1�+A^  

�¯�+ 4 �m.gU‘�V&c MBS =•(Ý�g�¥�¸+± C �¸  

4��£4��±U•�+ 4AUŽU‘�Õ�…	;�m�6�d	î�U 2θ �g 17°

	¹ 23°�1�t�6D°�g+±=z�1��U‘	u(Ý�' B �¸4��£4�

�±U‘E�=•�; MBS 5.�C�¬�£4��£4��±*^ C �¸D™	�

�g B �¸�!E�	�6*�\"í1¶J+�;!a�3�}�xK!+±,%�¿�‰

*UU‘�¬,!J+"í1¶	¹�\J+"í1¶	��Ä�!�6�¼ [24]�!�s�G

2�+±#(�Í�& MBS 4��£4��±!Î�6�k9„�ž	úU‘ E�=•�;

�G2��:�ž	ú"í1¶+±4��£1¨�¸�! E��; Li 0v[25]+±-A/£

4��É�-7!�!  

RC �i�e=Ø*U�»@ñ�]�\J+"í1¶+±Fú4��£/8�Ó [4]�!

K¼,m�Õ�…�#K!�#J¬U‘�m�6�d	î RC �i�t�tP�U‘=•

� ; �Õ�…Dô/8�Z"í1¶�d	 î+±5.�C/8�Ó
Ë�Í � !E� � ;

Zheng0v[26]+±-A/£4��É�-7!�! E�	�6*�\�Õ�…Dô/8�Z

�\J+"í1¶+±Fú4��£�•�=�³�6�¼4��± [10]�!�U,%	9�Õ

�…�#K!�8U‘#(�Í�G2�6*Kz�{ MBS +±RC �i�!�Õ�…

7 d 	;U‘�; MBS ,%!�U‘#(�Í SA �C LBG +±MBS �


6# RC �iKz�{�³ 3.5%~4.9%�!=•�;�G2�6*�6�u�¾

�c"í1¶Fú4��£	¹5.�C�! Luo 0v[24]�Œ�þ(ÝSñ�Ì6#6*

Kz�{�T1 "í1¶ RC �i�! ‘�CU‘,%!�#(�Í�‚�-�G2�

+±MBS �
6#U‘#(�Í SA-LBG #$	5'–+± MBS �
6#

+±RC �iD°�{U‘�A MBS-A1-L1 �¤�6�-�{+± RC �iU‘

A!�; SA-LBG #$	5'–�U�:Fz!��¸�g 1:1 �#U‘LBG 	¹

SA +±�|	9�u�Á�-�gU‘�k9„�#4@ MBS 5.�C�!E�	�6*

�\�G2�	¹"í1¶�3�}�xK!�•�=+±!OJ[6*�¾�c,!J+"í

1¶	¹�\J+"í1¶+±Fú4��£U‘ E�59�¾�c MBS+±5.�C[24]�! 

2.6  �HA˜�#K!  

"í1¶�€2(�Z!a+±"n�Õ�T�&"í1¶5.�C�6Fú>®�ž

	úU‘	�EGDô�{�g�e-î�ž�\+±7��ø -7��ø�HA˜�#K!

U•T2UŽ�’+þ"x�!�U"í1¶�€2(�ZU‘ T2 =•.g!a�3�}�;

"í1¶�3�}+±4�	5/8�ÓU‘ T2 B·�{U‘=•.g!a�3�}�;"í  
 

 
 

"�UŸAUŸMBSU BUŸ4 ���Õ�… 1 dU CUŸ4 ���Õ�… 7 d�!  

Note: A: MBS; B: stored at 4 ��  for 1 d; C: stored at 4 ��  for 7 d. 

�+ 4  MBS �÷ MBS-�G2��
6#+± X �13ì=z�1�+A^	¹ RC �i  

Fig.4  X-ray diffraction profiles and RC values of MBS and MBS-polysaccharides gels 
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1¶�3�}+±4�	5B·2T�óU‘!a�3�}"n�Õ�T�{ [22]�!�¯=•

3 �m.gU‘K¼�Õ�…�#K!+±�#J¬U‘�m�6�d	î+±T2 �tE=

#=Kz�{U‘=•�;�Õ�…Dô/8�Z"í1¶�þ*L�³5.�CU‘"í1¶

�
6#�Z!a+±"n�Õ�TKz�{�!E�	�6*�\"í1¶�
6#�Z�6

�!�G+±!a�3�}*†�U4��£4��±�ZU‘"í1¶�3�}	¹!a�3

�}+±2T�ó4�	5�ðE��6�¼4��±�•�= [22]�!E��; Zhang

0v[22]+±-A/£4��É�-7!�!�U,%	9�Õ�…�#K!�8U‘#(�Í

SA �C LBG 6*�k9„�ýP� MBS +±T2U‘�Õ�…7 d 	;U‘

MBS-L2 +±T2 !� MBS P� 12 ms�!E�=•�;#(�Í�G2�

�ýP��³"í1¶�
6#�Z!a�3�}+±"n�Õ�T�! E�	�6*�\ SA

�; LBG �¤�6D°�g+±!a4�	56*�ÈU‘ �¾�c�³"í1¶�;!a

�3�}+±2T�ó4�	5U‘�ðE��³!a�3�}+±Dî/(U‘�ü�>�³

"í1¶4��£4��±�Z�
*†+±!a�3�}U‘ �#4@�³ MBS +±J¬

�L5.�C [9]�!�U,%	9�Õ�…�#K!�8U‘#(�Í SA-LBG #$

	5'–+± MBS �
6#+± T2 P��»#(�Í�‚�- SA �C LBG

+± MBS �
6#U‘�Õ�… 7 d 	;U‘ MBS-A1-L1 +± T2 !�

MBS-A2 P� 33 ms�!E�=•�; SA-LBG #$	5'–�k9„�ý

P� MBS �
6#�Z!a+±"n�Õ�T�! Luo 0v[24]�Œ�þ(Ý#(�Í

Sñ�Ì6#-�: '–;ø+ª!a?�'–#$	5'–+±�T1 "í1¶�
6#

+± T2 �k9„P��»#(�Í�‚�-Sñ�Ì6#�C�‚�-�:'–;ø+ª

!a?�'–+±�T1 "í1¶�
6#�!E�	�6*�\#D�'+±,!J+"í

1¶�;�G2��xK!+±!OJ[�‰*U� SA �; LBG �xK!+±�|

	9�‰*U� ���÷�G2�D°�g+±!a4�	56*�ÈU‘�¾�c�³,!

J+"í1¶	¹�\J+"í1¶+±5‡Kó�÷"í1¶�3�}�;!a�3�}+±

2T�ó4� 	5U‘ �¬"í1¶Fú4� �£	 � � ] �¾�cU‘�û59�#4@

MBS +±J¬�L5.�C[4]�!  

�f�›�HA˜�#K!+±���/U‘"í1¶�
6#�Z!a+±�…�U

'ã�.	��3�X�g4�	5!aU• 0.01~10 msU‘T21UŽ� �:�@"n

�Õ!aU•40~200 msU‘T22UŽ	¹7�*^!a U•1 000~10 000 msU‘

T23UŽU‘�°���e=Ø*U�’@ñ�$"í1¶ -!a�€2(�Z�:	93ñ�3

!a+±"n�Õ�T[24]U‘,%�Á+±U‘��L•/�!��¸�3�X�4@Ý�g

A21� A22� A23U‘=•.g!a�Z�:	93ñ�3U• T21� T22 	¹

T23UŽ+±	XFü�!�¯=• 3 �m.gU‘K¼,m�Õ:ü�#K!+±�#J¬U‘

�m�6"í1¶�
6#�Z+± T21	¹ T22E=#=Kz�{U‘�s�Õ�…7 d 

	;U‘�m�6�d	î+± T21 "µ�^�! Zheng 0v[27]�Œ�þ(ÝB[

:ü 3 d 	;U‘8ß�}"í1¶�
6#�Z+± T21 �
"��í"x�]�! Zhao

0v[28]�þ(ÝK¼,m�Õ�…�#K!+±�#J¬U‘�<SÓ"í1¶�
6#�Z

+±T22E=#=Kz�{�!A!�;4�	5!a	>�:�@"n�Õ!a�;�
6#

4~4	+±4�	5�!2T�ó�!E�	�6*�\�Õ�…�#K!�#J¬U‘"í

1¶�3�}�xK!�Ñ5•�•�=�6�¼4��±U‘6*�3!a�3�}�'�Ç

�6�¼4��±�ZU‘�ü�^�³"í1¶�
6#�Z!a+±"n�Õ�T [24]�!  

T23 �U�Õ�…1 d �#�
"��í"xU‘�s�Õ�… 3 d 	;	�

���í"x�]U‘=•�; MBS-�G2��€2(�Z+±7�*^!aDî/(

�h>®�þ*L�U�Õ�…	;�LU‘ ‘�#"í1¶�-�ø��*L�!E�	�

6*�\��*LDô/8�ZU‘"í1¶�3�}EGDô!OJ[5‡Kó�•�=�:

#ã�T5‡Kó�€�£�þ*L4��±Fú�¿U‘�•�=�³7!�ó+±4~4	

4��±U‘Kz�{�³!a+±"n�Õ�TU‘�s	9�#�)7!F��3�:�@

"n�Õ!a�û4~4	4��±�Z�Q� 'U‘D™	��g7�*^!a [29]�!

Chen0v[29]�Œ�þ(Ý�T1 "í1¶ -�›Q®�•�
6#�Õ�… 0~7 d

�
"��í"x�] T23U‘�#J¬�Õ�…�#K!6*�í"x�] T23�! Luo

0v[10]�Œ�þ(ÝK¼,m�Õ:ü�#K!+±�#J¬U‘��8v�G2� -(¶1 

"í1¶�
6#+± T23 E=#=Kz�{�!#(�Í SA �C LBG 	;U‘

MBS +± T21� T22 	¹ T23 �tP�U‘A!�;�G2�+±#(�Í	�

��
Ë�g�;"í1¶J+2T�óE��Ò+±!a+±"n�Õ�T�!E�	�6*

�\�G2��;"í1¶J+�xK!+±!OJ[,%�¿�‰*U���÷ SA �C

LBG +±P��ß!a�TU‘6*�ü�^"í1¶ -"í1¶�xK!+±,%�¿�‰

*UU‘�¾�c"í1¶�
6#�6�¼4��±+±�•�=U‘�ü�^"í1¶�;

!a�3�}+±2T�ó4�	5U‘�#4@"í1¶+±5.�C [4]�!�;#(�Í

�‚�-�G2�,%!�U‘#(�Í SA-LBG #$	5'–+± MBS +±

T21� T22 	¹ T23 �iD°P�U‘�A MBS-A1-L1 �¤�6�-P�

+±T21� T22 	¹ T23U‘A!�;�;#(�Í�‚�-�G2�,%!�U‘ SA

�; LBG �xK!�…�U�|	9�‰*UU‘6*�k9„�ýP� MBS �Z

!a+±"n�Õ�TU‘E��; Zhang 0v[4]-A/£4��É�-7!�!E�

	�6*�\ SA �; LBG �xK!+±�|	9�‰*U6*�!�6�u+±�ü

�^"í1¶�3�}�xK!+±Fú�¿	¹5‡KóU‘ �#4@MBS �
6#+±

5.�C [4]�!  

K¼,m�Õ�…�#K!+±�#J¬U‘�m�6�d	î+±A21 	¹ A22

�k9„Kz�{U‘ A23 �k9„�tP��!�Õ�… 7 d 	;U‘ MBS +±

A22 !��Õ�… 1 d +±MBS �k9„Kz�{3Ó 10%U‘59�Õ�…

7 d+±MBS +±A23 !��Õ�… 3 d+±MBS �k9„�ýP�3Ó

42%�!E�A!�;�#J¬�Õ�…�#K!6*
Ë�Í7�*^!a!��¸U‘

F��34�	5!a�U�Õ�…Dô/8�ZD™	��g7�*^!aU‘=•�;"í

1¶5.�C/8�ÓK¼,m�Õ�…�#K!�#J¬59�Í#��!E��;�x�z

-A/£�þ(Ý�T1 "í1¶+± A21 	¹ A22 K¼�Õ�…�#K!�#J¬

59�8Kz�\�-7!+± [16]�!E�	�6*�\"í1¶�U5.�CDô/8�Z

�•�=�³�:#ã�T+±5‡Kó�€U‘Kz�{�³"í1¶�
6#+±�.!a

6*�ÈU‘�)7!"í1¶�
6#�Z!a+±#D�' [22]�!#(�Í�G2�	;U‘

MBS +± A21 	¹ A22 E=#=
Ë�ÍU‘59 A23 �F	u(ÝKz�{

+±B¸�ì�! E�A!�;�G2�+±#(�ÍKz�{�³ MBS �Z7�*^!a

+±�•!�U‘�ýP�4�	5!a+±�•!��!E��; Zheng0v[26]+±
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-A/£4��É,%�i�!E�	�6*�\ SA �C LBG �ý�È+±/§K!

�zKh���÷"í1¶�;�G2�+±!OJ[,%�¿�‰*UU‘�w�^�³"í

1¶J++±�Ñ5•U‘Kh •�³"í1¶4��£4��±+±�•�=U‘K}�c

7�*^!a+±#D�'U‘�ü�>7�*^!a+±�•!� [29]�! ‘�CU‘�U

,%	9�Õ�…�#K!�8U‘MBS-A1-L1 �¤�6�-P�+± A21 	¹

A22 	¹�-�{ A23U‘=•�; SA 	¹ LBG �xK!+±�|	9�‰*U

6*�ü�>7�*^!a+±!��¸U‘�#4@"í1¶+±5.�C�!E�	�6*

�\"í1¶�; SA �3�}�xK!+±L†*b,%�¿�‰*U���÷"í1¶

�3�}�; LBG-SA #$	5'–�xK!+±!OJ[,%�¿�‰*UU‘K}

�c4�	5!aE��’ MBS 4��£�gU‘�¾�c�³ MBS 5.�C [24]�! 
 

=• 3  MBS �÷ MBS-�G2��
6#�U 4 ���Õ�… 1~7 d+±�HA˜�#K! 

Table 3  The spin-spin relaxation time of MBS and MBS-polysaccharide gels stored at 4 ��  for 1~7 d 

�d	î  T2/ms T21/ms T22/ms T23/ms A21/% A22/% A23/% 

1d 

MBS 84.840 ± 2.164d 0.433 ± 0.083d 114.976 ± 4.931c N.D. 0.107 ±0.013f 99.893 ±0.512a N.D. 

MBS-A2 108.430 ± 1.395c 0.498 ± 0.041d 86.975 ± 3.724d N.D. 0.458 ± 0.085e 99.542 ± 0.493a N.D. 

MBS-A1.5-L0.5 118.330 ± 1.607c 0.658 ±0.027c 132.194 ± 4.050b N.D. 1.442 ± 0.021b 98.558 ± 0.319b N.D. 

MBS-A1-L1 168.310 ± 1.932a 1.150 ± 0.037a 174.753 ±5.172a N.D. 1.624 ± 0.013a 98.376 ± 0.261b N.D. 

MBS-A0.5-L1.5 132.470 ± 3.016b 0.870 ± 0.046b 132.194 ± 3.721b N.D. 0.921 ± 0.092c 99.079 ± 0.609a N.D. 

MBS-L2 103.760 ± 2.637c 0.433 ± 0.062d 114.976 ± 4.073c N.D. 0.652 ± 0.035d 99.348 ± 0.593a N.D. 

3d 

MBS 53.420 ± 1.392f 0.123 ± 0.005e 57.224 ± 2.018e 3 102.267 ± 9.731e 0.000 ± 0.000e 94.319 ± 0.379c 5.681 ± 0.087a

MBS-A2 60.670 ± 1.871e 0.201 ± 0.017c 77.474 ± 1.925c 3 764.936 ± 6.183d 0.002 ± 0.000d 94.602 ± 0.297c 5.396 ± 0.039a

MBS-A1.5-L0.5 74.250 ± 1.507c 0.215 ± 0.021c 86.975 ± 2.734b 4 977.024 ± 7.391b 0.026 ± 0.002c 96.526 ± 0.306b 3.448± 0.013b

MBS-A1-L1 100.030 ± 1.062a 0.281 ± 0.019b 100.000 ± 1.073a 5 722.368 ± 9.319a 0.054 ± 0.005a 98.077 ± 0.391a 1.868 ± 0.008c

MBS-A0.5-L1.5 87.480 ± 1.391b 0.321 ± 0.026a 75.646 ± 3.067c 4 977.024 ± 8.259b 0.037 ± 0.003b 96.565 ± 0.258b 3.398 ± 0.026b

MBS-L2 65.450 ± 1.906d 0.163 ± 0.037d 65.793 ± 2.360d 4 328.761 ± 4.370c 0.004 ± 0.001d 94.791 ± 0.179c 5.204 ± 0.041a

7d 

MBS 43.220 ± 0.981f N.D. 43.288 ±2.491e 1 232.847 ± 10.271e N.D. 90.140 ±0.571b 9.860 ± 0.017a

MBS-A2 50.370 ±1.375e N.D. 43.288 ±1.834e 1 417.474 ±8.654d N.D. 91.421 ±0.395b 9.364 ± 0.053b

MBS-A1.5-L0.5 61.710 ±1.530c N.D. 65.793 ±2.043b 1 629.751±5.307b N.D. 91.421 ±0.207b 8.579 ± 0.074c

MBS-A1-L1 83.560 ±1.094a N.D. 75.646 ±1.931a 1 773.817±7.218a N.D. 93.376 ±0.613a 6.624 ± 0.062e

MBS-A0.5-L1.5 75.180 ±1.273b N.D. 57.224 ±2.607c 1 532.847±5.091c N.D. 92.687 ±0.216b 7.313 ± 0.037d

MBS-L2 55.200 ± 1.734d N.D. 49.770 ±1.037d 1 232.847 ±7.350e N.D. 90.945 ±0.375b 9.055 ± 0.091b

"�UŸ	9�-�D+±�:	9�„ ú=•.g,%	9�Õ�…�#K!+±�d	îK!+±�k9„�T���/U• P<0.05UŽU‘N.D.=•.g!Î�6�•�›�!  

Note: Different letters in the same column indicate significant differences between samples of the same storSAe time (P<0.05), N.D. 
indicates no data. 

 

3  4�@ç 

�Y�´�Ï/£�³ SA �; LBG �xK!+±�|	9�‰*U�&

MBS 5.�C+±�ž	ú�!4��É=•�; SA �; LBG �¤�6�|	9

�¾�c MBS 5.�C+±�‰*U�!�¹52�:Fz!��g 1�D1 �#�|

	9�‰*U�-�gU‘�¾�c MBS 5.�C+±�u�É�-� �! MBS- 

A1-L1 �k.g�'�-P�+± tanδ �i���÷�-�{+±�
6#-™�Ó� 

5.�C�Õ�È�“�e�•� ,%�&4��£�Ó	¹7�*^!a!��¸�!�e

-î�ž�\4��É=•�; SA-LBG #$	5'–	����¾�c"í1¶�;

!a�3�}�xK!+±2T�óE��ÒU‘�¬D°�>+±!a�3�}*†�U4�

�£�gU‘�û59Kh •�³L‹�£�.	>4��£�.D™	��!E�	�6*

�\ SA 	¹ LBG +±�.!a6*�ÈD°�gU‘�A SA �; LBG �x

K!+±�^L†*b,%�¿�‰*U�÷�£�;"í1¶�3�}�xK!+±!OJ[

,%�¿�‰*UU‘6*�¾�cMBS +±Fú4��£	¹5.�C�!4��É=•

�; SA-LBG #$	5'–6*�6�u�#J¬ MBS 
'N�	î+±BT

�ã�L�!  
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